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Nosocomial lower respiratory tract infections
remain an important source of morbidity and
mortality (1-3). The incidence of nosocomial pneumonia in the United States is 6.0 per
1,000 hospital discharges based on data collected in the National Nosocomial Infections
Surveillance System (4). The incidence of nosocomial pneumonia in intensive care unit patients (ICU) intubated for longer than 24 to
48 h has been reported to be far higher, ranging from 21 to 49070 (5-8). Nosocomial pneumonia has been associated with fatality rates
up to 35 to 60070 (5, 6, 9, 10). In addition,
nosocomial pneumonia prolongs the average
ICU stay in survivors almost threefold (11).
Nosocomial pneumonia may occur as a result of hematogenous spread of pathogens,
inhalation of contaminated aerosols, or aspiration of oropharyngeal secretions (1,2). The
majority of nosocomial pneumonia cases appear to result from colonization of the patient's oropharynx followed by aspiration and
infection in the setting of impaired host
defenses (1, 2, 12). The source of the colonizing organisms has not been entirely elucidated but includes both endogenous and exogenous flora. The gastrointestinal tract is the
most common endogenous source of gramnegative bacillithat may colonize the oropharynx (2, 13, 14). Exogenous sources of pulmonary pathogens include contaminated respiratory equipment (8, 15, 16) and carriage on
hands of medical personnel (17).
Recent studies have noted that the exhalation port of manual ventilation bags (MVB)
may become contaminated with bacteria during use (18) and have linked contaminated
MVB to epidemics of Acinetobacter calcoaceticus pulmonary infections (19, 20). This
study was undertaken to answer the following questions: (1) do MVB used in the ICU
setting harbor potentially pathogenic organisms; (2) are only the exterior surfaces of the
MVB contaminated, or are potential pathogens present post-MVB exhalation valve; and
(3) can contaminated MVB serve as the source
for colonization or infection of intubated patients, and if so, can they be disinfected or
must they be exchanged on a routine basis?
This study wasconducted at the University of North
Carolina Hospitals, a 600-bed acute care facility
that serves as the main teaching hospital for the
University of North Carolina School of Medicine.
All patients selected for the study were intubated
and receiving care in an ICU. Underlying diseases
were as follows: aspirin toxicity, 1;chronic obstruc-
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SUMMARY A group of 14 intensive care unit (ICU) patients were studied to determine if manual
ventilation bags (MVB) could serve as a source of bacterial or fungal pathogens that could colonize
the respiratory tract of intubated patients. A total of 51 cultures were simultaneously obtained of
patient's sputum, the exterior MVB surface, MVB port, and MVB interior (postexhalation valve). Pathogens colonizing or infecting the respiratory tract of intubated ICU patients were frequently simultaneously present on the exterior surface of the MVB and inside the MVB port used to connect
the MVB with the endotracheal tube. In addition, coagulase-negative staphylococci and yeast were
frequently present on the exterior surface of the MVB. The interior of the MVB was usually sterile.
In three instances pathogens were isolated from the MVB before isolation from the patient's sputum.
MVB may serve as a source for colonizing the respiratory tract of intubated ICU patients and/or
the hands of medical personnel. The exterior surface and port of MVB should be cleaned of visible
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debris and disinfected at least once a day.

tive pulmonary disease, 3; neurologic dysfunction
with respiratory failure, 3; leukemia, 1;lung tumor
with respiratory failure, 1; hepatitis, 1; pulmonary
emboli, 1; cystic fibrosis, 1;and respiratory failure
of unclear etiology, 1.At the initiation of the study,
8 patients met our criteria for lower respiratory infection (21); respiratory material obtained via deepsuctioning yielded bacterial growth in all other patients (colonization).
An initial sputum culture was obtained by deepsuctioning in all patients within 24 h of admission.
Each intubated patient was provided with a sterile
MVB for bedside use, which was not routinely
changed during the patient's ICU stay. The MVB
was used daily to ventilate the patient during tracheal suctioning, transport for diagnostic studies,
or urgent ventilation. Hospital infection control
policies did not specify a decontamination frequency while the MVB was in use.
Once patients meeting study criteria were identified, the following cultures were performed simultaneously twice weekly (Monday and Thursday):
deep-suctioned sputum, MVB exterior surface,
MVB port, and MVB interior postexhalation valve
(figure 1).
All cultures of the MVB were performed using
sterile cotton-tipped applicators premoistened with
trypticase soy broth (BBL Microbiology Systems,
Cockeysville, MD) (22). Cultures of the MVB were
obtained by swabbing the exterior surface of the
bag. Cultures of the port were obtained by swabbing the endotracheal tube connector junction of
the MVB and the anterior portion of the flutter
valve in the exhalation valve assembly. Cultures of
the interior of the MVB were obtained by disassembling the exhalation valveand swabbing the posterior side of the assembly. Following sampling,
the cotton applicators wereplaced in trypticase soy
broth with 5070 fetal bovine serum (GIBCO Laboratories, Grand Island, NY) and incubated at 35° C
for 18to 24 h. After incubation, the broth was subcultured onto sheep blood agar and MacConkey
agar. Potential pathogens were identified by standard techniques (23).
After demonstrating the heavy contaminations

of MVB following patient use, we evaluated the
ability of 70070 isopropyl alcohol to disinfect a contaminated MVB. Cultures of the MVB exterior and
port were conducted as earlier except quantitative
cultures were performed. Cultures were obtained
immediately before and 30 s after alcohol disinfection. Disinfection was accomplished by wiping the
outside of the MVB with alcohol-soaked 4 x 4
inch gauze pads, the mouthpiece with an alcohol
towelette, and the inside of the port and around
the flutter valve with an alcohol-saturated COttontipped swab. Approximately 1 min was required
to disinfect the MVB.

Overall, 51 simultaneous cultures of the MVB
and material obtained from the patients by
tracheal aspiration wereperformed. The number of cultures yielding potential pathogens
were as follows: sputum, 48 (94.1070); MVB
exterior surface, 51 (100070); MVB exhalation
port, 49 (96.1 070); and MVB interior, 6 (11.8070).
Gram-negative bacilli were commonly isolated from all sites except the MVB interior
(table 1). Coagulase-negative staphylococci
were commonly isolated from the surface of
the MVB but only occasionally from sputum.
The frequency of isolation of coagulasenegative staphylococci from the MVB port
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Fig. 1. Manual ventilation bag: (A) exterior surface ; (8)
connector junct ion (i.e., port) to endotracheal tube ; (C)
one-way exhalation valve; (D) postexhalation valve
assembly.

was intermediate between that found in sputum and that found on the exterior surface
of the MVB. Except for coagulase-negative
staphylococci, organisms isolated from the
MVB port were found to be simultaneously
colonizing or infecting the patient in 50 of
51 instances (98.0070).
Post-MVB valve cultures were rarely positive. Of the six positive cultures, two were associated with the one-way valve being placed
in the MVB backward. The other four instances occurred in patients with thick, tenacious sputum.
In three instances (5.9%), potential pathogens were isolated from a MVB culture before appearing in the patient's sputum . Pathogens included Enterobacter twice and Pseudomonas ma/tophilia once. Sites of positive
cultures included the MVB port twice and the
exterior surface once.

A total of 12 disinfection trials were performed on a single patient with copious sputum. In all trials the MVB exterior, and in
all but one trial the MVB port, yielded Pseudomonas aeruginosa, Serratia, Enterobacter
cloacae, or a mixture of these organisms . Disinfection reduced the level of exterior contamination from a mean of 1,147 cfu (range
200 to 2,000) to 4 cfu (range zero to 33) and
MVB port contamination from a mean of 130
cfu (range 1 to 700) to zero cfu. Of the 24
postdisinfection cultures only 2, both of the
exterior MVB surface, yielded low numbers
of gram-negative pathogens.
An additional four disinfection trials were
conducted on a patient with thick, tenacious
sputum. All trials yielded Staphylococcus
aureus or E. cloacae contaminating the MVB
exterior and port. Disinfection reduced the
level of exterior contamination from a mean
of > 3,000 cfu (range 3,000 to 3,000+) to 2
cfu (range zero to 6), and MVB port contamination from a mean of 1,296 cfu (range 45
to 5,000) to 101 cfu (range zero to 400). In
this patient with tenacious sputum, although
the levelof contamination was reduced, three
of eight postdisinfection cultures yielded
growth of a pathogen.

* * *
Nosocomial pneumonia is the leading cause
of death attributed to nosocomial infection .
Risk factors for infection include most importantly factors that promote oropharyngeal
colonization with gram-negative bacilli, such
as increased severity of illness, longer duration of hospitalization, previous or concomitant use of antibiotics, advanced age and disability, intubation, and major surgery (I, 2).
Sources for colonization include both endogeno us and exogenous source. The gas-

TABLE 1
MICROBIAL CONTAMINATION OF MANUAL VENTILATION BAGS
BY CULTURE SITE AND PATHOGEN"

Pathogen
P. aeruginosa
Serratia
Candida
Coagulase -negative staphylococci
Enterobacter
P. cepacia
S. aureus
Bacillus
E. coli
P. maltophilia

Total

Patients
with Pathogen
in Sputum

Number of
Isolations
from Sputum

5
3
5
4
3
1
1
1
1
1

25
15
7
6
6§
6
4
1

1
211
73

Number of
Isolations
from MVB
Exterior
19
12
11
32
6
2
3
7
1
1

(19)t
(11)
(1)
(5)
(2)
(2)
(1)
(1)
(1)
(1)

94 (44)

Number of
Isolations
from MVB
Port

Number of
Isolations
from MVB
Interior
Postexhalation
Valve

21 (21)
9 (9)
3 (3)
17 (5)
1 (1)
5 (5)
3 (3)
1 (1)
1 (1)
2 (1)

2 (2):1:
0(0)
0(0)
1 (0)
1 (1)
0(0)
2 (2)
0(0)
0(0)
0(0)

63 (50)

6 (5)

• Represents 51 simultaneous cultures of patient-expectorated sputum and three MVB sites.
Number of isolates from designated locations that were simultaneously cultured from sputum.
Associated with MVB valve placed in MVB backward.
§ Two patients had Enterobacte r isolated from an MVB culture (MVB port, 1: MVB exterior, 1) immediately before being isolated
from the sputum.
IIOne patient had P. maltop hilia isolated from an MVB port culture 14 days before being isolated from the sputum .

t

*

trointestinal tract is the most common endogenous source of colonizing pathogens. An
elevated stomach pH due to administration
of H 2 blockers or antacids has been shown
to lead to increased gastric colonization and
more frequent nosocomial pneumonia (14,
24). Elucidation of these risk factors led to
studies showing that sucralfate used in place
of antacids or H 2 blockers to prevent stress
ulcers can reduce the incidence of nosocomial pneumonia (25) and to studies of prophylactic intratracheal antibiotics to reduce
colonization rates (26).
Contaminated respiratory equipment has
been linked to multiple outbreaks of nosocomial respiratory infections (16). The widespread adoption of techniques to sterilize or
adequately disinfect respiratory therapy
equipment has led to a decrease in infection
due to these devices (8, 15). Our data suggest
that MVB frequently become contaminated
with potential bacterial and fungal pathogens
during use. The patient's sputum servesas the
source for contaminating the MVB port and
exterior surface with gram-negative bacilli.
The finding that the exterior surface of the
MVB also frequently becomes contaminated
with coagulase-negative staphylococci and/or
Candida suggests that this surface may also
become contaminated by flora found on the
hands of medical personnel. Contaminated
MVB may serve as important sources of nosocomial infection in two ways. First, they may
serve as a source for colonizing the hands of
medical personnel who then may crosstransmit such pathogens directly to other patients or colonize respiratory or other medical equipment. Second, they may serve as a
source for introducing pathogens into a patient. The finding that the MVB may occasionally become colonized before colonization of the patient suggests that contamination of MVB, presumably by health care
person nel, may be a means by which pathogens are cross-transmitted between ICU patients . Based on our data, it is not surprising
that contaminated MVB have been linked to
the transmission of nosocomial respiratory
infections (19, 20). Both outbreaks involved
isolating an epidemic strain of A. calcoaceticus from inadequately disinfected MVB. Effective decontamination (i.e., disinfection or
sterilization) of the MVB was associated with
control of both epidemics.
Based on our data, we suggest the following guidelines . First, all medical personnel
should follow universal blood and bloody
body fluid precautions and existing guidelines
to wash their hands before and immediately
after any contact with patients or potentially
contaminated equipment, such as MVB (27).
Second, MVB should be sterilized or highlevel disinfected between patients. Third,
MVB should be cleaned of visible secretions
daily and then disinfected with alcohol. Both
the exterior surface and the MVB exhalation
port should be disinfected . The interior surface of the MVB does not need to be disinfected during routine patient use. If the exhalation port cannot be cleaned of tenacious
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sputum, then it should be disassembled daily
and sterilized or high-level disinfected.
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