
ARCHIVOS LATINOAMERICANOS DE NUTRICION
Organo Oficial de la Sociedad Latinoamericana de Nutrición Vol. 53 N° 3. 2003

Microbiological contamination of enteral feeding 
solutions used in Costa Rican Hospitals

M aria Laura Arias, Rafael M onge y  Carolina Chávez

Facultad d e M icrob io log ía , U niversidad d e C osta R ica. Instituto Costarricense d e Investigación
y Enseñanza en N utrición y Salud

SUMMARY. 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. Nevertheless, enteral feeding may be an important 
cause of bacterial infection. The aim of this study was to evaluate 
the microbial contamination level o f enteral feedings distributed in 
Costa Rican hospitals. A total o f 124 samples o f enteral feeding, 
coming from five different hospitals from San José, Costa Rica, were 
evaluated during the second semester o f 1997 and first of 1998 for 
the presence and  iden tif ica tio n  o f  total and fecal coliform s. 
Pseudomonas sp. and Listeria sp. A subpopulation of the Pseudomonas 
isolated was analyzed for their antibiotic susceptibility patterns. The 
concentration o f Gram negative rods in the samples o f enteral feeding 
solutions ranged from 1(>’ to 107 CFU/mL, markedly exceeding the 
permissible level (102 CFU/mL or less). The coliforms most frequently 
isolated included Enterobacter cloacae, Escherichia coil, Serrana 
sp. and Klebsiella pneumoniae. Pseudomonas sp. was isolated in more 
than 70% o f the samples made from commercial based solutions, 
fruits and vegetables. P. aeruginosa and P. fluorescens were the species 
most frequently isolated. Listeria sp. was not isolated from enteral 
solutions samples. The results obtained demonstrate that it is urgent 
to assure strict hygiene during the preparation and handling of all 
enteral feed in order to avoid bacterial growth. The implementation 
of HACCP (Hazard Analysis and Critical Control Points) system will 
be required in a near future for better quality control of enteral nutrition 
mixtures.
Key w o rd s: E nteral feed ing , m icrobio log ical contam ination , 
Pseudomonas, Listeria, coliforms.

R ESU M EN . C on tam inación  m icrobiologica de soluciones de 
alim entación  en te ra l en hosp ita les costarricenses. El objetivo 
de este estudio fue evaluar el nivel de contaminación microbiológica 
presente en fórm ulas de alim entación enteral distribuidas en 
hospitales costarricenses. Durante el segundo semestre de 1997 se 
evaluó la presencia de coliformes totales y fecales, Pseudomonas 
sp. y Listeria  sp. en 124 m uestras de a lim entación  enteral 
provenientes de cinco diferentes hospitales de San José, Costa Rica. 
También, se determinó el patrón de sensibilidad a los antibióticos 
a  una subpoblación de Pseudomonas sp. La concentración de bacilos 
Gram negativos en las muestras de soluciones entérales osciló entre 
10’ y 107 UFC/ml, excediendo de manera im portante el límite 
permisible (102 UFC/ml o menos). Los coliformes aislados con 
mayor frecuencia incluyeron Enterobacter cloacae, Escherichia 
coli, Serratia sp. y Klebsiella pneumoniae. Pseudomonas sp. fue 
aislada en más del 70% de las muestras hechas a partir de soluciones 
comerciales, frutas y vegetales. P. aeruginosa y P. fluorescens 
fueron las especies aisladas con mayor frecuencia. No se aisló 
Listeria sp. a partir de las muestras evaluadas. Los resultados 
obtenidos demuestran que es urgente el asegurar una higiene estricta 
durante la preparación y manipulación de la alimentación enteral, 
de manera que se controle el crecimiento bacteriano. Es necesaria 
la im plem entación del sistem a ARPCC (Análisis de Riesgos y 
Puntos Críticos de Control) en un corto tiempo con el fin de asegurar 
un mejor control de calidad de las mezclas de nutrición entera). 
P a la b r a s  c lav e : A lim en tac ión  en te ra l, co n tam inac ión  
microbiológica, Pseudomonas, Listeria, coliformes.

IN T R O D U C T IO N

E n te ra l  f e e d in g  is  th e  m o s t  c o m m o n  a n d  p re f e r r e d  
m odality fo r  p ro v id in g  n u tr itio n a l su p p o r t to  hosp ita l pa tien ts 
with a fu n c tio n a l g a s tro in te s tin a l trac t th a t can  no t satisfy  
their nu tritional req u irem en ts , d u e  to  an  in adequa te  oral in take 
of energy  an d  n u tr ien ts  ( 1 ).

C om plica tions o ccu rring  d u rin g  en tera l nutrition  have been 
considered trad itionally  to  be  ra re  and  essentially  non-infectious. 
As a c o n s e q u e n c e ,  in f e c t io n  c o n tro l  p ro c e d u re s  d u r in g  
preparation and  adm in istra tion  o f  enteral feeding solutions have 
been  le s s  a s s id u o u s  th a n  f o r  p a r e n te r a l  n u tr i t io n  ( 2 ).

Nevertheless, markedly contaminated enteral feed, containing 
103 to 109 Gram negative bacilli/m L, has been reported to 
cause, not only diarrhea, but also sepsis, pneumonia and urinary 
tract infections (3-6). A lso , considerable evidence indicates 
that enteral feeding contaminated with bacteria may be cause 
o f  severe nosocom ial infection (2).

Several factors contribute to the developm ent o f  these  
in fections in hospitalary patients, including the fact that the 
resistance o f  the d igestive tract to bacteria acquired orally is 
reduced considerably because o f  different situations, such as 
stress, severe illness, antibiotic treatment and antiacids or 
histam ine type 2 blockers (2 ,7 ).
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In  C o sta  R ica, th e  p revalence  o f  nosocom ial in fections is 
very h igh , around  1 0 %  ( 8 ), how ever, little  a tten tion  seem s to 
be  p a id  to  th e  m ic ro b io lo g ica l q u a lity  o f  en te ra l feed in g  
so lu tions. T he  aim  o f  th is  study  w as to  evalua te  the m icrob ial 
con tam ina tion  level o f  en tera l feed in g s used  in C osta  R ican 
hosp ita ls , inc lud ing  th e  iden tification  o f  G ram  negative rods 
an d  th e  a n tib io t ic  su s c e p tib i l i ty  p a tte rn s  p re s e n t in  th e  
P seu d o m o n aceae  iso lated .

M A T E R IA L S  A N D  M E T H O D S

F rom  Ju ly  1997 to  Ju n e  1998, 124 sam ples o f  en te ra l 
feed ing , com ing  from  th e  five m ajo r hosp ita ls  from  San Jose, 
C osta  R ica, w ere evalua ted  fo r th e  p resence  o f  total and  fecal 
co lifo rm s, Pseudom onas  sp. and  Listeria  sp. Sam ples w ere 
random ly  taken  a t the nu tritional hosp ita lary  serv ices, from  
the  fo o d  d a ily  su p p lied  to  p a tien ts  th a t need  th is k ind  o f  
nu tritional support.

T he  m ethodo logy  used  in th e  sam ple  analysis is the one 
described  by V anderzan t and  S p littstoesser fo r the analysis 
o f  m icroorgan ism s in food  (9). B riefly , fo r the iso lation  o f  
Listeria, 25 g o f  each  sam ple w ere  tran sfe rred  to  225 m L  
U V M  b ro th  (U n iv e r s ity  o f  V e rm o n t m o d if ie d  L iste ria  
en rich m en t b ro th) and  incubated  fo r 22  + /- 2 h at 30°C . A fter 
th is , 0 .1  m L  w as tra n s fe rre d  to  10 m L  F ra se r  b ro th  and  
in cu b a ted  a t 37°C  fo r 24 + /- 2  h . A fte r the en richm en t, a  
loop  w as streaked  on th e  surface  o f  O xford  agar, incubated  
a t 37°C  fo r 48 h and  evalua ted  fo r th e  p resence  o f  typ ical 
L is te r ia  c o lo n ie s .  T h e s e  w e re  c o n f i r m e d  b y  H e n ry  
il lu m in a t io n , m o rp h o lo g y  a n d  G ra m  s ta in in g , m o tility , 
hem olysis  p ropertie s, C A M P  (C hristie , A tk in s and  M unch- 
P e te rson ) b ehav io r w ith  Staphylococcus aureus, xy lose  and  
rh am n o se  u tiliza tion .

F o r th e  total and  fecal co lifo rm s quantification , ten fo ld

d ilu tions w ere  p repared  w ith  sterile  pep tonated  water (PW)
0.1% . From  each dilution, a  1 m L  aliquot w as spreaded in bile- 
red-vio le t agar (O xoid), covered w ith additional layer o f agar 
and incubated a t 37°C  fo r 48  h fo r total coliform s and 44_5”C 
a t 24 h fo r fecal coliform s. C oliform  species identification was 
done using A P I®  system  20E  fo r Enterobacteriaceae.

T he iso lation  and  quan tifica tion  o f  Pseudomonas sp. was 
d o n e  using  F  agar (O xo id ) and  th e  b iochem ica l confirmation 
in c luded  the  ox idase , ca ta lase , tr ip le -sugar-iron  (TSI), and 
ferm en ta tion /u tiliza tion  o f  ca rbohyd ra tes  assays.

A  s u b p o p u la tio n  o f  th e  P seu d o m o n a s  iso la te d  was 
a n a ly z e d  fo r  th e ir  a n t ib io t ic  s u s c e p tib i l i ty  p a tte rn s . A 
B io m e rie u x  V itek  w as u se d , a n d  th e  a n tib io t ic s  tested 
in c lu d ed  am ik ac in , a z treo n am , ce fta z id in e , ciprofloxacin, 
g en tam ic in , im ipenem , m ezloc illin , p ipe rac illin , ticarcillin 
and  tob ram ycin .

D ata  w ere  analyzed  using  ANO VA , availab le  in  the SPSS 
package, version  6 .0 .1 .

R E S U L T S

A  total o f  124 en te ra l feed ing  so lu tions w ere  evaluated 
fo r th e  p resence  o f  d iffe ren t bacte ria . 50%  o f  th e  samples 
w ere  m ade  o u t from  co m m erc ia l bases (E nsu re® ), and the 
o th e r 50%  w ere  so lu tions p rep a red  a t th e  n u tritiona l hospital 
se rv ices  w ith  e ith e r fresh  fru its  (18% ), co o k ed  vegetables 
(2 7 % ) ,  m e a t  b r o th  (2 % )  o r  m i lk  (3 % ) .  T h e  average  
tem p era tu re  o f  the  sam p les a t th e  co llec tion  tim e  w as o f  25- 
30°C  and  th e  average  pH  w as o f  5 .9  +1.

T h e  concen tra tio n  o f  G ram  nega tive  ro d s  found  in the 
sam p les o f  en tera l feed in g  so lu tions ran g ed  from  1 0 ’ to 10’ 
C F U /m L  (T able 1), m arked ly  exceed ing  th e  perm issib le  level 
(1 0 2 C F U /m L  o r  le s s )  d e te rm in e d  b y  A n d e rto n  et al. in 
E n g lan d  (10).

T A B L E  1

L evels o f  G ram  negative  b ac te ria  fo u n d  in  en te ra l feed ing  so lu tions

Enteral feeding 
solution

Total Coliforms Fecal Coliforms Pseudomonas sp.
(CFU/ml) (CFU/ml) (CFU/ml)

Ensure based solutions 
Fresh fruits based solutions 
Cooked vegetables based solutions 
Meat broth based solutions 
Milk based solutions

2.5X106 ±  1.1X107 
4.4X105 ±  1.5X106 
4.9X10*+ 1.6X107 
2.2X107 ±  3.7X107 
1.6X10*+ 3.2X10*

2 .3 X 1 0 * 1 1.1X107 
4.3X 10*1 1.4X10* 
1.4X10*1 1.0X10* 
2.1X10*1 1.7X10* 

1.0X104 1  1.0X105

1.1X10*1 1.2X10* 
3.4X10*11.4X10*  
6 .4 X 1 0 * 1 1.9X107 
3.6X10* 1 2 .2 X 1 0 4
1.6X10*11.2X10*
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Just 20%  o f  the  sam ples analyzed  satisfied  the m en tioned  
recom m endation . T h e re  w e re  no  s ig n if ic a n t d if fe re n c e s  
between th e  lev e ls  o f  G ram  neg a tiv e  b ac illi fo u n d  in  the 
different sam ples analyzed  nor am ong the hosp ita ls evaluated.

The co lifo rm s m ost frequen tly  iso la ted  a re  listed  in Table
2. F rom  th e  o v e r a l l  i s o la te s  o b ta in e d  ( n = 1 0 8 ) ,  2 7 %  
corresponded to  Enterobacter cloacae, 11 % to Escherichia 
coli, 8% to  Serratia sp ., 5%  to  Klebsiella pneumoniae and 
4.6% to Enterobacter sp. F rom  the to tal iso la tes o f  E. cloacae 
(n=29), 38%  w ere  ob ta ined  from  com m ercia l based  enteral 
feeding sam ples, 17% from  vegetab le  based  sam ples and  14% 
from the o ther so lu tions. 71%  (n=5) o f  th e  E. agglomerans, 
and 31 % (n= 5) o f  th e  Klebsiella pneumoniae iso lates w ere 
done from  the com m erc ia l based  so lu tions. T h is las t G ram  
negative bacilli w as also  iden tified  from  25%  (n= 4) o f  the 
isolates done from  enteral feed ing  solu tion  sam ples elaborated  
from fru its and 31%  (n= 5) from  the ones con ta in ing  cooked  
vegetables.

TA B L E  2
Prevalence o f  co lifo rm s iso lated  from  en tera l fo rm ulas

Bacteria Number of isolations %

Enterobacter sp. 5 4.6
Enterobacter cloacae 29 27.0
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 12 11.3
E. harmanni 2 2 .0

CDC Ent Croup 41 2 2 .0

Kluyvera 2 2 .0

Non identified 15 14.2
Total 108 1 0 0 .0

E. coli w as iden tified  in  33%  (n= 44) o f  th e  iso lates m ade  
from com m ercia l based  so lu tions, in 67%  (n= 5) o f  the iso lates 
made from  fru it based  en tera l feed ing  so lu tion  sam ples and 
17% (n=5) o f  the  iso la tes m ad e  from  th e  co oked  vegetab les 
based so lu tions. Serratia sp . w as iden tified  in 33%  (n= 3) o f  
the isolates rea lized  from  com m ercia l based  so lu tions an d  in 
44 % (n= 4) o f  th e  iso lates m ad e  o u t from  m ea t b ro th  o r  m ilk  
prepared so lu tions.

Pseudomonas sp . w as iso la ted  in  m ore  than  70%  o f  the 
samples m ad e  fro m  com m ercia l based  so lu tions, fru its  and  
vegetables. P. aeruginosa and P. fluorescens w ere  th e  species 
most frequen tly  iso la ted . T h e  levels o f  th is b ac te ria  ranged  
from 10“ to  107 C F U /m L  (T able 1). T h ere  w ere  no  sign ifican t 
differences betw een  th e  levels o f  th is m icroorgan ism  in  the 
d iffe ren t fo rm u la s  (p > 0 .0 5 ) . F ro m  th e  to ta l n u m b e r  o f

Pseudomonas stra in s  ev a lu a ted  fo r  an tib io tic s  sen s ib ility  
(n= 30 ), 100%  w ere  re s is tan t to  az treonam  an d  tica rc illin , 
and  28%  to  m ezlocillin . A ll stra ins w ere sensib le  to  th e  o th er 
an tib io tics  tested .

Listeria sp. w as no t iso la ted  from  any o f  th e  so lu tions 
analyzed .

D IS C U S S IO N

Enteral feeding solutions contam inated  w ith num bers o f  
G ram  negative bacilli ranging from  103 to  109 C FU /m l have 
been  rep o rted  as cau se  o f  various c lin ica l sy n to m s (3-6). 
A lthough the num ber o f  bacteria needed for causing clinical 
signs and  sym ptom s o f  d ia rrhea  is unknow n, pa tien ts tha t 
re ce iv e  th is  k in d  o f  n u tr itio n a l su p p o r t p re se n t a  b ig g e r  
v u ln e ra b il ity  to  d if fe re n t p a th o g e n s . W h en  a  p a tie n t is 
im m unocom prom ised  or receiv ing  antib io tic treatm ent, the 
num ber o f  bacte ria  needed  fo r co lon izing  the in testine and  
developing infection m ay be  considerably low er (11,12). Som e 
researchers have reported  that 104 organism s/m L  o f  feed are  
enough to result in colonization (13). T he average counts o f  
total and fecal coliform s and  Pseudomonas found in this study 
a re  very  h ig h , in d ic a tin g  th a t e n te ra l feed in g  m ay  b e  an 
im portan t infectious focus fo r hospitalary patients. T his is m ore 
critical due  to  th e  fact th a t som e o f  the Pseudomonas strains 
isolated present resistance to  som e o f  th e  com m on antibiotics 
used  in the clin ical m anagem ent o f  these patients.

T h e  p resence  o f  to tal co lifo rm s in  sam ples rece iv ing  hea t 
tre a tm en t ( in c lu d in g  vege tab les, m ea t b ro th  and  m ilk ) o r  
com m erc ia l based  sam p les (E nsu re® ) show s u p  im p o rtan t 
h yg iene  defic iencies, s ince  these  bacilli a re  them o lab ile , so  
its p resence  is un justified .

T h e  p r e s e n c e  a n d  a s s o c ia t i o n  o f  E. c loacae, E. 
agglom erans  a n d  K. pneum oniae  w ith  b lo o d s tre a m  o r  
gastro in testina l in fec tions h as been  repo rted  in  o th e r s tud ies 
(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  
Pseudomonas and  these  G ram  negative bac illi co n stitu te  th e  
p rin c ip a l cau sa tiv e  a g e n t o f  in trah o sp ita la ry  in fec tio n s  in  
C o sta  R ica  (8 )r.

T h e  p re s e n c e  o f  fe c a l  c o li fo rm s  in  e n te r a l  f e e d in g  
so lu tio n s rep resen ts  a  risk  fo r th e  hea lth  o f  th ese  p a tien ts  
d u e  to  th e  p o ss ib le  p re sen ce  a n d  tran sm iss io n  o f  en te r ic  
p a th o g en s (9). F rom  th e  five d iffe ren t hosp ita ls  evalua ted , 
n o n e  p resen ted  an  ad eq u a te  n u m b er o f  feca l co lifo rm s in  
th e ir  en tera l feed ing  solu tions.

Pseudomonas sp. rep resen ts  a  rea l p rob lem  fo r p a tien ts  
receiv ing  th is k ind  o f  nu tritional support. T h e  num bers o f  
Pseudomonas iso la ted  from  each  k ind  o f  so lu tion  analyzed  
w ere  qu ite  b ig , and  th e  m o s t com m on species iden tified  w ere  
P. aerug inosa  a n d  P. flu orescens. A lth o u g h  th is  is  a  
w idespread  bacte ria , it is o n e  o f  th e  m ost im portan t causes 
o f  invasive in fection  in  com p ro m ised  patien ts. A lso , o f  the
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p a th o g e n ic  b a c te r ia , P. aerug inosa  is th e  o rg a n ism  m o st 
consisten tly  re s is tan t to  an tim icrob ics (14 ). A  poss ib le  source 
o f  these  b ac te ria  m ay  b e  w ater u sed  e ith e r fo r  th e  hy g ien e  o f  
equ ipm en t o r fo r  the reconstitu tion  o f  com m ercia l bases, since 
th e  iso la tion  o f  Pseudom onas sp. from  hosp ita la ry  w ater has 
b een  rep o rted  in C o sta  R ica  (M ora  D . U npub lished  data).

Listeria  sp. w as n o t iso la ted  from  th e  sam p les analyzed. 
T h is  m ay  be  in terp re ted  as a  sligh t im provem en t in the C osta  
R ican  n u trition  hosp ita la ry  serv ices, s in ce  an ea rlie r w ork 
reports a  17% iso lation  o f  th is bac te ria  from  en tera l feed ing  
(1 5 ) . T h e  o th e r  in d ic a to rs  e v a lu a te d  d id  n o t show  any 
im provem en t acco rd ing  to  earlie r w ork.

C asew ell h as  po in ted  o u t th a t th e  bacte rio log ica l hazard  
o f  co n tam in a ted  feed  m ay  n o t b e  o n ly  fo r ind iv idual patien ts 
w ho  suffer gastroen te ritis, co lon iza tion  o r o th er infection  (16). 
I t  is also  po ss ib le  th a t feeds con tam ina ted  w ith  G ram  negative 
b a c il l i  b e a r in g  p la s m id s  th a t  c o n fe r  m u l tip le  a n tib io tic  
res istance  m ay  p rov ide  new  fecal reservo irs fo r d issem ination  
o f  these  o rgan ism s am o n g  g ro u p s o f  h ig h -risk  patien ts . Levy 
et al. (5 ) have show n th a t th e  p lasm id  pro file  o f  G ram  negative 
en teric  pa thogens recovered  from  en tera l n u trition  rem ained  
id e n t ic a l  f o r  s e v e ra l  m o n th s ,  in d ic a t in g  lo n g  la s t in g  
co n tam in a tio n  w ith  a  lim ited  n u m b er o f  stra in s (6 ).

I t  is  im p o r t a n t  to  a n a ly z e  th e  o r ig in  o f  a l l  th i s  
c o n ta m in a t io n , in  o rd e r  to  s u g g e s t p o s s ib le  s o lu tio n s . 
M uy tjens et al. strong ly  suggest tha t con tam ination  o f  feed 
ing red ien ts them selves m ay  p rov ide  the source  o f  pathogenic  
m icroo rgan ism s ( 17). Several stud ies ind ica te  th a t fru its  and 
vegetab les used  in hosp ita l food  serv ices carry  G ram  negative 
b ac te ria  such  as P. aeruginosa, K lebsiella  o r Enterobacter 
s p e c ie s  (2 ) .  N e v e r th e le s s ,  th e s e  m ic ro o rg a n is m s  a re  
therm o lab il and  sens ib le  to  d is in fec ting  agen ts o f  com m on 
use  in  th e  hosp ita l k itchen , therefo re , its p re sen ce  in en teral 
so lu tions suggests in ad eq u a te  m an ip u la tio n  p rocedu res. In 
c o m m e r c ia l  b a s e d  p r e p a r a t i o n s ,  th e  o n ly  p o s s ib le  
con tam ina tion  source  is d u e  to  bad  m anufac tu ring  practices. 
N evertheless, stud ies by  S im m ons et al. and  by  M uytjens et 
al. su g g est tha t the co n tam in a tin g  b ac te ria  m ig h t be  presen t 
in th e  pow dered  ing red ien ts (17 ,18).

P rev ious s tud ies su p p o rt th a t th e  in c id en ce  o f  fo rm u la  
contam ination  is directly  related  to  th e  degree o f  m anipulation 
requ ired  fo r its p reparation  (10). H ow ever, in this study no 
differences in  the levels o f  contam ination o f  the form ulas w ere 
observed. C om plex preparations such as those prepared w ith 
fruits or cooked vegetables show ed contam ination  levels as high 
a s  th e  o n e s  p re s e n t  in  th e  c o m m e rc ia l b a s e d  so lu tio n s  
(E n su re® ). T h is  m ay  b e  re flex  o f  in ad eq u a te  p rep ara tio n  
cond itions o f  the solu tions in the hospitalary  services, since 
th e re  is  no  d e fin ed  and  e x c lu s iv e  a rea  a ss ig n ed  fo r th e ir  
elaboration. T he equipm ent is  shared fo r the m anufacture o f  
o ther p reparations and  the personal does n o t have adequate 
training in th e  field.

In  sp ite  o f  th e  co n tam in a tio n  o rig in , it is u rg en t to  assure 
s tr ic t h y g ie n e  d u rin g  th e  p re p a ra tio n  an d  h an d lin g  o f  all 
en te ra l fe ed  in  o rd e r to  avoid  b ac te ria l g row th . A nderton  has 
show n th a t bac te ria  m ay su rv ive  an d  m u ltip ly  even in feeds 
w ith  low  pH  and  h igh  o sm o larity  (19 ). T h e  im plem entation 
o f  H A C C P  (H azard  A n a ly sis  an d  C ritica l C o n tro l Points) 
system  is requ ired  fo r assuring  b e tte r quality  con tro l o f  enteral 
nu trition  m ix tu res.
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