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Role of Gastric Colonization in Nosocomial Infections and Endotoxemia:
A Prospective Study in Neurosurgical Patients on Mechanical Ventilation
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The role of gastric microbial colonization in nosocomial infections and endotoxemia was
investigated prospectively in 40 neurosurgical patients requiring mechanical ventilation
for >48 h. Each was studied up to 7 d. Swabs from the nose and oropharynx were cultured
at admission, and aspirates from the stomach and trachea were cultured daily until en
teral alimentation was started. Patients were evaluated every second day for endotoxemia
and coagulation activation. Of 153 gastric aspirates, 66.7~0 contained microorganisms
at a mean quantity of 107 cfu/ml, Nosocomial pneumonia occurred in 15 patients, sep
ticemia in 5, and meningitis in 1.The stomach was the evident source of infection in only
1 patient with pneumonia. Of 140 plasma samples, 12 (8.6070) from 10 patients showed
detectable endotoxin levels, but there was no association between endotoxemia or coagu
lation activation and the presence of microorganisms in the stomach. The stomach was
not an important source for nosocomial infections or endotoxemia, even in patients with
high gastric pH.

Patients admitted to an intensive care unit (ICU)
are often treated prophylactically with histamine-2
(HI) receptor blockers or antacids to reduce the risk
of gastroduodenal stress ulcers and bleeding [I, 2].
The rise of gastric pH induced by such treatment
promotes microbial colonization of the stomach
[3-8]. Gastric microbial growth may predispose to
tracheal colonization in intubated patients [5, 8-10],
and possibly increase the risk for nosocomial pneu
monia. Three recent studies of ICU patients receiv
ing mechanical ventilation showed an association be
tween nosocomial pneumonia and treatment with
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HI-receptor blockers or antacids, but whether the
stomach was a source of the pathogens causing pneu
monia was not evaluated [7, 11, 12).

Moreover, in ICU patients with compromised gas
tric mucosal barrier, colonization of the stomach
might also contribute to the occurrence of coagula
tion activation, endotoxemia, or septicemia result
ing from passage of microbial components or micro
organisms into the blood (4).

We prospectively studied neurosurgical ICU pa
tients to assess the effect of elevated gastric pH on
gastric colonization and to determine whether the
colonized stomach was the source of subsequent nos
ocomial infections. All patients were on prolonged
mechanical ventilation and were studied for the first
week after admission to the ICU. Patients were also
evaluated for endotoxemia and coagulation activa
tion to identify a possible systemic effect of gastric
colonization.

Patients and Methods

The investigation was conducted prospectively in the
surgical ICU of Basel University Hospital from Au
gust 1984to September 1986among patients enrolled
in a randomized controlled trial of ranitidine hydro
chloride and antacids for prevention of gastroduo
denal stress lesions [13]. Patients were selected for
that trial if they had undergone cranial neurosurgery
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for severe trauma or bleeding, and if their neuro
logic condition indicated the need for >48 h of me
chanical ventilation after surgery. Ineligibility criteria
were age <15 y, a history of gastroduodenal surgery
or ulcer disease, current antiulcer treatment, or overt
gastrointestinal bleeding.

Of 248 neurosurgical patients admitted to the ICU
over the defined time period, 97 met the study
criteria. Of these 97, 40 (41010) completed the trial.
The rest were excluded by omission of the house staff
or unobtainable early consent (26 cases), if gas
troduodenoscopy was not performed as required by
the protocol [13] or revealed preexisting ulcer dis
ease (21 cases), or if mechanical ventilation was re
quired ~48 h (10 cases). Additional exclusion criteria
were ongoing infection or therapeutic antibiotic
treatment on admission; however, no patient was ex
cluded for these reasons. Patients were enrolled
within 12 h of admission to the ICU and were fol
lowed for ~7 d if they remained intubated and ven
tilated. Infections occurring within 48 h of extuba
tion were included in the analysis.

The 40 evaluable patients had a median age of 34 y
(range 15-76); 10 were female and 30 were male.
Thirty-seven had severe head injury, associated with
multiple trauma in seven cases, and three had spon
taneous intracranial hemorrhage. Neurosurgery con
sisted of a craniotomy in 27 patients; an intracranial
pressure monitoring device was inserted in the other
13 patients. Twenty-six patients (65010) with multiple
trauma or proven or suspected basilar skull fracture
received parenteral isoxazolyl penicillins or trimeth
oprim/sulfamethoxazole as peri operative prophy
laxis. This treatment was started immediately before
surgery and discontinued 24 h later. Every patient
received mechanical ventilation via an orotracheal
tube and had a nasogastric tube in place. Thirty-four
patients remained intubated and ventilated ~7 d.
Three patients were extubated on day 4, two on day
5, and one on day 6. Nineteen randomly chosen pa
tients received stress ulcer prophylaxis with raniti
dine and antacids to maintain gastric pH ~4; the
other 21 patients received no prophylaxis [13].

The following data were recorded for each patient
daily: highest and lowest values of rectal tempera
ture and blood pressure; white blood cell count
(WBC) with differential counts; creatinine clearance;
and use of antibiotics, Hj-receptor blockers, ant
acids, and vasopressor agents. An anteroposterior
chest radiograph was obtained at admission and then
at least every second day.

415

Microbiologic studies. Upper airway coloniza
tion was assessed by collecting swabs from the nose
and oropharynx plus tracheal aspirates at admission
and by obtaining other tracheal aspirates daily as
long as gastric aspirates were cultured. Tracheal
aspirates were obtained aseptically by suctioning
secretions with a catheter through the orotracheal
tube directly into a sterile secretion trap.

To determine the effect of stress ulcer prophylaxis
on gastric colonization, aspirates from the nasogas
tric tube were obtained daily until enteral alimenta
tion was started (median onset, day 5; range, days
4-7). Gastric juice was aspirated into a sterile vial
after the first 5-10 ml was discarded. An additional
aspirate was used to measure the pH by indicator
paper (E. Merck, Darmstadt, FRG).

Blood cultures were obtained by venipuncture if
septicemia was suspected, or if patients had unex
plained fever >38°C with a WBC above 10 x 10 9/1
plus shift of neutrophils to immature forms. Any
other suspected focus of infection was also cultured.

All clinical specimens were processed and cultured
in the microbiology laboratory of Basel University
Hospital using standard techniques. Staphylococcus
aureus strains were further identified by phage typ
ing. When a bacterial pathogen was isolated, the sus
ceptibility pattern to a standard range of antimicro
bial agents was determined by minimal inhibitory
concentration micromethod [14]. Microorganisms in
gastric aspirates were quantified to correlate the
counts with gastric pH. Tenfold serial dilutions of
gastric aspirates were made in isotonic phosphate
buffered saline, and aliquots of the dilutions from
10-3 to 10-6 were plated on sheep blood agar, Mac
Conkey's and Sabouraud's agars for aerobic cultures,
plus on supplemented trypticase soy agar, neomy
cin agar, and kanamycin-vancomycin blood agar for
anaerobic cultures. The plates were incubated at
35°C. Aerobic bacteria were counted after 24 h in
culture, anaerobes and yeasts after 48 h. The result
ing counts were expressed as log 10 colony-forming
units (cfu)/ml of gastric juice.

Definition of colonization and infection. The
pattern of colonization was examined by compar
ing microbial strains of the same species cultured
from two or more sites. Bacterial strains of the same
species were considered identical when the anti
microbial susceptibility pattern, plus the phage type
for S. aureus, was concordant. In case of concor
dance, a time sequence of strain isolation from dif
ferent sites was assumed to indicate the direction of
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colonization. For a given microorganism, only the
first identifiable transmission sequence was con
sidered.

Tracheal colonization was defined as recovery of
a pathogen in the absence of signs of pneumonia.
Pneumonia was diagnosed when isolation of a path
ogen from tracheal aspirates occurred in combina- .
tion with >25 granulocytes and <10 squamous epi
thelial cells per low-power field on Gram's stain that
was associated with fever >38°C, WBC > 10 x 109/1

with shift of neutrophils to immature forms, and
a new alveolar infiltrate on chest radiograph that
persisted ~2 d. Diagnosis of septicemia was based
on positive blood cultures plus systemic signs of
infection (fever >38°C and WBC >10 x 109/1 com
bined with either hypotension requiring vasopres
sor agents, renal failure, or disseminated intravas
cular coagulation [DIC]). The presence of these
conditions or of signs of other infections was as
sessedindependently by two investigators (P. R. and
W. Z.); a third opinion was obtained in cases of dis
agreement.

Endotoxin and coagulation tests. The presence
of plasma endotoxin and of coagulation activation
was assessed at admission and then every second
day. For the endotoxin test, 10ml of blood was col
lected by venipuncture in pyrogen-free tubes (Vacu
tainer; Beckton-Dickinson, Rutherford, NJ), to
which 250 USP units of pyrogen-free heparin (Li
quemin; Hoffmann-La Roche, Basel, Switzerland)
had been added. The sample was processed to
platelet-rich plasma by centrifugation at 200 g for
10min at 4°C. To remove endotoxin inhibitors, the
plasma was diluted 1:10in distilled, sterile, pyrogen
free water and heated at 75°C for 5 min according
to the method of Harris et al. [15]. The sample was
then stored in aliquots at -70°C until further test
ing, as long-term storage is not associated with loss
of endotoxin activity [15]. The assay was accom
plished by using the chromogenic substrate S 2423
(Kabi Diagnostica, Stockholm), and a result of ~10
pglml was considered positive [15].

Fibrinogen, platelet counts, fibrin(ogen) degra
dation products, ethanol gelation, reptilase time,
and factor V were measured to provide a semiquan
titative score for DIC. Simultaneously, plasma pre
kallikrein (PK) and antithrombin III (AT-III) were
measured. The methods to determine these
parameters and to calculate the DIC score have been
described [16].DIC score were0-13; 13was the most
severe DIC.
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Statistical analyses. The method of Buser et al.
[17] was used to evaluate the statistical association of
identical strains of aerobic gram-negative bacilli or
gram-positive cocci cultured from two sites. Every
organism that could potentially be isolated was as
signed to a precise position on both an x- and y-axis
delimiting a square area, the axes representing clin
ical specimens from two different culture sites (e.g.,
x-axis, gastric aspirate; y-axis, tracheal aspirate).
When organisms were cultured from both speci
mens, each association between two organisms from
different sites determined a position on the square
area. Identical strains at both sites defined positions
in a diagonal cluster between the two axes. The prob
ability that this diagonal clustering was significantly
different from a random distribution or from other
clusters was assessed by 'X} test with Yates' correc
tion or, if necessary, by the coefficient of disper
sion test [17].

Analysis of other data was done using the Spear
man rank correlation coefficient test for continuous
variables and Fisher's exact test for dichotomous
variables. P < .05 was considered significant.

Results

Microbiological results. The type and frequency
of aerobic gram-negativebacilli, gram-positivecocci,
and yeasts isolated from gastric and tracheal
aspirates are shown in table 1.

Two-thirds (102) of 153gastric aspirates contained
microorganisms. In these 102aspirates, gram-nega
tive bacilli were found in 22010, gram-positive cocci
in 57010, anaerobic bacteria in 30070, and yeasts in
64%. The average quantity of microorganisms in
each of these subgroups was between lQ6 and lOS
cfulml throughout the sampling period. Gram
negative enteric bacilli were recovered from gastric
aspirates of 11 (27.5010) of the 40 patients.

There was a positive correlation between gastric
pH and log concentration of gram-negative bacilli
(rs = .300, P = .0001), gram-positive cocci (rs =

.675, P < .00001), anaerobes (rs = .501, P < .00001),
and yeasts (rs = .252, P = .00(8). Ninety-five per
cent of gram-negative bacilli, 93070 of gram-positive
cocci, 97070 of anaerobes, and 58010 of yeasts were
recovered from gastric aspirates with pH ~4.

Gastric aspirates in the same pH range (pH, ~4
or <4) were compared between patients receiving
stress ulcer prophylaxis and patients without such
treatment. There was no difference in quantity or
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Table 1. Aerobic gram-negative bacilli, gram-positive cocci, and yeasts isolated from gastric and tracheal aspirates
of 40 neurosurgical intensive care unit patients receiving mechanical ventilation.

Gastric aspirate (n = 153) Tracheal aspirate (n = 157)

No. of samples No. of patients No. of samples No. of patients
Microorganism with growth culture-positive Microorganism with growth culture-positive

Gram-negative bacilli
Escherichia coli 10 4 Hemophilus influenzae 76 30
Enterobacter cloacae 3 2 Enterobacteriaceae 18 14
Klebsiella species 3 2 E. coli 12 4
H. influenzae 3 3 Pseudomonas aeruginosa 6 4
Proteus vulgaris 2 1 Proteus mirabilis 5 2
Pro mirabilis 2 2 Acinetobacter species 4 3
Enterobacteriaceae 2 2 En. cloacae 3 3
Proteus rettgeri 1 1 Klebsiella species 3 3

Serratia species 1 1
Gram-positive cocci

Streptococcus species 59 28 Streptococcus species 78 33
Staphylococcus aureus 5 3 S. aureus 53 19

Coagulase-negative 10 7
staphylococci

Yeasts
Candida species 65 24 Candida species 15 10

pattern of microbial growth, indicating that pH was
the determining factor for microbial growth rather
than other drug effects.

The frequency and sequence of isolation of iden
tical bacterial strains cultured from different sites is

shown in table 2. There was a significant associa
tion of identical strains of gram-negative bacilli or
gram-positive cocci isolated from both the stomach
and the trachea, but no consistent direction of trans
mission that implicated the stomach as an impor-

Table 2. Identical bacterial strains" recovered from different culture sites
and sequence of isolation in the 40 study patients.

No. patients Sequence of isolation
with identical

strains at First at First at At sites A/B
Sites A/B sites A + B pt site A site B simultaneously

Gram-negative bacilli
Nose/stomach 3 ns 1 t 2
Oropharynx/stomach 4 ns 2 t 2
Stomach/trachea 10 .001 3 4 3
Nose/trachea 4 <.001 3 t 1
Oropharynx/trachea 4 <.001 3 t 1

Gram-positive cocci
Nose/stomach 7 ns 4 t 3
Oropharynx/stomach II .005 8 t 3
Stomach/trachea 28 <.001 7 12 9
Nose/trachea 18 <.001 6 t 12
Oropharynx/trachea 17 <.001 8 t 9

• Strains of the same bacterial species considered identical when antimicrobial sus
ceptibility pattern (plus phage type in case of Staphylococcus aureus) was concordant.

t The statistical association of identical bacterial strains at two sites was evaluated
by the method of Buser et aI. [17J. ns indicates P ;:;J!: .05.

t Because swabs from the nose and from the oropharynx were systematically col
lected only at study onset, these transmission sequences were not evaluable.
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Table 3. Nosocomial infections occurring among the 40 study patients dur-
ing the first week of mechanical ventilation or within 48 h of extubation.

Treatment Perioperative
Median day Case with antibiotic

Rate,· of onset fatality, ranitidine, prophylaxis,
Type of infection no. (010) (range) no. no. no.

Pneumonia 15 (37.5) 4 (2-9) 2 7 to
Meningitis I (2.5) 5 1 0 I
Septicemia 5 (12.5) 6 (5-7) 0 I 4
Infection without

identifiable source t 3 (7.5) 3 (3-5) 0 2 3
No infection during

study period 18 (45.0) to II

NOTE. Treatment with ranitidine was with or without antacids.
• Two patients developed both pneumonia and septicemia. No other patient had

more than one type of infection during the study period.
t Systemic signs of infection as defined in the absence of an identifiable focus of

infection.
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• All cultured pathogens potentially involved in causing pneu
monia are listed in their respective combination.

Table 4. Microorganisms associated with pneumonia
and septicemia in 40 study patients.

tant source of tracheal colonization. In three pa
tients, gram-negative bacilli were detected in the
stomach before isolation from the trachea. However,
in two of the three cases the organisms were simul
taneously recoveredfrom other sites (Klebsiellapneu
moniae in the nose; Proteus mirabilis in the
oropharynx). Only in one patient was the organism
(Escherichia coil) initially isolated exclusively from
the stomach, indicating that tracheal colonization
may have originated from the gastrointestinal tract.
The patient developed subsequent pneumonia
caused by this organism.

Nosocomial infections. Nosocomial infections
during the defined observation period are shown in
table 3. The two deaths from pneumonia (one caused
by S. aureus/Hemophi/us influenzae, the other by
Pseudomonas aeruginosa) occurred on days 24 and
26 after admission to the ICU. One patient with a
cerebrospinal fluid leak developed signs of bacterial
meningitis and died on day 20. A causative patho
gen was not identified.

There were no significant differences in the rates
of either pneumonia or septicemia between patients
with and without stress ulcer prophylaxis.

The organisms most frequently associated with
pneumonia were H. influenzae (seven cases), S. au
reus (six cases), and Streptococcus pneumoniae
(three cases; table 4). Most of the bacterial strains
that caused pneumonia werefirst detected in tracheal
aspirates. Septicemia was caused by S. aureus in four
of five cases; in three cases this organism was also
recovered from the tip of an intravenous catheter.

Microorganisms

Pneumonia"
Staphylococcus aureus/

Hemophilus influenzae
S. aureus

H. influenzae/
Streptococcus
pneumoniae

H. influenzae/
Str. pneumoniae/
S. aureus

H. influenzae,
secondary Pseudo
monas aeruginosa

E. coli

Acinetobacter
Klebsiella pneumoniae

P. aeruginosa
Undefinable (mixed flora)

Septicemia
S. aureus

E. coli

No. Sites of
of cases first isolation

3 Tracheal aspirate
2 Tracheal aspirate,

blood

2 Tracheal aspirate

Tracheal aspirate

I Tracheal aspirate
2 Gastric juice,

oropharynx/
tracheal aspirate

Tracheal aspirate
Nose/tracheal

aspirate
Tracheal aspirate

4 Nose, tracheal
aspirate; nose/
oropharynx/
tracheal aspirate;
wound

Oropharynx/
tracheal aspirate
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Plasma endotoxin and coagulation studies. Of
140 plasma samples, 12 (8.6070) from 10 patients had
detectable endotoxin concentrations at a median of
26.2 pg/ml (range, 15.9 to >1(0). Table 5 summa
rizes the coagulation studies. In both a time-indepen
dent and a time-dependent analysis, there was no
statistical association between the occurrence of gas
tric aspirates containing >106 cfu/ml of gram
negative bacilli, gram-positive cocci, anaerobes, or
yeasts and either endotoxemia or changes in any of
the coagulation parameters.

Discussion

The results of this study confirm that intragastric
microbial growth is pH-dependent [18-20] and
promoted by treatment with Hs-receptor blockers or
antacids [3-8]. However, our data do not support
results from previous studies on intubated ICU pa
tients, which suggested that gastric colonization was
a significant risk factor for subsequent tracheal col
onization or pneumonia [5, 8-10].

Two-thirds of gastric aspirates collected during the
study contained microorganisms, and 11 patients
(27.5%) had gram-negative enteric bacilli cultured
from the stomach. Moreover, 10 patients had iden
tical strains of gram-negative bacilli in gastric and
tracheal aspirates, but the stomach appeared to be
the exclusive source of tracheal colonization and
pneumonia in only one case.

Most of the bacterial strains causing pneumonia
in this study were first detected in tracheal aspirates.
It has been clearly demonstrated that the oropharynx
can be a significant source of tracheal colonization
and pneumonia for S. aureus [21],H. influenzae [22],
or gram-negative bacilli [23] in intubated patients.
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Since tracheal colonization rarely results from con
taminated respiratory assistance devices [24], the
microorganisms most often penetrate the trachea
during intubation [21] or thereafter when the en
dotracheal tube alters or bypasses local defense
mechanisms [23, 25J. The patients were already
intubated when they were enrolled in our study.
Therefore, the nasooropharynx could have been an
important source of the microorganisms cultured
from tracheal aspirates that caused pneumonia. This
is supported by the fact that bacterial strains recov
ered from the nose or from the oropharynx at study
onset were significantly correlated with identical
strains isolated from tracheal aspirates.

Previous reports suggest that the stomach is an
additional source of organisms colonizing the tra
chea in intubated patients with high gastric pH [5,
8-10]. Six of 10 patients on mechanical ventilation
reported by Atherton and White [10] had identical
gastric and tracheal bacteria, and in three of these
the organism was found in the stomach at least 1 d
earlier than in the trachea. Of 60 patients studied
by du Moulin et al. (5) in a respiratory ICU, 17 had
a definable sequence of microbial transmission be
tween stomach and trachea; in 11 cases the microor
ganism was first isolated from the stomach. In a more
recent study of 142 patients receiving acid-reducing
stress ulcer prophylaxis, 45 patients had an organ
ism in the stomach that was also isolated from the
trachea 1-2 d later [8). However, none of the three
reports mentioned oropharyngeal culturing, so the
oropharynx as an important source of pathogens
[21-23] may have contributed to gastric and tracheal
colonization in all three studies. Treatment with H z

receptor blockers or antacids may predispose to
pneumonia in intubated patients [7, 11, 12), but the

Table 5. Results of coagulation studies over time in the study population.

DIC score* 070 xr-mt % PKt
Day of
sample, Mean ± SO Mean ± SO Mean ± SD
no. patients (range) (range) (range)

Day 1,40 4.2 ± 1.86 (1-8) 83 ± 13 (59-117) 73 ± 16 (42-120)
Day 3, 40 3.2 ± 1.86 (1-6) 92 ± 15 (68-127) 64 ± 14 (31-95)
Day 5, 39 3.2 ± 1.43 (0-7) 100 ± 17 (50-139) 59 ± 15 (36-97)
Day 7, 28 3.1 ± 1.12 (1-6) 103 ± 16 (67-125) 59 ± 15 (26-95)

NOTE. OIC = disseminated intravascular coagulation, AT-III = antithrombin
III, PK = prekallikrein.

* DIC score as defined [16], ranging from 0 to 13; 13 = most severe DIe.
t Normal values [16]: AT-III 80%-120%, PK 75%-125%.
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significance of gastric colonization as a source of
the pathogens causing pneumonia needs to be fur
ther defined.

The difference between our data and results from
previous studies may be partly related to character
istics of our patient population. We studied exclu
sively neurosurgical ICU patients who did not re
quire abdominal surgery. Most trials wereconducted
among patients with various underlying diseases and
included also patients with abdominal surgery [5,
8, 10]and paralytic ileus [10]. The median age in our
patient population was 34 y, whereas patients in pre
vious studies had mean ages from 47 to 65 y [5, 9,
10].Differences in these factors could have affected
gastric colonization [26] and may have reduced the
risk of subsequent tracheal colonization among our
patients.

In our series, the rate of nosocomial pneumonia
during the first week of mechanical ventilation was
37.5070, which is in the range of other studies that
reported rates of 21070-52% [5, 8, 11]. The patho
gens most frequently associated with pneumonia
were H. influenzae, S. aureus, and Str: pneumoniae.
Nosocomial pneumonia is commonly caused by
gram-negative bacilli [27], but a high incidence of
S. aureus pneumonia in neurosurgical patients receiv
ing mechanical ventilation has previously been de
scribed [21, 28].

In our study, the rate of nosocomial septicemia
was 12.5070. Four of five cases were caused by
S. aureus, the organisms responsible for t'V20OJo of
endemic hospital-acquired bacteremias [29, 30]. In
a large study of surgical ICU patients, bacteremia
was identified in 14.4070 [25]. In that study, an addi
tional 13070 of patients developed "nonbacteremic
sepsis," that is a clinical picture of sepsis without
positive blood cultures. High gastric bacterial counts
might be a source for endotoxin or other microbial
components in the blood and could explain the con
dition of nonbacteremic clinical sepsis [4]. Our data
do not support the hypothesis that gastric microbial
colonization results in endotoxemia, coagulation ac
tivation, or septicemia in ICU patients without gas
tric surgery.

In conclusion, gastric microbial growth is com
mon in ICU patients with high gastric pH. However,
the role of gastric colonization in the occurrence of
nosocomial infections has not yet been clearly de
fined. The results of our study indicate that the col
onized stomach is not an important source of noso-
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comial infections or endotoxemia in neurosurgical
ICU patients receiving mechanical ventilation.
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