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Abstract 

Objective 

In intensive care patients, enteral feeding requires sterile feedings 
because of infectious complications and adequate supplements to meet 
nutritional needs. Heretofore, prepacked, large-volume formula containers 
were developed, but bacterial contamination occurred in 4 % to 15%. Our 
objective was to investigate the microbial contamination rate of 1-L 
feeding bottles and newly designed administration sets over hanging times 
of 24 hrs in the intensive care unit (ICU). 

Design and Setting 

A prospective observational cohort study of patients admitted to the ICU 
of a university hospital. 

Patients 

All consecutive patients fed via a nasojejunal tube for at least 4 days. 

Measurements 

Cultures of feeding bottles, administration sets, and gastric and 
tracheobronchial aspirates at day 0, 1, 2, 4, and 7. 

Results 

A total of 4 % of feeding bottles and 74% of infusion sets contained >102 

colony forming units (CFU)/ml_. Gastric and bronchial aspirates were 
positive in 90% and 92%, respectively. Bacterial counts of feeding bottles 
were 102-105 CFU/mL, and the main bacteria isolated included 
Enterobacter cloacae, Klebsiella oxytoca, and enterococci. One third of all 
cultured bacteria in feeding bottles, administration sets, stomach, and 
lungs belonged to the Enterobacteriaceae family, which was held 
responsible for the nosocomial infections in the ICU. None of the 1-L 
feeding bottles with a hanging time of 19-24 hrs was contaminated. Only 
bottles that had to be exchanged because of need for a faster rate of 
infusion proved to be contaminated, apparently without clinical 
consequences. With time and the increasing severity of disease, the 
administration sets became contaminated at an increasingly faster rate 
and with higher bacterial counts mainly through retrograde growth of 
endogenous bacteria. The final step of bottle contamination might have 
been the bacterial transfer by nurses' hands. 
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Conclusion 

Despite an almost ideal design of the enteral nutrition delivery system, a 
4 % contamination rate of initially sterile feedings with clinically relevant 
bacteria and the fact that only manipulated systems showed bacterial 
growth are of concern. 
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Introduction 

In the intensive care unit (ICU), much attention is paid to the support of 
vital functions and to the intravascular access catheters to monitor the 
progress of patients. The use of total parenteral nutrition followed 
naturally from this approach. Now, enteral nutrition is the preferred route 
of feeding for intensive care patients, either by a nasogastric tube, 
gastrostomy, or a nasojejunal tube. 
In compromised ICU patients, a sterile microbial quality of tube feeding as 
well as the supply of nutritional requirements have to be guaranteed. 
Prepared diets, homemade or sterile, prepacked by the manufacturer are 
usually delivered in quantities of 500 ml_ and are infused within 8 hrs to 
reduce the possibility of contamination. 1 There are, however, few 
recommendations regarding the frequency of replacement of feeding 
tubes, delivery sets, and food containers. The numerous reports on 
bacterial contamination of enteral feedings 2 finally resulted in a detailed 
set of guidelines endorsed by the British Dietetic Association. 
Recommendations of microbiological limits and hanging times of nonsterile 
(4 hrs) and sterile feedings (24 hrs) were given. Sterile feedings should be 
used for patients considered to be at special risk, such as ICU patients. 3 

However, the short hanging time, the associated frequent bottle 
exchanges, and the nursing workload conflicted with the requirement to 
meet the nutritional needs of patients. 4 ' 5 

Therefore, large-volume feeding bottles were introduced, initially for use 
in general wards only. In 4 % to 15% of general ward patients, bacterial 
contamination was observed and ascribed to the design of the delivery 
system. 4"6 This observation stimulated further research, which resulted in 
an almost ideal enteral nutrition delivery system: a 1-L ready-to-use 
polypropylene feeding bottle and an administration set supplied with spike 
and screw cap, an air inlet flutter valve with a bacterial filter, a drip 
chamber, and a distal Y-port for flushing and medication. 3 '7"11 

The larger feeding volumes of 1 L conflicted with the operative policy at 
our ICU to limit the hanging time of (500 ml_) feeding bottles to a 
maximum of 8 hrs. Because we had the opportunity to obtain these newly 
developed delivery systems, we planned to perform a study in the 
exacting ICU setting. Here, severely ill patients carry a high risk of 
contamination, colonization, and infection by the disease itself and by the 
liberal use of antibiotics, gastric acid inhibitors, and immunosuppressants. 
The frequent contact with nursing and other staff member's hands (also, 
the technical support equipment and the humid and warm atmosphere) 
contributes to this risk. 2 '3 ' 12~15 Moreover, they are usually fed by a route, 
which bypasses the stomach and the antimicrobial protection of gastric 
acidity. 3 ' 1 6 ' 1 7 

The objectives of our study were as follows: a) to investigate the 
bacteriologie contamination of 1-L enteral nutrition bottles and specially 
designed delivery sets over a maximum administration time of 24 hrs in 
enterally fed ICU patients; and b) in the event of positive cultures, to 
study the route of contamination by comparing the cultures from the 
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bottles and administration sets with simultaneously obtained gastric and 
bronchial cultures. 

Patients and methods 

The study design and study setting consisted of a prospective 
observational cohort study of patients admitted to the medicosurgical ICU 
of our university hospital. All consecutive patients, aged 18 yrs and older, 
who needed intrajejunal feeding and gastric drainage because of gastric 
atony and gastric paresis and who were not in protective isolation were 
eligible for the study. A minimum of 4 days and by preference 7 days of 
enteral feeding via the originally placed feeding tube in a total number of 
50 patients was required. The study was approved by the Institutional 
Research Board and the Medical Ethical Committee. They did not consent 
to an unfed control group or to a 24-hr use instead of the operational 8-hr 
use of bottles connected to currently existing old administration sets. 
Age, gender, body weight and height, previous medical history, and the 
reason for admission were recorded. At entrance to the ICU, the severity 
of the disease was assessed by the Acute Physiology and Chronic Health 
Evaluation (APACHE) I I score. 18 The daily nursing load was estimated by 
the Therapeutic Intervention Scoring System (TISS). 19 The use of 
antibiotics and acid-reducing drugs were recorded for the study period. 

Nutrition 
Within 3-4 hrs of request, a polyurethane feeding tube (Ch 10; 1.25 m; 
outer diameter, 3.30 mm; inner diameter, 2.05 mm; Flocare, 
Nutricia/Cow and Gate, Trowbridge, UK) was placed by the same 
endoscopist (EMH M-V) at the bedside far into the jejunum, followed by a 
nasogastric sump tube in patients with large amounts of gastric retention 
fluids. A plain abdominal x-ray confirmed the correct positioning of both 
tubes, and enteral feeding (Nutrison Standard, Nutricia/Cow and Gate) 
was started immediately at a rate of 20 mL/hr for the remainder of the 
24-hr period, until the next day at 12:00 pm. At noon, the endotracheal 
tube was repositioned, and routinely, all access catheters and 
administration sets were replaced by new systems. Prefilled, ready-to-use 
1-L feeding bottles were used to administer the feeding at a rate of 40, 
60, or 85 mL/hr over 24 hr, each next step being taken at 24-hr intervals 
after the assessment of good tolerance. One administration set was used 
over 24 hr for each patient (from 12:00 pm to 12:00 pm the next day). 
When more than one bottle of 1000 ml_ was needed over 24 hr (i.e., at an 
infusion rate of >= 60 mL/hr), bottles were changed at 12:00 am and 
12:00 pm, even when not yet empty. 

The ready-to-use 1-L polypropylene feeding bottle filled with ultrahigh 
temperature sterilized nutrient feeding solution had to be decapped, and 
then a metal seal had to be pierced by the spike of the administration 
system. This system was provided with a screw cap, which when screwed 
onto the bottle, protected the connection between feeding bottle and 
infusion system from environmental pollution. The screw cap also 
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contained an air inlet flutter valve with a micropore (<0.1 u) antibacterial 
filter. Underneath the drip chamber, a flexible pump insert was present, 
which was to be mounted over an enteral feeding pump system (Flocare 
800, Nutricia/Cow and Gate). A distal Y-port at 3 cm distance of the 
connection with the feeding tube was foreseen for flushing and 
medication. 

Cultures 
In the first 25 patients, samples for baseline cultures and cultures at days 
1, 4, and 7 were taken from the bottle, the administration set, the 
stomach, and the bronchial tree. Because all baseline cultures were sterile 
in the first 25 patients and more cultures of bottles with a 24-hr hanging 
time (infusion rate <=40 mL/hr) were assumed to be necessary to assess 
the contamination risk of 24 hr hanging times, the following 25 patients 
had cultures at four sites at day 2 instead of day 0. 
Samples from the feed in the bottle were aseptically taken by puncturing 
the seal at 12:00 pm. This bottle had a maximum hanging time of 12 hrs 
in case of an infusion rate of >60 mL/hr and a more prolonged hanging 
t ime (12-24 hrs) at lower infusion rates. The single administration set 
used during the 24-hr period was replaced by a new system at 12:00 pm 
and cultured after swabbing the distal end. The enteral formula was 
allowed to pour out, and a midstream sample was taken for culture. When 
available, feeding tube tips were cultured as well. Samples of gastric fluid 
were obtained via a sterile syringe mounted on the gastric tube after 
swabbing the port. Bronchial secretions were aspirated via a no-touch 
method into a self-filling trap mounted halfway onto the suction catheter. 
All samples were immediately transported to the laboratory; after 
adequate preparation, these samples were cultured aerobically at 37°C 
(98.6°F) using blood agar, cysteine-lactose-electrolyte-deficient agar, and 
trypticase soy broth plates. These plates provided qualitative data; after 
dilution, two further cysteine-lactose-electrolyte-deficient agar plates gave 
quantitative estimates. A minimum of three most outgrowing species were 
followed quantitatively. Samples were defined as microbiologically 
contaminated in the presence of at least 102 colony forming units 
(CFU)/ml_. 3"5, 20' 21 Because the results of positive cultures were late, 
patients were not withdrawn from the study for positive cultures of the 
feeding bottle and administration set, unless there was clinical suspicion of 
tube feeding-related bacteremia or septicemia. Furthermore, based on the 
intrinsic pathogenicity index, microorganisms were classified into those 
with low pathogenicity, those with potential pathogenicity for the normal 
population and for the hospital population, and those with high 
pathogenicity. 12, 22, 23 Normal oropharyngeal flora was considered to 
include the Neisseria species (except Neisseria meningitidis), 
Streptococcus species (except Streptococcus pyogenes), lactobacilli, 
diphtheroids, and micrococci. pH values of the gastric fluid (pH-strip, 
Boehringer Mannheim, Mannheim, Germany) were recorded. 20 ,21 
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Statistical analysis 

Interim Analysis 
As soon as 25 of the planned 50 patients completed the study, an interim 
analysis was scheduled for ethical reasons. This precautionary measure 
was taken in view of the operative policy to limit the hanging time of 0.5-L 
feeding bottles to a maximum of 8 hrs. Acceptable levels of contamination 
were based on contamination rates for patients in a general ward (4% to 
15%). In the presence of 10% positive 1-L feeding bottles and if there 
was a presence of clinically significant bacteria, continuation of the study 
was considered to be unethical. 

Final Analysis 
Descriptive statistics were used to characterize patients and data in terms 
of the frequency of positive cultures. A separate analysis was performed 
to discover the route of contamination of feeding bottles and the 
administration sets. This analysis focused on concordance, the frequency 
at which a feeding bottle or administration set shared similar 
microorganisms with lungs or stomach (all >102 CFU/mL). 24 A high 
degree of concordance with stomach or lungs would suggest retrograde 
growth, i.e., endogenously, rather than contact contamination, i.e., 
exogenously. Also, the level of pathogenicity was taken into account. 
Finally, we identified the association between positive bottles and 
administration sets on the one side and the use of antibiotics or acid-
suppressing drugs, the presence of a gastric pH >4, the hanging time, and 
nursing workload (TISS) on the other. Also, factors related to feeding 
bottle cultures, study duration, and mortality were investigated. The 
associations were analyzed with the Yates'-corrected chi2 test (Fisher's 
exact test, where appropriate) and the Student's t-test in case of 
continuous data and expressed in terms of relative risks with 95% 
confidence intervals. A two-sided p of <0.05 was considered significant. In 
view of the small sample size, multivariate analysis could not be 
performed. 

Results 

Interim Analysis 
The interim analysis yielded a positive contamination rate of the feeding 
bottles of 5.4% (5/91 bottles), which is below the ethically acceptable rate 
of 10%. The cultured bacteria belonged to Klebsiella species 2, the 
Enterobacter species l, and oropharyngeal flora. 2 

Final Analysis 
Sixty-five patients (median age, 66 yrs [range, 22-83 yrs] ; 37 males and 
28 females) had to be included to obtain the required 50 patients fed 
enterally at the ICU for >4 days. Fifteen patients were excluded because 
of early arrest of feeding. 
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Of the 50 study patients (median age, 68.5 [range, 22-82 yrs] ; 28 males 
and 22 females), 38 were referred to the ICU as emergency cases; the 
remaining 12 patients were admitted after major (mainly cardiovascular) 
surgery. All but one patient received artificial ventilation, and in all but 
one patient, a gastric sump tube was present. In the short ICU stay before 
the start of the study, total parenteral nutrition was administered to 23 
patients (46%) for a median of 4 days (range, 1-15 days). Thirty-one 
patients were fed enterally for at least 7 days. Nineteen patients were 
studied for 4 days; they did not complete the 7-day period because of 
removal of the feeding tube (1 patient), death (1 patient), terminal 
condition (3 patients), transfer to the general ward (5 patients), or 
resumed oral feeding (9 patients). These 19 patients differed significantly 
from the patients studied for 7 days with respect to feeding bottle 
cultures. None of the 57 feeding bottle samples appeared contaminated in 
the group studied for 4 days, whereas 6% (7/117) of the feeding bottle 
samples were contaminated in the group studied for 7 days (Table 1). 

Table 1) Characteristics of the 50 patients entering the study 

All ICU study Patients studied Patients studied 
patients for 4 days for 7 days 

Days (N = 50) (N = 19) (N = 31) 

Positive feeding bott les% 4 (7/14) 0 (0/57) 6 (7/117) 
(n/N cultured bottles) 

APACHE II score 18 (5-41) 16 (8-34) 19 (5-41) 

TISS score 40(13-61) 42(13-56) 39(17-61) 

Mortality rate % (n/N) 30(15/50) 21(4 /19) 35(11/31) 

ICU stay before start of 3 (0-30) 3 (0-22) 4 (0-30) 
study* 

ICU stay after completion 4.5 (0-47) 2 (0-36) 5 (0-47) 

Total ICU stay 19 (5-60) 13 (5-50) 19 (8-60) 

ICU, intensive care unit; APACHE, Acute Physiology and Chronic Health 
Evaluation; TISS, Therapeutic Intervention Scoring System; * days; 
Values are given as median and ranges (in parenthesis) 

Patients studied for 4 days did not differ from those studied for 7 days in 
mortality, severity of disease (APACHE I I score) or in nursing load (TISS 
score), or in total ICU stay or in ICU stay before the start and after the 
completion of the study. 
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Cultures 
Although 784 cultures (183 from feeding bottles, 183 from administration 
sets, 209 from gastric fluids, and 209 from bronchial aspirates) were 
planned, a total of 680 cultures (87%) were actually performed. The 
difference was attributable to missing samples because of interrupted 
feeding and the administration of contrast via the feeding tube, 
prematurely emptied bottles and administration sets, failure to aspirate 
gastric contents, and cardiopulmonary instability prohibiting bronchial 
suctioning. 

io°- M?S.UL wilulJL MJLiIJL ^AÏiL 1£1Ü£A 
GC BA AS f 6 GC BA AS FB GC BA AS FB GC BA AS FS OC BA AS FB 

DayO Day1 Day2 Day 4 Day 7 

Figure 1. Top, bacterial counts, colony forming units 
(CFU)/ml_ (mean + SEM), present in positively cultured 
( > 1 0 2 CFU/mL) gastric contents (GC), bronchial aspirate 
(BA), administration sets (AS), and feeding bottles (FB) 
for the 5 sampling days of the study. Bot tom, bacterial 
counts after exclusion of oropharyngeal f lora. Numbers 
given in the x-axis indicate the number of positive 
cultures. The asterisks indicate the bacterial count of the 
one and only positive culture. 

Of the 680 cultures, 437 (64%) contained > 102 CFU/mL, and when 
cultures with >102 CFU/mL of oropharyngeal flora were excluded, 60% 
(339/567) were positive (Table 2). Feeding bottles and administration sets 
were sterile immediately after positioning. 
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Seven of the 174 (4%) feeding bottles were mainly found to be 
bacteriologically positive in six patients on the fourth day of the study 
period and all after a 12-hr hanging time. 
These six patients belonged to the 31 patients studied over 7 days. The 
enteral feed in the administration sets was sterile immediately after the 
connection to the feeding bottle (day 0) but became significantly 
contaminated by bacteria after a 24-hr hanging time. 

Table 3 ) Genus and pathogenicity of microorganisms found in 
positive cultures (>10 2 CFU/mL) of feeding bottle (FB), 
administration set (AS), gastric contents (GC), and bronchial 
aspirate (BA) 

Low pathogenicity 

Enterococci species 

Oropharyngeal flora 

Staphylococci species 

Potential pathogenicity for the normal 

Escherichia coli 

Haemophilus influenza 

Staphylococcus aureus 

Streptococcus pneumoniae 

Yeasts 

Potential pathogenic hospital acquired 

Acinobacter species 

Citrobacter species 

Eneterobacter species (mainly 
E.cloacae) 

Klebsiella species (mainly K.oxyfoca) 

Proteus species (mainly P.mirabilis) 

Pseudomonas species (mainly 
P.aerugmosa) 

Overall no. of microorganisms 

FB 

1 

3 

AS 

7 

68 

3 

population 

-

-

27 

6 

-

16 

microorganisms 

-

1 

2 

7 

-

4 

14 

30 

7 

25 

207 

GC 

5 

92 

-

24 

4 

90 

1 

3 

19 

32 

15 

28 

313 

BA 

-

96 

2 

15 

6 

9 

1 

25 

-

1 

4 

12 

4 

35 

210 

CFU, colony forming units. 

Despite daily renewal of the system, the number of contaminated 
administration sets and the bacterial counts increased over time (Table 2; 
Fig. 1). 
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Table 4 ) Microorganisms cultured from feeding bottles (CFU/mL) with the documented 
presence of a similar microorganism at other sites of sampling; also, data on body 
temperature, defecation,a and TISS scores are given. 

Patient 1 Enterobacter 
cloacae0 

Feeding bottle 
- Administration set 

Gastric contents 
Bronchial aspirate 
Body temperature (C) 
Defecation 
TISS score 

Patient 2 Klebsiella oxytoca 
Feeding bottle 
Administration set 
Gastric contents 
Bronchial aspirate 
Body temperature (C) 
Defecation 
TISS score 

Patient 3, Enterococci 
Feeding bottle 

- Administration set 
Gastric contents 
Bronchial aspirate 
Body temperature (C) 
Defecation 
TISS score 

Patient 4 , Oropharyngeal flora 
Feeding bottle 
Administrat ion set 
Gastric contents 
Bronchial aspirate 
Body temperature (C) 
Defecation 
TISS score 

Patient 5, Oropharyngeal flora 
Feeding bottle 
Administration set 
Gastric contents 
Bronchial aspirate 
Body temperature (C) 
Defecation 
TISS score 

Patient 6, Oropharyngeal flora 
Feeding bottle 
Administration set 
Gastric contents 
Bronchial aspirate 
Body temperature (C) 
Defecation 
TISS score 

0 

0 
0 
105 

104 

37.8 
0 
46 

0 
0 

-
37.8 
0 
39 

0 
0 
0 
0 
36.5 
0 
39 

0 
103 

105 

103 

37.5 
0 
33 

0 
0 
10 
103 

36.7 
0 
24 

0 
103 

103 

0 
35.6 
0 
34 

1 

0 
105 

104 

0 
38.1 
0 
46 

0 
105 

-
103 

38.5 
0 
34 

0 
10 
0 
0 
36 
0 
36 

0 
0 
106 

104 

37.5 
D 
33 

0 
103 

0 
-
36.7 
0 
31 

0 
103 

103 

103 

36.5 
0 
54 

Day of study 

4 

102 

102 

105 

0 
36.9 
N 
50 

103 

106 

106 

105 

38.6 
0 
46 

2.5*102 

105 

105 

0 
36 
0 
36 

105 

107 

103 

38.0 
0 
39 

105 

103 

104 

103 

38.9 
D 
31 

0 
105 

105 

103 

37.2 
0 
37 

7 

0 
105 

105 

103 

36.4 
D 
42 

105 

108 

39.1 
D 
35 

0 
106 

0 
37.1 
0 
33 

0 
106 

107 

103 

36.7 
0 

0 
0 
104 

0 
38.5 
D 
29 

104 

105 

104 

103 

36.0 
0 
49 

CFU, colony forming units; TISS, Therapeutic Intervention Scoring System. 
Defeacation: 0=absent; N = normal; D=diarrhea; "At day 7, Enterobacter cloacae was 
also cultured from the top of the feeding hose (103 CFU/mL). 



Samples of gastric contents and bronchial aspirates showed bacterial 
growth before the start of enteral feeding (day 0), without major changes 
throughout the study. In three patients, the tip of the feeding tube could 
be cultured. 
One sample each showed 103 CFU/mL of enterococci, Enterobacter 
cloacae, and Pseudomonas species, one showed 106 CFU/mL of Klebsiella 
oxytoca, and one showed 106 CFU/mL of commensal flora. 
In 437 positive cultures, 737 microorganisms were found belonging to 30 
different species, 82% were of bacterial and 18% of fungal origin. 
Classification of these microorganisms according to the degree of 
pathogenicity revealed the absence of highly pathogenic microorganisms 
(Table 3). 
More than 36% (188/527) of all microorganisms in the feeding bottle, 
administration set, and stomach and 17% (36/210) of bacteria present in 
the lungs belonged to the Enterobacteriaceae family, as a group 
responsible for opportunistic and nosocomial infections in the ICU. 
Data of the six patients with a contaminated feeding bottle are given in 
table 4. In three patients, potentially pathogenic microorganisms were 
present. All the contaminated bottles appeared to have been exchanged at 
midnight without replacement of the administration set and showed 
bacterial growth 12 hrs later at 12:00 pm. In every patient, a positive 
bottle culture was accompanied by a previous and/or simultaneous culture 
with the same microorganism at different places. Four patients had fever, 
one before and three simultaneously with a positive feeding bottle culture. 
Symptoms of bacteremia or septicemia were not present, and all blood 
cultures were negative. Three patients had diarrhea the same day or in 
the following days. One patient (patient 5 with oropharyngeal flora in the 
feeding solution) died from unrelated disease after the 7-day study period. 
Patients with contaminated bottles did not differ from those without 
contaminated feedings in mortality, in total ICU stay, or ICU days before, 
during, and after the study period. Also, the incidence of diarrhea in the 
study (3/6 vs. 20/39) was not different, and in the median 6-day (range, 
1-47 days) post-study period, the trend of a higher occurrence of diarrhea 
in those with contaminated feed (4/5 vs. 15/34) was not statistically 
significant. In both periods, the severity of diarrhea as reflected by the 
number of stools per day and the percentage of days with diarrhea was 
similar in the contaminated and noncontaminated groups. 

Origin of Contamination of the Tube Feeding in the Bottle and 
Administration Set. 
Concordance, defined as the frequency with which the feeding bottle or 
administration set shared similar microorganisms with bronchial aspirate 
or gastric contents, was investigated. A high degree of concordance 
suggests retrograde growth rather than contact contamination. 
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Microorganisms in stomach and feeding bottle were significantly more 
concordant (36/142; 25.4%) than bacteria in lungs and feeding bottle 
(8 /95; 8.4%; difference 16.9%; 95% confidence interval of the difference, 
7.9% to 26%). Higher, but statistically not different levels of concordance 
were noticed between administration sets and bronchial (52/95; 54.7%) 
and gastric fluids (74/142; 52.1%). 

Risks of Exposure 
Baseline data (23 bottles, 24 sets) were left out, because these served 
only to rule out the introduction of bacteria by endoscopic feeding tube 
insertion. At the time of culturing, 93 of the 151 feeding bottles had a 
hanging time of 13-24 hrs and 58 had a hanging time of 0-12 hrs. The 
majority (103/156) of the administration sets were used for a 24-hr 
period, the remainder for less extended periods. 
Increasing hanging times of feeding bottles were inversely associated with 
bottle contamination, both when considering hanging times of 0-6, 7-12, 
13-18, and 19-24 hrs and hanging times of 0-12 vs. 13-24 hrs. The mean 
hanging time of contaminated bottles (12 hrs) significantly differed from 
noncontaminated ones (18.2 hrs; p = .005). 
A gastric pH >4 at the moment of culturing was present in 64% (94/147) 
of gastric samples. Acid-suppressing drugs (H2 blocking agents, proton 
pump inhibitors) were taken during 85% (133/156) of samples. Two to 
four different antibiotics were taken at the time of culturing in 78% 
(121/156) of samples. However, the use of acid-suppressing medication 
or antibiotics was not associated with an increased number of positive 
cultures of feeding bottles and administration sets. A gastric pH of >4 
predicted a significantly higher risk of positive gastric cultures compared 
with a pH of <4 (relative risk, 1.94; 95% confidence interval, 1.51/2.50; p 
< .0001). 

The 19 patients remaining in the study for 4 days, who never had positive 
feeding bottle cultures, were compared with the 31 patients who were 
studied for 7 days and of whom six patients had contaminated bottles. 
The bacterial counts at days 0, 1, 2, and 4 in gastric juice and 
administration sets were similar, but the mean bacterial count in bronchial 
aspirates was higher in the 7-day study patients (exponential number, 3.4 
vs. 2.9; p < .05). 
Also, the 15 patients who died in the ICU did not differ from the 35 
remaining patients in regard to total enteral caloric intake, in total ICU 
stay, in ICU stay before the start of the study, and in total study duration. 
The stay at the ICU after completion of the study was shorter in dying 
patients (3.80 vs. 9.66 days; p < .03). Overall bacterial counts at days 0-
7 were not different. Site-specific cultures (i.e., bottle, set, stomach, 
lungs) only showed a significantly higher number of bacteria in the 
bronchial aspirate in ultimately dying patients (exponential number, 3.5 
vs. 3 .1 ; p < .01). The mean nursing workload assessed via the TISS 
scoring classification tended to be higher (41.0 ± 0.93) when feeding 
bottles became contaminated compared with the workload with sterile 
feeding bottles (35.8 ± 9 . 1 ; not significant). 
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Discussion 

Only a few studies have addressed the issue of bacteriologically safe 
enteral feedings in critically ill patients. 12~15 These studies were hampered 
by the absence of well-defined microbial limits for ready-to-use, 
commercially available solutions. These limits have been issued, but 
recommendations^ as to acceptable levels of contamination while feeding 
are still lacking. 3 Definitions of contamination, therefore, vary from any 
bacteria present 24 to > 102 CFU/mL 4' 5 or even up to 104 CFU/mL 8 

Some investigators used French and American standards applicable to 
grade A pasteurized milk and milk products (3 x 104 CFU/mL and 2 x 104 

microorganisms/mL, respectively). 2 5 , 2 6 We adopted the criterion of > 102 

CFU/mL according to studies that looked into colonization and infection in 
compromised patients. 27~29 Our contamination rate of 4% is comparable 
with one of 3% 4 and 8% 5 in 2-L ultrahigh temperature sterilized, 
prepacked polyvinyl chloride bags after a 12-hr hanging time. In contrast 
to a reported 15% bottle feeding contamination after a 24-hr hanging 
time n, we did not discover any positive culture when the administration 
system was not manipulated or the feeding process interrupted by the 
exchange of feeding bottles. In the above-mentioned studies, severely ill 
patients were excluded and the observation time was limited to 5 days. In 
our study, patients were very ill and the relevance of a more prolonged 
observation period was clearly demonstrated by our finding that a positive 
feeding bottle culture was established only in those patients who remained 
in the study for the complete 7 days. Therefore, probably, previously 
reported figures are an underestimation. One can speculate on the 
significance of the finding of positive cultures solely in patients with a 
completed 7-day study period. 

Patient-Related Factors 
A longer ICU stay is associated with more medications and more 
therapeutic technical equipment, a higher probability of bacterial 
colonization, and probably, a more dismal prognosis. We found a higher 
mean bacterial count in bronchial aspirates of 7-day study patients 
compared with 4-day study patients. Moreover, as time passed by, the 
bacterial spread into the administration set, which was renewed every 24 
hrs, occurred at an increasingly faster rate and a higher bacterial level. 
The introduction into the feeding bottle was late but then accompanied by 
relatively high bacterial counts. Because the administration set and 
feeding bottle are both a continuation of the nasoenteral feeding tube, 
retrograde growth of endogenously present bacteria is highly suggestive. 
This is strengthened by the findings of positive feeding bottle cultures 
harvested only from more heavily colonized patients with a 7-day ICU 
stay, a significantly higher risk of positive gastric cultures at alkaline 
gastric pH and the associated increased risk of bacteriologically 
contaminated administration sets, and finally, a significant concordance of 
microorganisms in the stomach and feeding bottles. 
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Also, the fact that all feeding bottle cultures had a preceding or a 
simultaneously positive administration set with the same bacteria is in 
support of mobile endogenously present bacteria. 5"10-30 

Nursing-Related Factors 
Less attention to sterility because of an increased workload for staff in 
more diseased patients and the almost inevitable risk of bacterial transfer 
by nurses' hands in more severely ill, extensively colonized patients 24 ,31 ' 
32 are well-known nursing-related factors, which in our study appeared to 
be weak. The mean workload was not significantly related to positive 
feeding solution cultures. However, only manipulated administration sets 
resulted in contaminated feeding bottles. Because administration sets 
became increasingly more positive with prolonged hanging times and 
faster and more heavily colonized as the number of feeding days 
progressed, this might signify that contamination was introduced at the 
exchange of feeding bottles. At that time, an already contaminated 
administration set was connected to a new 1-L bottle, and bacterial 
contamination was established 12 hrs later. Whether this was the result of 
a contaminated infusion spike or of inadequate handling at the time of the 
exchange of the bottles, enabling contaminated drip chamber contents to 
flow back into the exchanged bottle, will be the subject of another study. 
As yet, we cannot conclude from our study to what extent bacteria finally 
arrived in the feeding solution via nursing hands, via bed linen soiling, 
vomiting and coughing, or via their own mobility and, if so, whether they 
traveled from the jejunum along the inside of the feeding tube 33 or just 
along the side of the feeding tube or gastric sump tube . 8 ' 2 4 , 3 0 , 3 2 , 3 4 

The administration of contaminated feedings to patients may result in 
colonization and infection by opportunistic pathogens or in food poisoning 
because of bacterial endotoxins. In this respect, the presence of 
Enterobacteriaceae in one third of positive cultures in our study may be 
clinically relevant. Septicemia n ' 35' 36, enteral sepsis 17, diarrhea 37, and 
abdominal distention u have been ascribed to manipulation of 
commercially available liquid or powdered foods. In our study, clinical 
relevant effects caused by bacterial contamination of the formula were not 
observed. 

Although the outcome was not different in patients with contaminated 
feedings and with a prolonged stay in the ICU, from a clinician's and 
microbiologist's standpoint, a 3% to 4% contamination rate of initially 
sterile feedings is of concern. Also, the acquisition of certain bacteria 
(Gram-negative bacteria, vancomycin-resistant enterococci) that is related 
to the length of stay in the ICU, the use of enteral feedings, and the 
manipulation of nasogastric tubes gives cause for concern 38 ,39. 
How and to what extent handling contributes to contamination of feeding 
bottles and administration sets and whether at the time of exchange of 
the large-volume formula containers the infusion system should be 
renewed as well should be the subject of future research. 
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