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Abstract
Background: To identify the microorganisms that can grow rapidly in total parenteral nutrition (TPN) solutions, we investigated the growth of the major causes of catheter-related
blood stream infection (Staphylococcus aureus, Serratia marcescens, Bacillus cereus, and Candida
albicans) in TPN solutions containing lipid. Methods: The pH value of a TPN solution containing lipid (pH 6.0, containing 20 ppm of NaHSO3) was adjusted by the addition of HCl to
5.7, 5.4, or 4.9. The pH value of another TPN solution (pH5.5, containing 400 ppm of
NaHSO3) was adjusted by the addition of NaOH to 5.9, 6.3, or 6.8. A specific number of each
microorganism was added to 10 mL of each test solution and incubated at room temperature.
The number of microorganisms was counted as colony forming units at 0, 24, and 48 hrs later.
Results: C albicans increased similarly at any pH values in the TPN solution. The bacterial
species also increased rapidly at pH6.0 in the solution containing 20 ppm of NaHSO3, but
growth was suppressed as the pH value was reduced, with growth halted at pH4.9. However,
these bacterial species did not increase, even at pH5.9, in the other solution containing 400
ppm of NaHSO3. Conclusions: These results suggest that Candida species can grow rapidly in
almost all TPN solutions regardless of the acidity, lipid, and NaHSO3; also, some bacterial
species may grow in TPN solutions containing lipid unless the pH value is 5.0 or less.
Therefore, each TPN solution should be examined whether or not the bacterial species can
proliferate.
Key words: CRBSI, microbial growth, TPN solution, lipid, pH, bisulfite

INTRODUCTION
Catheter-related blood stream infection (CRBSI)
is one of the most common complications of intravenous catheters.1-3 To reduce or prevent CRBSI, factors that enhance or inhibit microbial growth in parenteral solutions should be investigated and identified. Total parenteral nutrition (TPN) solutions are
considered to be relatively good growth media for
microorganisms,1,4 whereas a number of investigators
have shown that TPN solutions are poor growth me-

dia for most microorganisms that cause CRBSI, with
the exception of Candida species.5-9 Likewise, we have
previously confirmed that while bacterial species do
not grow in TPN solutions without lipid, Candida
species grow rapidly.10 Our data have shown that
bacterial species cannot grow due to the acidity, but
Candida species can grow regardless of the acidity.10 In
contrast, most microorganisms grow rapidly in commercial lipid emulsions,11-15 and sporadic CRBSI and
http://www.medsci.org
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outbreaks have been traced to contaminated lipid
emulsion.16,17 Because lipid emulsions have been
shown to contribute to the rapid growth of most microorganisms that cause CRBSI, it can be assumed that
TPN solutions containing lipid promote the microbial
growth compared with TPN solutions without lipid.18
Consequently, the Center for Disease Control and
Prevention (CDC) has recommended that when any
infusion solutions containing lipid are administered,
the entire delivery system such as the administration
set be replaced every 24 hours.19
As the major causes of CRBSI, Staphylococcus
aureus, Staphylococcus epidermidis, Serratia marcescens, Escherichia coli, Klebsiella pneumonia, Candida albicans, etc. were shown.2,3,6,11 Furthermore,
blood stream infection outbreaks of Bacillus cereus via
intravenous line were recently reported in Japan.20 In
the present study, we investigated the growth in TPN
solutions containing lipid of the same microorganisms
studied previously:10 ie, Staphylococcus aureus as a
delegate of gram positive cocci, Serratia marcescens as
a delegate of gram negative rods, Bacillus cereus as a
delegate of gram positive rods, and Candida albicans
as a delegate of fungi. To clarify whether the acidity of
TPN solutions suppresses microbial growth in the
presence of lipid, the growth of all strains employed
were investigated at various pH values in a commercial TPN solution containing lipid in the first experiment. To identify which factors enhance or inhibit the
growth of each microorganism, we supplemented a

TPN solution containing lipid with multivitamins,
supplemented a TPN solution that did not contain
lipid with lipid, and increased the bisulfite concentration in a TPN solution containing both lipid and multivitamins in the following experiments.

MATERIALS AND METHODS
Microorganisms employed
A standard American Type Culture Collection
(ATCC) strain and 1 clinical isolate were used for each
microorganism; the standard strain ATCC6538 and
the clinical isolate N3 of Staphylococcus aureus, the
standard strain ATCC13880 and the clinical isolate N4
of Serratia marcescens, the standard strain ATCC11778
and the clinical isolate H2 of Bacillus cereus, and the
standard strain ATCC10231 and the clinical isolate N7
of Candida albicans.

Test solutions
A commercial TPN solution containing lipid
(ML; MIXID-L, Otsuka Pharmaceutical Factory, Inc.,
Japan), a commercial TPN solution without lipid
(AT1; AMINOTORIPA-1, Otsuka Pharmaceutical
Factory, Inc.), multivitamins (MV; Otsuka MV Injection, Otsuka Pharmaceutical Factory, Inc.), a 20% lipid
emulsion (IL; Intralipos 20%, Otsuka Pharmaceutical
Factory, Inc.), and a physiological saline were used.
The compositions of ML and AT1 are shown in Table
1.

Table 1. The compositions of ML and AT1
Solution
(volume)
Amino acids
Glucose
Fructose
Xylitol
Lipid
Na+
K+
Mg2+
Ca2+
Cl－
SO42－
Acetate－
Gluconate－
Citrate3－
P
Zn
NaHSO3
pH

ML
900 mL
30.0 g
110.0 g
15.6 g
35 mEq
27 mEq
5 mEq
8.5 mEq
44 mEq
5 mEq
25 mEq
8.5 mEq
150 mg
10 μmol
17 mg
6.0

AT1
850 mL
25.0 g
79.8 g
40.2 g
19.8 g
35 mEq
22 mEq
4 mEq
4 mEq
35 mEq
4 mEq
44 mEq
4 mEq
10 mEq
154 mg
8 μmol
412 mg
5.5

Osmotic pressure ratio to physiological saline

Approx. 4

Approx. 5

http://www.medsci.org

Int. J. Med. Scci. 2010, 7
Experim
ment 1: ML was
w used as th
he base solutio
on.
The pH valu
ue, osmotic prressure ratio to
t physiologiccal
saline (OPR,, the osmolality of each solution/the oso
saline), and concentration
molality of physiological
p
c
n of
NaHSO3 of ML were 6.0
0, approximaately 4, and 17
ppm (about 20 ppm), resspectively. Th
he other pH sos
lutions of ML
M were adjussted to 5.7, 5.4, or 4.9 by the
t
addition of 0.5
0 mol/L HC
Cl.
Experim
ment 2: ML(pH
H6.0), ML(pH
H4.9), and tho
ose
supplementeed with MV (M
MLV) were used.
u
Experim
ment 3: AT1 was
w supplem
mented with MV
M
and used as the base solu
ution (AT1V).. The pH valu
ue,
OPR, and con
ncentration of
o NaHSO3 of AT1V were 5.5,
5
approximateely 5, and 412
2 ppm (about 400 ppm), rer
spectively. The
T other pH solutions of AT1V were ada
justed to 5.9,, 6.3, or 6.8 by
b the additio
on of 0.5 mol/
/L
NaOH. Each
h pH solution
n of AT1V was
w added wiith
1/10 volumee of IL (L+AT
T1V) or physsiological saliine
(S+AT1V).
Experim
ment 4: ML was
w supplemeented with MV
M
and used as the base sollution (MLV). The other pH
p
solutions of MLV were adjusted to 5.77, 5.4, or 5.0 by
the addition of 0.5 mol/L
L HCl. Besidees, MLV(pH55.7)
and MLV(p
pH5.4) weree added with
w
100 pp
pm
(MLV+100 ppm)
p
or 200 ppm
p
of NaH
HSO3 (MLV+2200
ppm).
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RESU
ULTS
Experriment 1
S. aureus increeased in ML at the original pH of
6.0, bu
ut growth wass suppressed
d as the pH vaalue was
reduceed, coming to
o a halt at a pH of 4.9 (Figu
ure 1). S.
marcesccens increased
d rapidly in ML
M at a pH off 6.0, also
increassed but with suppression
s
a a pH of 5.7,, and did
at
not inccrease at pH values of 5.4 and 4.9 (Figu
ure 2). B.
cereus increased at a pH of 6.0. Its growth was
w suppressed as the pH value
v
was red
duced, decreaasing at a
pH of 4.9 (Figure 3)). However, both
b
strains of
o C. albicans in
ncreased rapid
dly and simillarly at any pH
p value
(Figuree 4).

Addition off microorgan
nism, incuba
ation and
sampling
A speciific number of each test microorganissm
was added to
t each 10 mL
m of test solu
utions in sterrile
plastic tubess, and all tubees were allow
wed to stand at
room temperrature (23-26ººC). An aliqu
uot of test sollution was sam
mpled at 0, 24
4, and 48 hou
urs after the ada
dition of miccroorganisms..

Figure
e 1. Effect of pH on the grrowth of Staphhylococcus
aureus in ML (pH6.0; NaHSO3, 20 ppm).
p
The pH value was
o 0.5 mol/L HCl.
adjusted by addition of

Measureme
ent of viable microorgan
nisms
Each alliquot of testt solution saampled was ini
oculated in a Soybean Casein Digest (S
SCD) agar plaate
in duplicate. When necesssary, the aliqu
uot of test sollution was dilu
uted 10-fold to
o 107-fold witth physiologiccal
saline beforee inoculation.. After a 24-h
hour incubatiion
at 37ºC, the number
n
of co
olony forming
g units (CFU) of
each microorrganism was counted for each plate. The
T
mean CFU of
o duplicate data
d
was calcculated for eaach
aliquot, and number of each
e
microorg
ganism per mL
m
was calculateed by using th
he number off CFU per plaate,
aliquot volu
ume, and dilu
uting ratio. The
T
results are
a
shown as values
v
of CF
FU/mL in seemi-logarithm
mic
graphs. As other
o
experim
mental studiees of microb
bial
growth,5,12,13,,21,22 the data obtained in this
t
study weere
not analyzed
d statistically,, because bio
ological signifficance of thesse kinds of data
d
is consid
dered to be asa
sessable with
hout statistica
al analysis.

Figure
e 2. Effect of pH
H on the growtth of Serratia marcescens
m
in ML (ppH6.0; NaHSO
O3, 20 ppm). Thhe pH value wass adjusted
by addition of 0.5 mo
ol/L HCl.
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Figure 3. Effeect of pH on the growth of Baacillus cereus in ML
M
(pH6.0; NaHSSO3, 20 ppm). The pH value was adjusted by
addition of 0.55 mol/L HCl.

Figure
e 5. Growth of
o Staphylococccus aureus, Serratia marcescens,, Bacillus cereuus, and Candidaa albicans at pH6.0
p
and
pH4.9 in ML and in MLV
M (ML suppplemented with multivitamins)).

Experriment 3

Figure 4. Effeect of pH on th
he growth of Candida
C
albicanss in
ML (pH6.0; NaHSO
N
,
20
pp
m).
The
pH
va
alue
was
adjustted
3
by addition off 0.5 mol/L HC
Cl.

Experimentt 2
Supplem
mentation with MV to ML
L enhanced on
nly
the growth of S. aureus at a pH of 6.0
6 but did not
n
resume the growth at a pH of 4.9 (F
Figure 5). Co
oncerning S. maarcescens, B. ceereus and C. albicans,
a
MV did
d
not affect theem both at pH
H 6.0 and at pH
H 4.9 (Figure 5).

T
The
OPR of AT1V was 4.6,
4
and the OPR of
L+AT11V (or S+AT1V) was 4.3 (or 4.2) as a resu
ult of the
dilutin
ng effect from
m the addition
n of the isotonic solution.
In
n AT1V, the standard strrains of S. aureus,
a
S.
marcesccens and B. ceereus did not increase at pH
p 5.9 as
well ass at the origin
nal pH of 5.5 but increased slowly
at pH 6.3 and incrreased rapidlly at pH 6.8 (Figures
6-8), siimilar to the results
r
of our previous stud
dy.10
Su
urprisingly, none
n
of S. aurreus, S. marcesscens and
B. cereu
us increased in
i L+AT1V at
a either pH 5.5
5 or pH
5.9, deespite the preesence of lipid
d (Figures 6-88). These
resultss conflicted with
w
those of Experiment 1.
1 At pH
6.3 and
d pH 6.8, how
wever, suppleementation with
w
1/10
volum
me of IL to AT11V (L+AT1V)) enhanced mildly
m
the
growth
h of these baccterial speciess (Figures 6-8)).
A
Addition
of 1/
/10 volume of
o physiologiccal saline
http://www.m
medsci.org
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to AT1V (S+
+AT1V) contrributed to th
he reduction of
OPR from 4.6
4 to 4.2, en
nhancing the growth of the
t
bacteria less slightly than
n did supplem
mentation wiith
IL (Figures 6-8).

Experimentt 4
The gro
owths of 2 stra
ains of S. aureu
us in MLV weere
halted only at
a pH 5.0 (Fig
gure 9). The addition of 100
1
ppm of NaH
HSO3 was not enough
e
to sto
op the growth
h of
S. aureus. Ho
owever, when
n 200 ppm of
o NaHSO3 was
w
added, the grrowth of the standard
s
straiin was halted
d at
pH 5.7 and the clinical issolate was haalted at pH 5.4
5
(Figure 9).
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T growth off 2 strains of S. marcescenss in MLV
The
were halted
h
at pH 5.0
5 and pH 5.4
5 (Figure 10)), correspondin
ng with the results
r
of Exp
periment 1. The
T addition off 200 ppm of NaHSO
N
ed the growth
h of both
3 halte
strainss of S. marcesceens at pH 5.7 (Figure 10).
T growth off the standard
The
d strain of B. cereus in
MLV was
w halted bo
oth at pH 5.00 and pH 5.4,, and the
growth
h of the clinical isolate was
w halted att pH 5.0
(Figuree 11). The addition
a
of 200
2
ppm of NaHSO3
halted the growth of
o both strainss of B. cereus at
a pH 5.7,
and th
he addition of
o 100 ppm of
o NaHSO3 haalted the
growth
h of the cliniccal isolate at pH
p 5.4 (Figuree 11).

Figure 6. Effeect of lipid on the growth of
o Staphylococcuus aureus in AT
T1V (pH5.5; NaHSO
N
v
was
3, 400 ppm). The pH value
adjusted by ad
ddition of 0.5 mol/L
m
NaOH. To
T AT1V was added 1/10 voluume of 20% lipiid emulsion (L+
+AT1V) or phyysiological
saline (S+AT1V).

Figure 7. Efffect of lipid on
n the growth of
o Serratia marrcescens in AT1V (pH5.5; NaaHSO3, 400 pppm). The pH value
v
was
adjusted by ad
ddition of 0.5 mol/L
m
NaOH. To
T AT1V was added 1/10 voluume of 20% lipiid emulsion (L+
+AT1V) or phyysiological
saline (S+AT1V).

http://www.m
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Figure 8. Effeect of lipid on the
t growth of Bacillus
B
cereus inn AT1V (pH5.55; NaHSO3, 4000 ppm). The pH value was ad
djusted by
addition of 0.5 mol/L NaOH
H. To AT1V was
w added 1/100 volume of 20% lipid emulssion (L+AT1V)) or physiological saline
(S+AT1V).

Figure 9. Effeect of bisulfite concentrationn on the growtth of Staphylocooccus aureus in MLV (ML supplemented witth multivitamins). The pH
p value was adjusted
a
by ad
ddition of 0.5 mol/L
m
HCl. To
o MLV was add
ded 100 ppm or
o 200 ppm off NaHSO3
(+100ppm or +200ppm).

http://www.m
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Figure 10. Effect
E
of bisulffite concentraation on the growth
g
of
Serratia marceescens in MLV (ML supplemennted with multivitamins).
The pH value was adjusted by addition of 0.5 mol/L HCll. To MLV
was added 100 ppm or 200
2
ppm of NaHSO
N
00ppm or
3 (+10
+200ppm).

Figure 11. Efffect of bisulfitee concentration on the grow
wth of Bacillus ceereus in MLV (M
ML supplemennted with multivitamins).
The pH value was adjusted by
b addition of 0.5
0 mol/L HCl. To MLV was added 100 ppm or 200 ppm of NaHSO3 (+1000ppm or
+200ppm).
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DISCUSSION
To reduce or prevent catheter-related blood
stream infection (CRBSI), we have to understand the
growth properties of the microorganisms that cause
this condition. We have previously investigated the
growth of the microorganisms that are known as the
major causes of CRBSI (Staphylococcus aureus, Serratia
marcescen, Bacillus cereus and Candida albicans) in total
parenteral nutrition (TPN) solutions without lipid.10
Therefore, we investigated the growth of the same
microorganisms in TPN solutions containing lipid in
the present study.
In a commercial TPN solution containing lipid
(ML), both standard strains and clinical isolates of all
microorganisms (S. aureus, S. marcescens, B. cereus and
C. albicans) increased rapidly at the original pH of 6.0,
even without multivitamins. Although only C. albicans
increased equally at any pH value, the growth of S.
aureus, S. marcescens and B. cereus was suppressed as
the pH value was reduced, with growth halted at
pH4.9 (Experiment 1). However, these 3 bacterial
species did not increase in another TPN solution containing lipid (L+AT1V) even at pH5.5 and pH5.9
(Experiment 3), which is the same result as obtained
in the solution without lipid (AT1V or S+AT1V); this
finding conflicts with the results of Experiment 1. The
conflicting results from these 2 TPN solutions may be
attributable to the difference in the bisulfite concentrations (ML contains NaHSO3 at a very low concentration [20 ppm], but L+AT1V contains NaHSO3 at a
relatively high concentration [400 ppm]) because the
bactericidal effect of bisulfite is enhanced in acidic
conditions.21 Therefore, the additional experiment
(Experiment 4) was performed to investigate the effect
of bisulfite concentration in the TPN solution containing both lipid and multivitamins (MLV). As a result, the growth of the 3 bacterial species was suppressed or halted at the same pH (5.4 or 5.7) as the
concentration of NaHSO3 increased (20 ppm, 100
ppm, and 200 ppm). These results suggest that the
concentration of bisulfite in TPN solutions is an important factor for suppressing bacterial growth, especially between pH5.0 and pH6.0: the bacterial species
cannot increase at pH5.9 with 400 ppm of NaHSO3, at
pH5.7 or pH5.4 with 200 ppm of NaHSO3, and at
pH5.0 with 20 ppm of NaHSO3.
Other findings in the present study are as follows: 1) even if lipid is contained, the acidity of TPN
solution is the critical factor suppressing the bacterial
growth; 2) the addition of lipid enhances mildly the
growth of the bacterial species in TPN solutions but
does not affect the growth substantially; 3) the addition of multivitamins further enhances the growth of
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S. aureus but does not affect the growth of S. marcescens, B. cereus, and C. albicans in TPN solutions containing lipid; 4) C. albicans can grow regardless of
acidity, bisulfite, and lipid.
Because C. albicans could grow at pH5.5 with 400
ppm of NaHSO3 (AT1V) in our previous study,10 the
effect of bisulfite concentration on the growth of C.
albicans was not investigated in the present study.
However, it has been reported that C. albicans could
not increase in a TPN solution at pH4.4 with 500 ppm
of NaHSO3, whereas C. albicans increased in the same
TPN solution at pH4.4 with 40 ppm of NaHSO3 or at
pH5.0 with 500 ppm of NaHSO3.23 Practically, Candida
species can grow rapidly in almost all TPN solutions.
The pH values of most of the recent TPN solutions are within 5.0 and 6.0, similar to the old TPN
solutions. On the other hand, the old TPN solutions
contain bisulfite at relatively high concentrations, but
the recent TPN solutions contain very low concentrations of bisulfite or are bisulfite-free. To investigate
bacterial growth in the recent TPN solutions, referring
to results from the studies that used the old TPN solutions that contained high concentration of bisulfite
is not appropriate, even at the same pH range. In the
recent TPN solutions containing lipid, some bacterial
species may proliferate unless the pH value is 5.0 or
less. Although the TPN solutions containing lipid can
be theoretically improved to be bacteriostatic by reducing the pH value and/or increasing the bisulfite
concentration, more studies seem needed to improve
the solution because lipid emulsions become unstable
as the pH value reduces or as the concentration of
bisulfite increases.
In conclusion, Candida species can grow rapidly
in almost all TPN solutions regardless of the acidity
and the presence of lipid; also, some bacterial species
may grow in TPN solutions containing lipid unless
the pH value is 5.0 or less. Therefore, each TPN solution should be investigated to determine whether or
not the bacterial species can proliferate.
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