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Abstract. We have studied the temporal  relationship for 
the same micro-organisms between gastric colonization 
and both nasopharyngeal  colonization and major  clinical 
infections in 100 consecutive, long-stay, intensive care pa- 
tients. 67~ of  patients developed positive gastric cul- 
tures, mainly with aerobic Gram-negative bacilli and 
C. albicans; 33~ developed positive nasopharyngeal  cul- 
tures with similar organisms,  but in only 8% was the 
same organism previously cultured from the stomach; 
48% of  patients developed infections, mainly respiratory, 
but  commonly  with different organisms. The presence of  
a positive gastric culture was not associated with gastric 
pH,  bleeding, severity of  illness, or mortality. The results 
fail to confirm that  an ascending migration of  organisms 
f rom the stomach is frequent or that  there is a relation- 
ship between gastric colonization and clinical infections. 
Firm therapeutic recommendat ion in these areas may be 
premature. 

Key words: Gastric colonization - Nosocomial  infec- 
tions - Gastric acid - Selective decontamination 

Gastric stress ulceration with consequent bleeding was a 
major  complication of  serious illness in previous years 
and carried substantial morbidi ty and mortali ty [1, 2]. 
Stress ulcer prophylaxis has therefore been practised rou- 
tinely in such patients, and clinicians have commonly  
used a parenteral H2 antagonist for this purpose [1 -3] .  
Either because of  this or because of  other factors, gastric 
stress ulceration and haemorrhage have become uncom- 
mon  problems in the seriously ill [2]. 

More recently, however, it has been suggested that  
such forms of  stress ulcer prophylaxis may contribute to 
an increased incidence of  nosocomial  infections, particu- 
larly pneumonia.  This sequence of  infection has been 
considered to commence with gastric colonization, par- 
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ticularly with Gram-negative aerobic bacilli, due to loss 
of  antimicrobial protection afforded by gastric acidity 
and consequent proximal migration of  enteric bacteria 
f rom the large intestine [4-8] .  Subsequent nasopharyn- 
geal colonization occurs and later nosocomial pneumo- 
nia, septicaemia, perhaps infections elsewhere and possi- 
bly multiorgan failure [9-12] .  

Selective decontamination of  the digestive tract (SDD, 
or selective parenteral and enteral antibiotic regimen, 
SPEAR) has been reported to interrupt this process by 
preventing gastric and nasopharyngeal  colonization [11, 
13 - 17]. However, this a costly and messy technique, and 
other prophylactic strategies may be both more logical 
and more practical, depending on whether gastric stress 
ulceration is or is not still a potential problem, and 
whether its current prophylaxis is or is not harmful. 

The present study was designed to provide informa- 
tion which would guide selection among  these options for 
further formal study. The incidence and type of  gastric 
colonization were studied in a large consecutive group of  
long-stay, critically ill patients, and the results were relat- 
ed both quantitatively and temporally with nasopharyn- 
geal colonization, infectious complications, gastric p H  
and bleeding, and the patient 's  underlying conditions. 

Patients and methods 

Patients 

The patients studied were consecutive admissions to a general Intensive 
Care Unit (ICU) who were critically ill and expected to stay for at least 
one week (i.e. defined for the purpose of this study as long-stay). This 
group of patients was considered to be the most scientifically efficient 
to study because the anticipated high rate of colonization and of infec- 
tion would give the greatest chance of demonstrating the relationship 
sought and would reduce the likelihood of a false-negative result. 

The further criteria for entry were the presence of a nasogastric tube 
and the routine administration of H2 antagonist medication (ranitidine 
50 mg IV b.i.d, in a standard dose in all patients). The study did not en- 
tail any new patient procedures or treatment. 

The only criteria for exclusion were current haematemesis, known 
upper gastrointestinal tract pathology or enteral feeding (thus, the pa- 
tients studied had gastrointestinal ileus and were parenterally fed as 
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soon as feeding was clinically indicated). Patients were withdrawn from 
the study when enteral feeding commenced, as this could affect the in- 
ter-relationships among gastric stasis, stress ulceration and coloniza- 
tion. Patients were not withdrawn if they in fact stayed for less than one 
week, so that an intention-to-treat format could be preserved which 
might form a basis for any therapeutic trial that might follow. 

Procedure 

Surveillance cultures of gastric aspirate and nasopharyngeal swabs were 
made thrice weekly for the duration of admission, as reported by others 
[16]. The presence of enteric Gram-negative aerobic bacilli, methicillin- 
resistant S. aureus (MRSA) and C. albicans were specifically sought. 
The methods comprised standard techniques of direct plating of sam- 
ples onto blood agar, identification of the organisms sought, semiquan- 
titative determination of orgnism numbers and antibiotic susceptibility 
testing [16, 18]. 

Diagnostic cultures were performed on usual clinical grounds in 
cases of respiratory or other infections for the presence and identifica- 
tion of pathogens. In particular, the temporal relationships of cultures 
of the same micro-organism from different sites were recorded. 

The criteria for the diagnosis of nosocomial or secondary infection 
were according to CDC definitions [19]. The diagnosis of community- 
acquired or primary infection required that it be present either on, or 
within 48 h of, admission to ICU. The criteria for the diagnosis of colo- 
nization were positive results from the surveillance cultures and referred 
only to the stomach or throat. 

Gastric pH (using pH strips, Merck, Darmstadt, Germany) and 
bleeding (using Gastroccult slides, Smith Kline Diagnostics, California, 
USA) were measured on the same aspirate that was cultured. Patient de- 
mographic data were recorded, including underlying condition, severity 
of illness, duration of ICU stay, presence of multi-organ failure and out- 
come. Severity of illness was assessed using the severity of illness class 
[20] and the therapeutic intervention scoring system (TISS) [21]. Multi- 
organ failure (MOF) was defined by usual criteria [22]. 

Analys i s  

Statistical analyses were by xZ-test for discontinuous variables and un- 
paired t-test for continuous variables using conventional levels of proba- 
bility. For continuous variables which were not normally distributed, 
normalization was achieved by transformation. 

Ethics  

The study was approved by the Hospital's Board of Medical Research. 

Results 

There were 100 consecutive patients studied during a 
12-month period. This represented 11% of  all admissions 
to the ICU during this time, since the average duration of  
stay of  all patients was 4.0 days and nearly 9007o of admis- 
sions were of  less than one week in duration. 

The patient details are shown in Table i and the mi- 
crobiological details in Table 2. Of  the patients 59o70 were 
men, the average age was 63 years (range 18 -87  years), 
the average stay in hospital before ICU admission was 
4.7 days (range 0 - 4 5  days) and the average ICU stay was 
16.2 days (range 2 - 7 5  days). Of  the patients 98070 were 
mechanically ventilated, 7407o had multi-organ failure, 
89% had a severity of  illness class of  4 (the remainder had 
class 3), the average TISS score was 62 (range 25-100)  
and the mortali ty was 5407o. The average gastric pH was 
4.4 (range (2-7 .5)  and the average lowest gastric pH was 
3.6 (range 1-7.5) .  All patients had occult gastric bleed- 
ing, which was slight in 24%, mild in 32070 and moderate 

in 33%; in 6 patients gastric bleeding was macroscopical- 
ly visible, and in one patient it was clinically significant. 

Patients with positive and negative gastric cultures 
were comparable (Table 3), except that positive gastric 
cultures were strongly associated with positive throat  cul- 
tures (p = 0.0001) and with the duration of  ICU stay 
(p = 0.0001). The duration of  ICU stay was also strong- 
ly associated with the development of  infection 
(p = 0.0001). An average of  3.6 gastric and throat  cultures 
were taken per patient, with the average number  of  posi- 
tive gastric cultures being 2.2 (range 0 - 2 1 )  and of  posi- 
tive throat  cultures being 1.2 (range 0 -11 ) .  The average 
time after ICU admission until cultures became positive 
was 4.9 days (range 1 - 2 1  days) for gastric cultures and 
6.2 days (range 1 - 2 6  days) for throat  cultures. 

The micro-organisms isolated from gastric and throat  
cultures were substantially similar, as shown in Table 4, 
although in accord with previously reported studies [16] 
detailed typing was not done. 

Approximately half  of  the patients (48070) developed 
clinically significant infection, mostly respiratory but of- 
ten at other sites. The average time after ICU admission 
until the diagnosis o f  infection was 5.6days (range 
1 - 13 days). The relationship of  the gastric culture result 
to these infections is shown in Table 5, in which it can be 
seen that there was no significant association between the 
presence of  a positive gastric culture and the development 
of  infection. Moreover, the micro-organisms involved in 
infections were substantially different from those cul- 
tured f rom the stomach or throat  (Table 6). 

For the same micro-organisms, a positive gastric cul- 
ture preceded a positive throat  culture in 15 patients 
(2507o of  those with positive throat  cultures), but a posi- 
tive throat culture preceded a positive gastric culture in 
seven patients (10070 of  those with positive gastric cul- 
tures). In a further 19 patients, the same micro-organism 
appeared simultaneously in both  gastric and throat  cul- 
tures. A positive gastric or throat  culture preceded an in- 
fection with the same micro-organism in eight patients 
(17070 of  patients with infections) with infections in a to- 
tal of  15 sites, with respiratory and urinary tract infec- 
tions being of  equal frequency in this latter regard ( 6 
each): the stomach was first involved in 7 infections (in 
3 patients), and the throat  in 4 infections (in 2 patients); 
in a further 4 infections with the same micro-organism (in 
3 patients), the stomach and throat  were involved simul- 
taneously. 

Discussion 

The high incidence of  gastric colonization in seriously ill 
patients shown in the present study is in accord with pre- 
vious reports, except that the present incidence is general- 
ly higher [6 -8 ,  11]. This may be because the present 
study concerned the sickest and longest staying intensive 
care patients, who would presumably be most  likely to 
become colonized. 

In brief, 6707o of  patients developed positive gastric 
cultures. This occurred on average on the fifth day of  ad- 
mission to the ICU or tenth day of  hospital admission, 
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Table 1. Patient  details 

No Sex Age Diagnosis Class TISS IPPV MOF Died Day 1 Day 2 GCpos Day 3 TCpos Day 4 Inf  Day 5 p H  

1 M 32 Burns 4 43 Y N N 0 8 2.5 
2 M 79 Renal failure 4 38 Y N N 20 7 + 1 + l 5.0 
3 M 62 Mult i - t rauma 4 68 Y Y Y 0 15 + 11 + 11 R 5.0 
4 M 66 Bowel obstruction 4 36 Y N N 12 7 + 5 2.9 
5 F 57 Abdomina l  bleeding 4 60 Y Y N 16 18 O 4.1 
6 M 51 CMV pneumonia  4 77 Y Y Y 0 11 + 3 4.3 
7 F 78 Peritonitis 4 46 Y Y Y 4 8 5.0 
8 F 52 Peritonitis 4 78 Y Y Y 3 27 + 2 + 2 U W  4.7 
9 F 74 Pancreatitis 3 25 Y Y N 1 20 + 2 + 12 R 13 3.8 

10 M 69 A A A  3 63 Y N N 0 33 + 4 3.8 
11 F 75 Peritonitis 4 62 Y Y N 0 30 + 2 + 14 4.0 
12 M 19 Head injury 4 48 Y N N 0 t3 + 7 4.3 
13 M 67 GIT bleeding 4 64 Y Y N 0 15 + 3 + 3 2.5 
14 M 31 Mult i - t rauma 4 94 Y Y N 0 75 + 3 + 3 RUW 8 5.0 
15 M 36 Pneumon ia  4 46 Y Y Y 0 13 + 6 + 6 RS 4 3.8 
16 M 62 Mul t i - t rauma 4 70 Y Y Y 0 15 + 4 + 2 R 4.8 
17 F 72 CMV colitis 4 60 Y Y Y 11 9 + 2 U W  3.8 
18 F 74 Pancreatitis 4 71 Y Y Y 5 l 8 O 3.5 
19 M 21 Head  injury 4 30 Y N N 0 4 + 1 2.0 
20 F 23 Renal failure 4 42 Y Y N 0 15 S 4.0 
21 M 68 Pneumon ia  4 78 Y Y Y 0 6 + 3 4.5 
22 M 64 Legionnaire 's  4 55 Y Y N 0 38 + 5 + 12 RS 4 3.8 
23 F 57 Atypical pneumonia  4 75 Y Y N 0 28 + 5 + 3 U 9 5.0 
24 F 70 Atypical pneumonia  4 33 Y Y N 4 43 + 4 + 9 RUO 4.7 
25 F 80 Tetanus 4 58 Y N Y 0 23 + 9 + 9 R 4.5 
26 M 19 Leukaemia  4 63 Y Y Y 23 14 + 9 3.0 
27 F 68 Cardiac arrest 4 74 Y Y N 0 23 + 1 R 4.3 
28 M 65 Pancreatitis 4 56 Y N N 5 18 R 3.8 
29 F 32 Burns 4 32 Y N N 0 14 4.7 
30 M 66 A A A  4 89 Y Y N 0 41 + 2 + 2 R 4 3.5 
31 M 66 Atypical pneumonia  4 56 Y Y Y 5 6 + 3 + 5 R 1 5.0 
32 F 76 Bowel obstruction 4 77 Y Y N 0 i0 4.5 
33 M 76 A A A  3 70 Y Y Y 0 9 + 3 + 3 3.7 
34 M 41 Pneumon i a  4 78 Y Y Y 1 3 R 4.5 
35 M 51 Oesophagectomy 4 52 Y N N 2 15 + 3 + 3 3.0 
36 M 18 Mul t i - t rauma 4 87 Y N Y 0 11 5.0 
37 M 80 GIT bleeding 4 34 Y Y Y 5 8 + 3 + 3 4.8 
38 F 81 Cardiac arrest 4 65 Y Y Y 0 3 4.3 
39 M 70 Endocarditis 3 31 Y Y N 15 24 + 3 + 3 R 4 4.5 
40 F 25 Encephalopathy 4 62 Y Y Y 3 11 3.4 
41 M 59 Respiratory failure 4 41 Y N N 5 6 + 2 + 2 3.0 
42 M 20 Leukaemia  3 51 Y Y Y 18 12 RS 2.5 
43 M 68 AMI  4 62 Y Y N 0 12 + 2 + 2 R 2 4.8 
44 M 75 AMI  4 47 Y Y Y 17 22 + 12 + 12 R 1 4.9 
45 M 66 Pneumonia  4 56 Y Y N 0 33 2.8 
46 M 61 Leukaemia  4 51 Y Y Y 2 7 + 2 6.5 
47 F 87 Mul t i - t rauma 4 33 Y Y Y 0 5 + 3 + 3 7.5 
48 M 55 GIT bleeding 4 83 Y N N 12 9 + 2 R 7.5 
49 F 63 Pneumon ia  4 45 Y N N 0 10 + 4 3.2 
50 F 50 Pneumon ia  3 55 Y N N 28 14 + 3 + 3 W 5.5 
51 F 62 Peritonitis 4 80 Y Y Y 2 20 + 2 + 2 R 4.8 
52 F 25 Leukaemia  4 64 Y N N 4 16 + 8 5.3 
53 M 49 Meningitis 4 79 Y Y Y 3 7 5.5 
54 M 50 A s t h m a  4 60 Y N N 0 11 R 3.5 
55 M 77 A A A  4 100 Y Y Y 1 7 3.0 
56 F 72 Cardiogenic shock 4 83 Y Y Y 5 6 3.0 
57 M 73 Pneumon ia  4 63 Y Y Y 2 6 R 6.0 
58 M 60 Cardiogenic shock 4 59 Y Y N 4 8 6.0 
59 M 57 Septicaemia 4 80 Y Y Y 0 2 S 2.0 
60 M 39 Status epilepticus 3 54 Y N N 9 3 R 3.0 
61 M 73 A A A  4 88 Y Y Y 0 31 + 1 RU 9 4.5 
62 F 68 Pancreatitis 4 57 Y Y Y 0 6 + 3 6.5 
63 F 81 Cardiogenic shock 4 68 Y Y N 0 3 6.0 
64 F 59 Psittacosis 4 58 Y Y N 1 10 R 6,0 
65 M 70 Renal failure 4 94 Y Y Y 1 19 S 6.0 
66 F 78 Pneumon ia  4 57 Y Y Y 0 16 + 10 + 10 R 5.0 
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Table 1 (continued) 

No Sex Age Diagnosis Class TISS IPPV MOF Died Day 1 Day 2 GCpos Day 3 TCpos Day 4 Inf  Day 5 pH 

67 M 59 Fournier 's  gangrene 4 90 Y Y N 4 17 RW 5.5 
68 F 68 A A A  4 81 Y Y Y 0 16 + 4 5.2 
69 M 60 Pneumon ia  4 72 Y Y Y 1 6 + 5 4.3 
70 F 37 Septic shock 4 86 Y Y Y 5 21 + 3 + 6 R 8 4.5 
71 M 25 Mult i - t rauma 4 57 Y N N 1 12 + 4 + 12 4.0 
72 M 76 Pancreatitis 4 55 Y Y Y 18 13 + 1 + 11 R 5.5 
73 M 72 Peritonitis 4 59 Y Y Y 0 29 + 3 + 8 UR 12 4.5 
74 M 82 A A A  4 58 Y Y Y 0 4 + 2 + 3 4.5 
75 M 79 Respiratory failure 4 50 Y Y N 3 10 + 2 + 2 R 2 3.3 
76 F 69 Cardiogenic shock 4 75 Y Y Y 3 13 + 11 + 7 3.5 
77 M 62 Peritonitis 4 82 Y Y N 15 30 + 12 + 26 RW 4.5 
78 M 71 Pancreatitis 4 97 Y Y Y 15 9 + 7 + 7 2.5 
79 M 77 Peritonitis 3 38 Y Y N 13 14 + 2 + 2 W U  2 2.8 
80 M 24 Mult i - t rauma 4 56 Y N N 0 17 + 5 + 5 3.3 
81 F 41 Pancreatitis 3 45 Y N N 24 2 2.5 
82 M 64 Peritonitis 4 61 Y Y Y 12 37 + 18 + 4 O 3.5 
83 M 39 Pancreatitis 3 30 N Y N 2 8 4.8 
84 F 80 GIT bleeding 3 37 Y Y Y 5 2 + 2 + 2 6.0 
85 M 68 Mediastinitis 4 69 Y N Y 0 27 + 21 + 19 2.8 
86 M 64 Cholangitis 4 49 Y N N 24 12 + 4 + 4 S 1 3.0 
87 M 77 A A A  4 49 Y Y Y 10 19 + 4 + 4 3.0 
88 M 46 Legionnaire 's  4 84 Y Y Y 0 26 + 2 + 2 R 6 5.0 
89 F 68 AMI  4 50 N N N 0 6 3.0 
90 M 44 CMV pneumonia  4 43 Y Y Y 45 20 + 18 4.0 
91 F 46 MOF 4 77 Y Y Y 0 16 6.8 
92 F 34 Leukaemia  4 62 Y N Y 3 8 5.3 
93 M 66 Pneumon ia  4 60 Y Y Y 1 6 3.0 
94 M 63 Peritonitis 4 48 Y Y Y 6 17 + 12 R 4.8 
95 M 74 Peritonitis 4 98 Y Y Y 5 60 + 2 + 1 RW 5.0 
96 F 18 L y m p h o m a  4 58 Y Y Y 1 14 + 5 + 5 4.0 
97 M 60 Mult i - t rauma 4 89 Y N Y 0 12 + 3 + 3 4.0 
98 M 71 Peritonitis 4 90 Y Y N 0 66 + 9 + 14 S 5.5 
99 F 63 Peritonitis 4 98 Y Y Y 0 26 + 2 UR 11 7.0 

100 F 64 Renal failure 4 70 Y Y N 2 13 + 5 + 10 7.0 

For Diagnosis, CMV is cytomegalovirus,  A A A  is abdominal  aortic aneurysm,  GIT is gastrointestinal tract, AMI is acute myocardial  infarction 
and MOF is mult i -organ failure; IPPV is intermittent positive pressure ventilation (i.e. mechanical  ventilation); Day 1 is no.  of  days in hospital 
before admission to ICU; Day 2 is no.  o f  days in ICU; GCpos is positive gastric culture; Day 3 is ICU day of  first positive gastric culture; TCpos 
is positive throat  culture; Day 4 is ICU day of first positive throat  culture; Inf  is infection with R = respiratory, U = urinary, W = wound,  
S = septicaemia and O - other; Day 5 is first ICU day of  infection if same organism as gastric or throat culture; pH is average gastric pH 

Table 2. Microbiological details 

No. Gastric cultures Throat  cultures Infections 

2 E. aerogenes E. aerogenes, K. pneumoniae 
3 C. albicans C. albicans 
4 M. morganii 
5 
6 C. albicans, 1(. pneumoniae 
8 E. coli C. freundii 
9 C. albicans, P. aeruginosa P. aeruginosa 

10 C, albicans, E. coli, E. aerogenes 
11 C. albicans, K. pneumoniae, K. oxytoea, E. co# C. albicans 
I2 K. pneumoniae, E. coli 
13 E. eoli C. albicans 
14 C. albicans, MRSA, P. mirabilis, P. vulgaris C. albicans, MRSA,  P. mirabilis 
15 C. albicans C. albicans 

16 C. albicans, E. coli 
17 C. albicans 
18 
19 C. albicans 
20 
21 C. albicans 
22 C. albicans, P. aeruginosa, E. agglomerans 
23 C. albicans, S. marceseens, P. mirabilis 

C. albieans, E. coli 

C. alb&ans, P. aeruginosa 
C. albicans, P. mirabilis 

E. coli (R) 

MRSA (O) 

C. albicans (U); S. aureus (W) 
P. aeruginosa (R) 

P. mirabilis (R, U, W) 
C. albicans, S. aureus (R); S. 
pneumoniae (S) 
P. maltophilia (R) 
P. mirabilis (U); MRSA (W) 
P. maltophilia (0) 

S. aureus (S) 

P. aeruginosa (R); C. albicans (S) 
C. albicans (U) 
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Table 2 (continued) 

No. Gastric cultures Throat cultures Infections 

24 C. albicans C. albicans 

25 P. mirabilis P. aeruginosa 
26 C. albicans 
27 E. cloacoae, C. freundii 
28 
30 P. aeruginosa, E. coli P. aeruginosa, E. coli 
31 P. aeruginosa P. aeruginosa 
33 E. cloacoae, S. marcescens, P. mirabilis E. cloacoae, S. marcescens, P. mirabilis 
34 
35 C. albicans C. albicans 
37 C. albicans, P. mirabilis C. albicans 
39 E. aerogenes, P. aeruginosa, K. pneumoniae, C. E. aerogenes, C. albicans, C. diversus 

albicans, C. diversus 
41 C. albicans C. albicans, P. mirabilis 
42 
43 C. albicans, P. mirabilis C. albicans, P. mirabilis 
44 H. alvei P. mirabilis 
46 K. pneumoniae 
47 K. oxytoca K. pneumoniae 
48 K. pneumoniae 
49 C. albicans 
50 P. aeruginosa, C. albicans P. aeruginosa 
51 K. pneumoniae, E. cloacoae, C. albicans C. albicans 
52 C. albicans 
54 
57 
59 
60 
61 E. coli, C. albicans 
62 E. aerogenes 
64 
65 
66 E. aerogenes E. aerogenes 
67 

68 E. coli, A. calcoaceticus, P. cepacia 
69 C. albicans 
70 C. albicans, E. cloacoae C. albicans 
71 C. albicans A. calcoaceticus 
72 C. albicans C. albicans 
73 C. albicans C. albicans 
74 E. coli, K. oxytoca K. oxytoca 
75 C. albicans C. albicans, K. pneumoniae 
76 P. aeruginosa, C. albicans P. aeruginosa 
77 C. albicans C. albicans 
78 E. aerogenes E. aerogenes 
79 E. aerogenes, C. albicans E. aerogenes 
80 E. coli, E. cloacoae, C. albicans E. aerogenes, C. albicans, A. 

calcoaceticus, C. freundii 
82 P. aeruginosa, C. albicans P. aeruginosa, X. maltophilia 
84 P. mirabilis P. mirabilis 
85 P. mirabilis, E. cloacoae E. aerogenes 
86 C. albicans C. albicans 
87 C. albicans P. aeruginosa, E. aerogenes 
88 C. albicans C. albicans, X. maltophilia 

90 C. albicans 
94 C. albicans 
95 C. albicans, X. maltophilia C. albicans, E. agglomerans 
96 C. albicans C. albicans 
97 K. pneumoniae, K. oxytoca K. pneumoniae, K. oxytoca 
98 C. albicans S. marcescens 
99 C. albicans 

100 C.,albicans C. albicans 

P. aeruginosa (R); C. tropicalis (U); 
P. aeruginosa, MRSA (O) 
S. aureus (R) 

K. oxytoca (R) 
H. influenzae, MRSA (R) 
H. influenzae, E. coli (R) 
P. aeruginosa (R) 

S. pneumoniae (R) 

C. diversus (R) 

MRSA (R, S) 
C. albieans (R) 
P. mirabilis (R) 

H. influenzae, S. pneumoniae (R) 

S. aureus (W) 
MRSA (R) 

S. pneumoniae (R) 
MRSA (R) 
S. epidermidis (S) 
MRSA (R) 
H. influenzae (R); E. coli (U) 

Chlamydia psittaci (R) 
S. aureus (S) 
S. pneumoniae (R) 
S. aureus (R); E. coli, P. aeruginosa, 
S. faecalis (W) 

C. albicans (R) 

MRSA (R) 
MRSA (R); C. albicans (U) 

C. albicans (R) 

MRSA (R); P. aeruginosa (W) 

C. albicans (U); E. coli (W) 

E. coli (0) 

P. aeruginosa, C. albicans (S) 

Legionella pneumophila, X. 
maltophilia (R) 

MRSA (R) 
MRSA (R); P. aeruginosa (W) 

MRSA (S) 
C. albicans (R, U) 

No. is patient number from Table 1. For Infections, abbreviations are as in Table 1 
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Table 3. Patient details in relation to gastric colonization Table 6. Micro-organisms isolated in nonocomial infections 

Micro-organism Respiratory Urinary Wound Septicaemia Other Gastric Culture p 

Positive Negative 

Total 67 33 
Sex (M/F, %) 67/33 55/45 NS 
Age (yr) 61 (17) 54 (19) NS 
Class 3.9 (0.3) 3.9 (0.3) NS 
TISS 62 (18) 63 (18) NS 
IPPV (%) 100 94 NS 
MOF (%) 76 70 NS 
Mortality (%) 57 48 NS 
Hospital Days (pre-ICU) 5.1 (8.5) 3.8 (5.8) NS 
ICU Days 19.2 (14.2) 10.1 (6.5) 0.0001 
Positive Throat Cultures (%) 72 3 0.0001 
Infections (o70) 52 39 NS 
pH (average) 4.4 (1.2) 4.2 (1.3) NS 
pH (lowest) 3.6 (1.5) 3.8 (1.4) NS 
pH (average>4) (%) 67 55 NS 

Values are mean with standard deviation in brackets, where indicated 

Table 4. Micro-organisms isolated from gastric and throat cultures 

Micro-organism Gastric Throat 

E. coli 2 1 2 1 
P. aeruginosa 4 3 1 1 
P. mirabilis 2 2 1 
P. maltophilia 1 1 
K. oxytoca 1 
C. diversus 1 
C. tropicalis 1 
X. maltophilia 1 
C. albicans 5 5 2 
S. aureus 10 1 2 2 
(methicillin- 
resistant) 
S. aureus 3 2 2 
S. epidermidis 1 
S. pneumoniae 1 
S. faecalis 1 
H. influenzae a 4 

Total 35 9 10 8 5 

a Indicates that this micro-organism would not have been isolated by 
the surveillance methods used for gastric and nasopharyngeal speci- 
mens 

E. coli 11 2 
K. pneumoniae 8 4 
K. oxytoca 4 2 
P. aeruginosa 8 9 
P. cepacea 1 0 
P. mirabilis 8 7 
P. vulgaris 1 - 
E. aerogenes 7 8 
E. cloacoae 6 1 
E. agglomerans 1 1 
S. marcescens 2 2 
H. alvei 1 - 
C. freundii 1 2 
C. diversus 1 1 
X.  maltophilia 1 2 
A.  ealcoaceticus 1 2 
M. morganii - 1 
C. albicans 46 26 
S. aureus (methicillin-resistant) 1 1 

No. positive isolates 109 71 
No. patients with positive isolates 67 49 

Table 5. Relation of gastric cultures to infections 

Gastric culture 

Positive Negative 

Respiratory 27 8 
Urinary 9 0 
Wound 7 1 
Septicaemia 4 4 
Other 2 2 
All patients with infection 35 (52%) 13 (39%) 
All patients 67 33 

Comparison of patients with positive and negative gastric cultures 
showed no statistically significant difference in infection, either for all 
infections or for type of infection 

although some cultures were positive on the first day of 
hospital admission even in previously well patients. All 
positive cultures had occurred by three weeks of ICU ad- 
mission, and conversely negative cultures were uncom- 
mon in patients staying longer than three weeks. More 
than half the isolates (56%) were of Gram-negative aero- 
bic bacilli and most of the rest were of C. albicans; the 
isolation of MRSA was uncommon (< I%). 

Patients wkh positive gastric cultures were not demo- 
graphically different from those with negative cultures. In 
particular, there was no difference in gastric pH, whether 
analyzed as average, lowest or proportion above or below 
4.0. Specifically, there was no tendency for gastric coloni- 
zation to be associated with a higher gastric pH. It was 
of interest that gastric pH was mostly above 4.0, even 
though a standard rather than titrated dose of ranitidine 
was given routinely. This may be the explanation for the 
unexpected lack of relationship between gastric pH and 
colonization, since discrimination could be lost as the en- 
tire range of observed pH values was elevated above nor- 
mal. 

The striking differences between patients with posi- 
tive and negative gastric cultures related to duration of 
ICU stay and to nasopharyngeal colonization. The pa- 
tients with positive gastric cultures had an average dura- 
tion of stay twice as long as those with negative cultures. 
While this could possibly be related to the more numer- 
ous cultures that were inevitably taken during longer ad- 
missions, it would seem more likely that the risk of gas- 
tric colonization was directly related to the duration of 
admission. Further, as indicated above, gastric coloniza- 
tion was almost universal by 3 weeks. 

Gastric colonization was very strongly associated with 
nasopharyngeal colonization (p = 0.0001). However, gas- 
tric colonization was more frequent than nasopharyngeal 
colonization (67% and 49%, respectively), so that while 
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nasopharyngeal colonization was virtually always associ- 
ated with gastric colonization, the converse could not of 
course apply. While the same types of micro-organisms 
were involved at both sites, the temporal relationship be- 
tween positive cultures at the two sites for the same mi- 
cro-organism failed to support the suggested sequence of 
gastric colonization frequently leading to nasopharyn- 
geal colonization [4-8]. Thus, only 25% of positive 
throat cultures were preceded by a positive gastric culture 
for the same micro-organgism. Moreover, 10% of posi- 
tive gastric cultures were preceded by a positive throat 
culture for the same micro-organism. These are maxi- 
mum estimates of linkage and would decrease if more de- 
tailed bacterial typing than would be appropriate for gen- 
eral surveillance showed that micro-organisms seemingly 
the same were in fact different. On the other hand, these 
estimates of linkage could increase if more frequent sam- 
pling than would be appropriate for general surveillance 
showed that the seemingly simultaneous occurrence of 
micro-organisms was in fact sequential. This could apply 
in up to 19 patients with gastric and throat colonization 
but in only three patients with infections. On balance, 
therefore, while the data are consistent with an ascending 
movement of micro-organisms in some patients, they sug- 
gest a descending movement in other patients and no di- 
rectional transfer in most patients. 

Furthermore, the relationship between gastric (or 
nasopharyngeal) colonization and clinically significant 
infection was even more tenuous. Thus, despite the fre- 
quency of infection, which was found in nearly half the 
patients, the same micro-organism was isolated from a 
site of infection and from gastric or nasopharyngeal cul- 
tures in only 17~ of patients with infections and these 
were equally divided between respiratory and urinary 
tract infections. This lack of relationship has been previ- 
ously observed by some [23] but not by others [9-12, 24]. 
Moreover, the types of micro-organisms involved in infec- 
tions were in general substantially different from those 
identified in the surveillance cultures of gastric or 
nasopharyngeal specimens. The finding of Pseudomonas 
as a more common Gram-negative aerobic bacillus in re- 
spiratory infections (33%) than in nasopharyngeal cul- 
tures (20%) is in accord with previous reports (25), even 
though the major risk factor of inadequate nutrition was 
carefully attended to in the present study. A high inci- 
dence was also found of MRSA in respiratory infections 
(25%) compared with nasopharyngeal or gastric cultures 
(1% each), suggesting that the route of entry of this mi- 
cro-organism was most likely directly via the endo- 
tracheal tube. 

The present study involved a large group of the sickest 
and longest staying ICU patients, in whom it might be 
considered that the potential relevance of gastric coloni- 
zation could be most efficiently explored. However, al- 
though gastric colonization was frequent, the results have 
failed to confirm a substantial ascending migration of 
micro-organisms to the nasopharynx or a significant rela- 
tionship with clinically important infection (particularly 
at respiratory, urinary, wound and systemic sites). Thus, 
the rationale to adopt SDD (or SPEAR) in such patients 
appears to us to be uncertain and alternative strategies 

may be more attractive. For example, perhaps sucralfate 
could be used for gastric stress ulceration instead of an 
H2 antagonist, so that gastric pH could be preserved at 
a lower and more normal level [26, 271. However, we 
could find no relationship between gastric pH and colo- 
nization, so that the level of gastric pH may not be as rel- 
evant as has traditionally been considered. Even more im- 
portantly, the risk of gastric stress ulceration may no 
longer be as high as it once was, and prophylaxis of any 
sort may be unnecessary as a routine measure [2]. It 
seems to us that the evidence to date is too incomplete to 
a make a firm therapeutic recommendation in these ar- 
eas, and clearly more information is required. 
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