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S U M M A R Y . Enteral feed in g  is the m ost com m on and preferred 
m odality  for provid ing nutritional support to hospital patients with 
a functional gastrointestinal tract that can not satisfy  their nutritional 
requirem ents. N everth eless, enteral feed in g  m ay be an important 
cause o f  bacterial in fection . T he aim  o f  this study w as to evaluate the 
m icrobial contam ination le v e l o f  enteral feed in gs distributed in  
C osta  R ican  hospitals. A  total o f  124 sam ples o f  enteral feed ing, 
com in g  from  fiv e  different hospitals from  San Jose, C osta R ica, were 
evaluated  during the secon d  sem ester o f  1997 and first o f  1998 for the 
presence and identification o f  total and fecal coliform s, Pseudomonas 
sp. and Listeria sp. A  subpopulation o f  the Pseudomonas isolated  
w as analyzed  for their antibiotic su sceptib ility  patterns.
T he concentration o f  Gram negative rods in the sam ples o f  enteral 
feed in g  solu tions ranged from  1(P  to 107  C FU /m L , markedly 
ex cee d in g th e  p erm issible lev e l (107  C F U /m L  orless). T h e coliform s 
m ost frequently isolated  included  Enterobacter cloacae, Escherichia 
coil, Serratia sp. and Klebsiella pnuemoniae. Pseudomonas sp. w as 
iso la ted  in m ore than 70%  o f  the sam ples m ade from  com m ercial 
b ased  so lu tio n s, fruits and v eg eta b les. P. aeruginosa and P. 
fluorescens w ere the sp ec ies m ost frequently isolated . Listeria sp. 
w as not iso la ted  from  enteral so lu tions sam ples. T he results obtained  
dem onstrate that it is  urgent to assure strict h ygien e during the 
preparation and handling o f  all enteral feed  in  order to avoid  bacterial 
grow th. The im plem entation  o f  H A C C P  (Hazard A n a lysis and 
Critical Control Points) system  w ill b e  required in  a near future for 
better quality control o f  enteral nutrition m ixtures.
Key words: Enteral fe e d in g , m icro b io lo g ica l contam in ation , 
Pseudomonas, Listeria, coliform s.

R E S U M E N . Contaminación microbiològica de soluciones de 
alimentación enteral en hospitales costarricenses. E l objetivo  de 
este  estud io  fue evaluar el n ivel de contam inación  m icrob iològica  
presente en fórm ulas de alim entación enteral distribuidas en h osp i­
tales costarricenses. Durante el segundo sem estre de 1997 se  evaluó  
la presencia de coliform es totales y feca les, Pseudomonas sp. y 
Listeria sp. en  124  m uestras de alim entación enteral provenientes de 
cin co  diferentes hospita les de San José, C osta  Rica. Tam bién, se  
determ inó e l patrón de sen sib ilid a d  a lo s  a n tib ió ticos a una 
subpoblación de Pseudomonas sp. La concentración  de bacilos  
Gram n egativos en  las m uestras d e  so lu c io n es en térales o sc iló  entre 
10^ y  107  U F C /m l, exced ien d o de manera im portante el lím ite  
perm isible (10^ U FC /m l o  m en os). L os co liform es a islados con  
m ayor frecuencia incluyeron Enterobacter cloacae, Escherichia 
coli, Serratia sp. y Klebsiella pneumoniae. Pseudomonas sp. fue 
aislada en m ás del 70%  de las m uestras hechas a partir de so lu cion es 
com erciales, frutas y  vegeta les. P. aeruginosa y P. fluorescens 
fueron las esp ecies aisladas con  m ayor frecuencia. N o  se aisló  
Listeria sp. a partir de las m uestras evaluadas. L os resultados 
obtenidos dem uestran que es urgente el asegurar una h ig ien e estricta 
durante la  preparación y  m anipulación de la alim entación  enteral, de 
m anera que se  controle e l crecim iento  bacteriano. E s necesaria la 
im plem entación  del sistem a A R PC C  (A n ális is de R iesg o s y  Puntos 
C ríticos de Control) en un corto tiem po con el fin d e  asegurar un 
m ejor control de calidad de las m ezclas de nutrición enteral. 
Palabras clave: A lim e n ta c ió n  e n te r a l ,  c o n ta m in a c ió n  
m icrob io lòg ica , Pseudomonas, Listeria, coliform es.

IN TRO DUCTIO N

Enteral feeding is the most common and preferred modality 
for providing nutritional support to hospital patients with a 
functional gastrointestinal tract that can not satisfy their 
nutritional requirements, due to an inadequate oral intake of 
energy and nutrients ( 1).

Complications occurring during enteral nutrition have 
been considered traditionally to be rare and essentially non- 
infectious. As a consequence, infection control procedures 
during preparation and administration o f enteral feeding 
solutions have been less assiduous than for parenteral nutrition

(2). Nevertheless, markedly contaminated enteral feed, 
containing 10^ to 10^ Gram negative bacilli/mL, has been 
reported to cause, not only diarrhea, but also sepsis, pneumonia 
and urinary tract infections (3-6). Also, considerable evidence 
indicates that enteral feeding contaminated with bacteria may 
be cause o f severe nosocomial infection (2).

Several factors contribute to the development of these 
infections in hospitalary patients, including the fact that the 
resistance of the digestive tract to bacteria acquired orally is 
reduced considerably because o f different situations, such as 
stress, severe illness, antibiotic treatment and antiacids or 
histamine type 2 blockers (2,7).



In Costa Rica, the prevalence o f nosocomial infections is 
very high, around 10% (8), however, little attention seems to 
be paid to the microbiological quality o f enteral feeding 
solutions. The aim o f this study was to evaluate the microbial 
contamination level o f enteral feedings used in Costa Rican 
hospitals, including the identification o f  Gram negative rods 
and the antibiotic susceptibility patterns present in the 
Pseudomonaceae isolated.

M ATERIALS A N D  M ETHO DS

Between July 1997 and June 1998,124 samples of enteral 
feeding, coming from the five major hospitals from San Jose, 
Costa Rica, were evaluated for the presence o f total and fecal 
coliforms, P seudom onas sp. and L isteria  sp. Samples were 
randomly taken at the nutritional hospitalary services, from 
the food daily supplied to patients that need this kind o f  
nutritional support.

The methodology used in the sample analysis is the one 
described by Vanderzant and Splittstoesser for the analysis o f  
microorganisms in food (9). Briefly, for the isolation of 
Listeria, 25 g o f each sample were transferred to 225 mL 
UVM  broth (University o f Vermont m odified Listeria 
enrichment broth) and incubated for 22 ±  2 h at 30°C. After 
this, 0.1 mL was transferred to 10 mL Fraser broth and 
incubated at 37°C for 24 +  2 h. After the enrichment, a loop 
was streaked on the surface o f Oxford agar, incubated at 37°C 
for 48 h and evaluated for the presence o f  typical Listeria 
colonies. These were confirmed by Henry illumination, 
morphology and Gram staining, motility, hemolysis properties, 
CAMP (Christie, Atkins and Munch-Peterson) behavior with 
S ta p h y lo co ccu s aureus, xylose and rhamnose utilization.

For the total and fecal coliforms quantification, ten fold

dilutions were prepared with sterile peptonated water (PW)
0.1%. From each dilution, a 1 mL aliquot was spreaded in bile- 
red-violet agar (Oxoid), recovered with additional agar and 
incubated at 37°C for 48h for total coliforms and 44.5°C at 
24h for fecal coliforms. Coliform species identification was 
done using API® system 20E for Enterobacteriaceae.

The isolation and quantification o f  P seu d o m o n a s sp. was 
done using F agar (Oxoid) and the biochemical confirmation 
included the oxidase, catalase, triple-sugar-iron (TSI), and 
fermentation/utilization o f carbohydrates assays.

A subpopulation of the P seudom onas  isolated was analyzed 
for their antibiotic susceptibility patterns. A  Biomerieux 
Vitek was used, and the antibiotics tested included amikacin, 
aztreonam, ceftazidine, ciprofloxacin, gentamicin, imipenem, 
mezlocillin, piperacillin, ticarcillin and tobramycin.

Data were analyzed using ANOVA, available in the SPSS 
package, version 6 .0 .1.

RESULTS

A total o f 124 enteral feeding solutions were evaluated for 
the presence o f different bacteria. 50% o f the samples were 
made out from commercial bases (Ensure®), and the other 
50% were solutions prepared at the nutritional hospital services 
with either fresh fruits (18%), cooked vegetables (27%), meat 
broth (2%) or milk (3%). The average temperature o f  the 
samples at the collection time was of25-30°C  and the average 
pH was o f 5.9±1.

The concentration o f Gram negative rods found in the 
samples o f enteral feeding solutions ranged from 1(P  to 107 
CFU/mL (Table 1), markedly exceeding the permissible level 
(102 CFU/mL or less) determined by Anderton et al. in 
England (10).

TABLE 1
Levels o f Gram negative bacteria found in enteral feeding solutions

Enteral feed in g  
solution

T otal C oliform s 
(C FU /m l)

Fecal C oliform s 
(C FU /m l)

Pseudomonas sp 
(C FU /m l)

Ensure based solutions  
Fresh fruits based  solutions 
C ook ed  vegetab les based solutions  
M eat broth based  solutions  
M ilk  based  solutions

2 .5 X 1 0 6 + 1 .1 X 1 0 7

4 .4 X 1 0 5 ± 1 .5 X 1 0 6

4 .9 X 1 0 6 ± 1 .6 X 1 0 7

2 .2 X 1 0 7 ± 3 .7 X 1 0 7

1 .6X 10 6 ± 3 .2 X 1 0 6

2 .3 X 1 0 5 + 1 .1 X 1 0 7  

4 .3 X 1 0 5  ± 1 .4 X 1 0 6  

1 .4X 10 6 ± 1 .0 X 1 0 6  

2 .1 X 1 0 6±  1 .7X 10 6  

1 .0X 104+  1 .0X 10 2

1 .1 X 1 0 5 + 1 .2 X 1 0 5  
3 .4 X 1 0 5 ± 1 -4 X 1 0 6  

6 .4 X 1 0 6 ± 1 .9 X 1 0 7  

3 .6 X 1 0 5 ± 2 .2 X 1 0 4

1 .6 X 1 0 6 1 1 .2 X 1 0 6

Just 20% o f the samples analyzed satisfied the mentioned 
recommendation. There were no significant differences 
between the levels o f Gram negative bacilli found in the 
different samples analyzed nor among the hospitals evaluated.

The coliforms most frequently isolated are listed in Table
2. From the overall isolates done (n= 108), 27% corresponded 
to E n tero b a c ter  c loacae , 11% to E scherich ia  coli, 8% to 
Serra tia  sp ., 5% to K lebsie lla  p n eu m o n ia e  and 4.6% to 
E n tero b a c ter  sp. From the total isolates o f E. cloacae (n=29),

38% were done from commercial based enteral feeding 
samples, 17% from vegetable based samples and 14% from 
the other solutions. 71% (n=5) o f the E. agg lom érons, and 
31% (n=5) o f the K leb sie lla  pn eu m o n ia e  isolates were done 
from the commercial based solutions. This last Gram negative 
bacilli was also identified from 25% (n=4) o f the isolates done 
from enteral feeding solution samples elaborated from fruits 
and 31% (n=5) from the ones containing cooked vegetables.



T A B L E  2

P r e v a le n c e  o f  c o l i f o r m s  is o la te d  fro m  en tera l fo r m u la s

Bacteria N um ber o f  
iso lations %

Enterobacter sp. 5 4 .6
Enterobacter cloacae 29 2 7 .0
Klebsiella pneumoniae 16 15.0
Klebsiella oxytoca 4 4 .0
Citrobacter freundii 3 3.0
Enterobacter agglomerans 7 6 . 6

Serratia sp. 9 8.3
E. coli 1 2 11.3
E. hannanni 2 2 . 0

CDC Ent Group 41 2 2 . 0

Kluyvera 2 2 . 0

No identification 15 14.2
Total 108 1 0 0 . 0

E. co li w a s  id e n t if ie d  in  33 %  ( n = 4 4 )  o f  th e  is o la te s  m a d e  

fr o m  c o m m e r c ia l  b a se d  s o lu t io n s , in  67 %  (n = 5 )  o f  th e  is o la te s  

m a d e  fr o m  fru it  b a s e d  e n te r a l f e e d in g  s o lu t io n  s a m p le s  an d  

17%  (n = 5 )  o f  th e  i s o la t e s  m a d e  fro m  th e  c o o k e d  v e g e ta b le s  

b a se d  s o lu t io n s . Serra tia  sp. w a s  id e n t if ie d  in  3 3 %  (n = 3 )  o f  

th e  is o la t e s  r e a liz e d  fr o m  c o m m e r c ia l  b a se d  so lu t io n s  an d  in  

4 4 %  (n = 4 )  o f  th e  is o la t e s  m a d e  o u t  fro m  m e a t  b roth  or  m ilk  

p rep a red  so lu t io n s .

P seu d o m o n a s sp . w a s  is o la te d  in  m o r e  than 70 %  o f  th e  

s a m p le s  m a d e  fr o m  c o m m e r c ia l  b a se d  s o lu t io n s , fru its  an d  

v e g e ta b le s .  P. aeru g in o sa  a n d  P .flu o re scen s  w e r e  th e  s p e c ie s  

m o s t  fr e q u e n tly  is o la te d . T h e  l e v e l s  o f  th is  b a c te r ia  ra n g ed  

fr o m  1 0 ^  to  1 0 ' C F U /m L  (T a b le  1). T h e r e  w e r e  n o  s ig n if ic a n t  

d if f e r e n c e s  b e tw e e n  th e  l e v e l s  o f  th is  m ic r o o r g a n ism  in  th e  

d if f e r e n t  fo r m u la s  ( p > 0 .0 5 ) .  F r o m  th e  to ta l n u m b e r  o f  

P s e u d o m o n a s  s tr a in s  e v a lu a te d  fo r  a n tib io t ic s  s e n s ib il ity  

(n = 3 0 ) ,  1 00%  w e r e  r e s is ta n t  to  a z tr e o n a m  an d  t ic a r c illin , an d  

28 %  to  m e z lo c i l l in .  A l l  stra in s  w e r e  s e n s ib le  to  th e  o th e r  

a n tib io t ic s  t e s te d .

L is teria  sp. w a s  n o t  i s o la t e d  fr o m  a n y  o f  th e  s o lu t io n s  

a n a ly z e d .

D ISCUSSIO N

E n tera l f e e d in g  s o lu t io n s  c o n ta m in a te d  w ith  n u m b ers  o f  

G ra m  n e g a t iv e  b a c i l l i  ra n g in g  fr o m  10^  to  10^  C F U /m l h a v e  

b e e n  r ep o rted  a s  c a u s e  o f  v a r io u s  c l in ic a l  sy n to m s  (3 -6 ) .  

A lth o u g h  th e  n u m b e r  o f  b a c te r ia  n e e d e d  fo r  c a u s in g  c l in ic a l  

s ig n s  a n d  sy m p to m s  o f  d ia rrh ea  is  u n k n o w n , p a tie n ts  that 

r e c e iv e  th is  k in d  o f  n u tr it io n a l su p p o rt p resen t a  b ig g e r  

v u ln e r a b il it y  to  d if f e r e n t  p a th o g e n s . W h e n  a  p a tie n t  is  

im m u n o c o m p r o m is e d  or  r e c e iv in g  a n tib io t ic  trea tm en t, the  

n u m b e r  o f  b a c te r ia  n e e d e d  fo r  c o lo n iz in g  th e  in te s t in e  an d  

d e v e lo p in g  in fe c t io n  m a y  b e  c o n s id e r a b ly  lo w e r  ( 1 1 , 1 2 ). 

S o m e  r e s e a r c h e r s  h a v e  re p o r te d  th a t  1 0 ^ o r g a n is m s /m L  o f

f e e d  are e n o u g h  to  resu lt  in  c o lo n iz a t io n  (1 3 ) . T h e  a v e r a g e  

c o u n ts  o f  to ta l an d  fe c a l  c o l i f o r m s  an d  P se u d o m o n a s  fo u n d  in  

th is  stu d y  are v e r y  h ig h , in d ic a t in g  that e n te r a l f e e d in g  m a y  b e  

an  im p o rta n t in fe c t io u s  f o c u s  fo r  h o sp ita la r y  p a tie n ts . T h is  is  

m o r e  cr it ica l d u e  to  th e  fa c t  tha t s o m e  o f  th e  P se u d o m o n a s  

stra in s  iso la te d  p r e se n t r e s is ta n c e  to  s o m e  o f  th e  c o m m o n  

a n tib io t ic s  u se d  in  the  c l in ic a l  m a n a g e m e n t  o f  th e s e  p a tie n ts .

T h e  p r e s e n c e  o f  to ta l c o l i f o r m s  in  s a m p le s  r e c e iv in g  h ea t  

trea tm en t ( in c lu d in g  v e g e ta b le s , m e a t  b ro th  an d  m ilk )  or  

c o m m e r c ia l  b a se d  sa m p le s  (E n su r e ® )  s h o w s  up  im p o r ta n t  

h y g ie n e  d e f ic ie n c ie s ,  s in c e  th e s e  b a c i l l i  are th e m o la b ile , s o  its  

p r e s e n c e  i s  u n ju s tif ie d .

T h e  p r e se n c e  and a sso c ia t io n  o f  E. cloacae, E. agglom erans  
a n d  K. pn eu m o n ia e  w ith  b lo o d s tr e a m  o r  g a str o in te s t in a l  

in fe c t io n s  h a s  b e e n  rep o rted  in  o th e r  s tu d ie s  ( 2 ,7 ) .  T h e ir  

p r e s e n c e  in  th is  s tu d y  is  r e le v a n t , s in c e  P seudom onas  and  

th e se  G ram  n e g a t iv e  b a c il i  c o n s t itu te  th e  p r in c ip a l c a u sa t iv e  

a g e n t  o f  in tr a h o sp ita la ry  in fe c t io n s  in  C o s ta  R ic a  ( 8 ).

T h e  p r e se n c e  o f  fe c a l c o lifo r m s  in  en tera l fe e d in g  so lu t io n s  

r e p resen ts  a  r isk  fo r  th e  h e a lth  o f  th e se  p a tie n ts  d u e  to  th e  

p o s s ib le  p r e s e n c e  and  tr a n sm iss io n  o f  en te r ic  p a th o g e n s  (9 ) .  

F r o m  th e  f iv e  d iffe r e n t  h o sp ita ls  e v a lu a te d , n o n e  p r e se n te d  an  

a d eq u a te  n u m b e r  o f  fe c a l  c o l i f o r m s  in  th e ir  en tera l f e e d in g  

so lu t io n s .

P seudom onas sp. r e p r e se n ts  a  rea l p r o b le m  fo r  p a tie n ts  

r e c e iv in g  th is  k in d  o f  n u tr it io n a l su p p o rt. T h e  n u m b ers  o f  

P seudom onas iso la ted  fr o m  e a c h  k in d  o f  s o lu t io n  a n a ly z e d  

are q u ite  b ig , and  th e  m o st  c o m m o n  s p e c ie s  id e n tif ie d  w e r e  P. 
a erug inosa  an d  P .flu o rescen s .  A lth o u g h  th is  is  a  w id e sp r e a d  

b a cter ia , it  is  o n e  o f  th e  m o s t  im p o r ta n t c a u s e s  o f  in v a s iv e  

in fe c t io n  in  c o m p r o m is e d  p a tie n ts . A l s o ,  o f  the  p a th o g e n ic  

b a c te r ia , P. aerug inosa  i s  th e  o r g a n ism  m o s t  c o n s is te n t ly  

r e s is ta n t  to  a n tim ic r o b ic s  (1 4 ) .  A  p o s s ib le  s o u r c e  o f  th e se  

b a cter ia  m a y  b e  w a ter  u se d  e ith e r  fo r  th e  h y g ie n e  o f  e q u ip m e n t  

or fo r  th e  r e c o n s titu tio n  o f  c o m m e r c ia l  b a se s , s in c e  th e  

is o la t io n  o f  P seudom onas sp. fr o m  h o sp ita la r y  w a te r  h a s  b e e n  

r ep o rted  in  C o s ta  R ic a . (M o r a  D . U n p u b lis h e d  d ata )

L isteria  sp. w a s  n o t  is o la te d  fr o m  th e  s a m p le s  a n a ly z e d . 

T h is  m a y  b e  in te rp re te d  as a  s l ig h t  im p r o v e m e n t  in  th e  C o s ta  

R ic a n  n u tr itio n  h o sp ita la r y  s e r v ic e s , s in c e  an  e a r lie r  w o r k  

rep o rts a 17%  is o la t io n  o f  th is  b a c te r ia  fro m  en tera l f e e d in g

( 1 5 ) .  T h e  o th e r  in d ic a to r s  e v a lu a t e d  d o  n o t  s h o w  a n y  

im p r o v e m e n t  a c c o r d in g  to  e a r lie r  w o rk .

C a s e w e ll  h a s  p o in te d  o u t tha t th e  b a c te r io lo g ic a l  h azard  

o f  c o n ta m in a te d  fe e d  m a y  n o t b e  o n ly  fo r  in d iv id u a l p a tie n ts  

w h o  su ffe r  g a str o e n te r it is , c o lo n iz a t io n  or  o th e r  in fe c t io n

( 1 6 ) .  It i s  a ls o  p o s s ib le  that f e e d s  c o n ta m in a te d  w ith  G ram  

n e g a t iv e  b a c il l i  b ea r in g  p la sm id s  that c o n fe r  m u lt ip le  a n tib io tic  

r e s is ta n c e  m a y  p r o v id e  n e w  f e c a l  r e se r v o ir s  fo r  d is s e m in a t io n  

o f  th e s e  o r g a n ism s  a m o n g  g r o u p s  o f  h ig h -r is k  p a tie n ts . L e v y  

e t  a l. h a v e  sh o w n  that th e  p la s m id  p r o f i le  o f  G ram  n e g a t iv e  

e n te r ic  p a th o g e n s  r e c o v e r e d  fro m  en tera l n u tr itio n  r e m a in e d  

id e n t i c a l  f o r  s e v e r a l  m o n t h s ,  in d ic a t in g  lo n g  la s t i n g



contamination with a limited number of strains (6).
It is important to analyze the origin of all this contamination, 

in order to suggest possible solutions. Muy tjens et al. strongly 
suggest that contamination o f  feed ingredients themselves 
may provide the source of pathogenic microorganisms (17). 
Several studies indicate that fruits and vegetables used in 
hospital food services carry Gram negative bacteria such as P. 
a eru g in o sa , K le b s ie lla  or E n tero b a c te r  sp e c ie s  (2). 
Nevertheless, these microorganisms are thermolabil and sen­
sible to disinfecting agents of common use in the hospital 
kitchen, therefore, its presence in enteral solutions suggests 
inadequate manipulation procedures. In commercial based 
preparations, the only possible contamination source is due to 
bad manufacturing practices. Nevertheless, studies by 
Simmons et al. and by Muytjens et al. suggest that the 
contaminating bacteria might be present in the powdered 
ingredients (17,18).

Previous studies support that the incidence o f  formula 
contamination is directly related to the degree o f manipulation 
required for its preparation (10). However, in this study no 
differences in the levels o f contamination of the formulas 
were observed. Complex preparations such as those prepared 
with fruits or cooked vegetables showed contamination levels 
as high as the ones present in the commercial based solutions 
(Ensure®). This may be reflex o f  inadequate preparation 
conditions o f the solutions in the hospitalary services, since 
there is no defined and exclusive area assigned for their 
elaboration. The equipment is shared for the manufacture of 
other preparations and the personal does not have adequate 
training in the field.

In spite o f  the contamination origin, it is urgent to assure 
strict hygiene during the preparation and handling of all 
enteral feed in order to avoid bacterial growth. Anderton has 
shown that bacteria may survive and multiply even in feeds 
with low pH and high osmolarity (19). The implementation of 
HACCP (Hazard Analysis and Critical Control Points) system 
is required for assuring better quality control o f enteral 
nutrition mixtures.
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