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Abstract

Peripheral parenteral nutrition (PPN) solutions contain amino acids, glucose, and electrolytes, with
or without some water soluble vitamins. Peripheral venous catheters are one of the causes of
catheter related blood stream infection (CRBSI), which requires infection control. In Japan, PPN
solutions have rarely been prepared under aseptic conditions. However, in recent years, the
necessity of adding vitamins to infusions has been reported. Therefore, we investigated the effects
of water soluble vitamins on growth of microorganisms in PPN solutions. AMINOFLUID® (AF),
BFLUID® (BF), PARESAFE® (PS) and PAREPLUS® (PP) PPN solutions were used. Water soluble
vitamins contained in PP were also used. Causative microorganisms of CRBSI were used.
Staphylococcus epidermidis decreased after 24 hours or 48 hours in all solutions. On the other hand,
Escherichia coli, Serratia marcescens, Pseudomonas aeruginosa, Staphylococcus aureus and Candida
albicans increased, especially in PP. When each water soluble vitamin was added to BF and PS,
growth of S. aureus was greater in solutions that contained nicotinamide than in solutions that
contained other vitamins. As for C. albicans, they grew in all test solutions. C. albicans grew
especially well in solutions that contained biotin. When commercial amino acids and glucose
solutions with electrolytes are administered, in particular those containing multivitamins or water
soluble vitamins, efforts to control infection must be taken to prevent proliferation of
microorganisms.

Key words: Peripheral parenteral nutrition; water soluble vitamin; catheter related blood stream infection;
bacteria; fungi.

Introduction

One method for nutritional care is parenteral
nutrition (PN), which is classified into peripheral
parenteral nutrition (PPN) and total parenteral
nutrition (TPN). PPN is commonly used to maintain
nutritional status for a short term in Japan.

Catheter related blood stream infection (CRBSI)
is due to peripheral vein catheters and central venous
catheters, which are common causes of healthcare
associated infection. CRBSI results in a systemic
infection. There are many studies on CRBSI [1-6].
Routes for contamination of catheters are recognized

as follows: direct contamination of the catheter or
catheter hub, contact with hands, contaminated fluids
or devices, and rarely, infusate contamination may
lead to CRBSI [7].

Preparation of infusion fluid should be done
under aseptic conditions. In United States, all
solutions are prepared aseptically [8]. However, in
Japan, it is reported that 60.8% of hospitals have never
prepared TPN solutions under aseptic conditions, and
76.5% of hospitals have never prepared PPN solutions
under aseptic conditions [9]. Contamination of the
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environment has been reported as the cause of
nosocomial infections [10-13]. It is clear that the
environment of preparation for infusion fluids is
highly associated with bacterial contamination in
infusions.

Recently, there are reports that some water
soluble vitamins should be added to PPN solutions in
Japan [14-15]. However, it has been reported that
some microorganisms can grow with multivitamin
and lipid emulsion in PPN solutions [16].

Therefore, PPN solutions and water soluble
vitamins, which are components of PPN solutions,
were evaluated for their ability to support bacterial
and fungal growth, which are the causes of CRBSL

Materials and Methods

Microorganisms employed

The standard strain was wused for each
microorganism; Staphylococcus epidermidis JCM 2414,

Table 1. The Compositions of AF, BF, PS and PP

Escherichia coli W3110, Serratia marcescens NBRC 3046,
Pseudomonas aeruginosa PAO001, Staphylococcus aureus
NBRC 12732 and NBRC 14462, and Candida albicans
IFM 40009 and IFM 61197. C. albicans IFM 40009 and
IFM 61197 were obtained from the National
BioResource Project (http:/ /www. nbrp. jp/).

Test solutions

PPN solutions, which contain a commercial 3%
amino acid/ 7.5% glucose solution and electrolytes
with or without water soluble vitamins, were used.
They  were AMINOFLUID®  (AF; Otsuka
Pharmaceutical Factory, Inc., Japan), BFLUID® (BF;
Otsuka Pharmaceutical Factory, Inc., Japan),
PARESAFE® (PS; Yoshindo Inc., Japan) and
PAREPLUS® (PP; Yoshindo Inc., Japan). The
compositions of AF, BF, PS and PP are shown in Table
1.

Composition per 1000mL AMINOFLUID* BFLUID® PARESAFE" PAREPLUS"
LLeucine (g) 1.2 4.2 4.2 1.2
L-Tsoleucine (g) 24 24 24 24
L-Valine (g) 24 24 24 24
L e-Tydrachloride (g 3.93 3.93 3.93 3.93
(a 3 (3.146) (3.146) (3.146) (3.146)
L-Threonine (g) 171 1.71 171 L1
L-Tryptophan (g) 0.6 0.6 0.6 0.6
L-Methionine (z) 117 117 117 1.17
Acetyleysteine (g) 0.404 0.404
( ine ) B ©.30 - (0.30)
1 fid 0.3 - 0.3 -
AmIDORGE: oy anine (g) 2.1 2.1 21 21
1 0.15 0.15 0.15 0.15
I : 3.15 315 315 315
L-Histidine (g 1.5 1.5 1.5 1.5
L-Alanine (g) 2.4 2.4 24 2.4
L-Proline {g) 1.5 1.5 1.5 1.5
Lt 0.9 0.9 0.9 0.9
G 137 L.77 L77 177
Lr-Aspartie Acid (g) 0.3 0.3 0.3 0.3
L-Glutamic Acid (g) 0.3 0.3 0.3 0.3
Total Amine Acids (g) 30 30 30 30
Na™ {(mEq) 35 35 34.2 34.2
K" (miq) 20 20 20 20
Me™ (mTg) ] 5 5 al
Ca” tmEq) 5 5 5 5
CI (mEq) 35 35 35.2 35.2
Floctrolytic S0+ (mEq) 8 ? ] a1
Solution Acetate (mlq) 13 16 19 1.2
Gluconate (mEq) 5 = 5 .
L-Lactate (mEq) 20 20 = =
Lactate (mExq) - - 20 955
Citrate” (mEq) 6 6 - i2
P (mmol} 10 10 10 10
Zn (pmol) 5 5 1.8 19
Thiamine Chloride Hydrochloride (mg) — 1.92 2 381
Riboflavin Sodium Phosphate (mg) — - — 25
Pyridoxine Hydrochloride (mg) — - - 25
- Cyanocobalamin (pg) - - - 5
Vitamin
Ascorbic Acid (mg) - - 100
Folic Acid (mg) - — - 0.2
Biotin (pg) - =2 = 50
Nicotinamide (mg) - - - 20
Panthenol (mg) - - - 7.5
Glueose (g) 75 75 74.998 74.998
pH A\pproximately 6.7 Approximately 6.7 Approximately 6.7 \pproximately 6.9
OPR Approximately 3 Approximately 3 Approximately 3 Approximately 3

*: including the amount derived from the additives. OPR: osmotic pressure ratio to physiological saline.
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The water soluble vitamins used were thiamine
chloride hydrochloride (VBi; Metabolin®-G Injection
10 mg., Takeda Pharmaceutical Co., Ltd., Japan),
riboflavin sodium phosphate (VB2 Bisulase® inj. 10
mg, Toa Eiyo Ltd., Japan), pyridoxine hydrochloride
(VBg; Vitamin Bs inj. “Nichi-Iko”10 mg, Nichi-Iko
Pharmaceutical Co., Ltd., Japan), cyanocobalamin
(VB12; Cyanocobalamin Injection 1000 pg “TOWA”,
Towa Pharmaceutical Co., Ltd., Japan), ascorbic acid
(VG Vitacimin® Injection 100 mg., Takeda
Pharmaceutical Co., Ltd., Japan), nicotinic acid
(Nicotinic Acid; Nyclin® inj.20 mg, Toa Eiyo Ltd.,
Japan), panthenol (Panthenol; Pantol® inj. 100 mg ,
Toa Eiyo Ltd., Japan), biotin (VH; Biotin Injection 1
mg "Fuso”, Fuso Pharmaceutical Industries, Ltd.,
Japan) and folic acid (Folic Acid; Foliamin® Injection
15 mg, Nihon Pharmaceutical Co., Ltd., Japan).

In the experiment to observe the influence of
each water soluble vitamin on microbial growth in
PPN solutions, one ampoule of each water soluble
vitamin was added to 500 mL of each PPN solution to
prepare a test solution.

Culture methods and sampling

All bacteria were added to 5 mL of Luria-Bertani
(LB) medium in sterile centrifuge tubes, and
incubated at 37 °C overnight. C. albicans was added to
10 mL of Sabouraud broth in a sterile centrifuge tube,
and incubated at 37 °C. After 12 hours, they were
transferred into 200 mL of fresh Sabouraud broth in
sterile flasks, and incubated at 37 °C overnight. Then,
microbial cells were collected and washed with sterile
phosphate-buffered saline (PBS) by centrifugation. A
specified number of each test microorganism was
added to 10 mL of each test solution in sterile
centrifuge tubes, and the final microorganism
concentration was adjusted from 10° to 10°
colony-forming unit (CFU) / mL. Each test solution
aliquot sampled was kept at 25 °C. They were
sampled after 24 hours and 48 hours. These
experiments were performed at least twice.

Enumeration of viable cells

When necessary, each test solution sampled was
serially diluted ten-fold with phosphate buffer. Each
test solution aliquot sample for bacteria was spread
on standard agar (PEARLCORE NUTRIENT AGAR
‘Eiken’, Eiken Chemical Co., Ltd., Japan) plates in
triple; fungi was spread on Sabouraud agar plates.
After 24 to 48 hours of incubation at 37°C, colonies
formed on the plates were counted, and concentration
was calculated. Similar with other experimental
studies of microbial growth [16-18], the data obtained
in this study were not analyzed statistically because
biological significance of these kinds of data is

considered assessable without statistical analysis.

Results

Microbial growth in several PPN solutions

Since the results of the experiments showed
similar tendencies, one of them was indicated as the
result. Microbial growth in PPN solutions is shown in
Fig.1. S. epidermidis JCM2414 decreased after 24 hours
or 48 hours in all solutions. It decreased to
undetectable levels in some solutions. E. coli W3110
grew in all solutions. E. coli increased especially in PP,
from 5.8x10' CFU / mL to 1.4x10° CFU / mL 24 hours
after, and to 1.1x10> CFU / mL 48 hours after. S.
marcescens NBRC 3046 also grew in all solutions,
especially in PP. It increased from 7.4x10' CFU / mL
to 3.2x10°> CFU / mL 24 hours after, and reached
7.3x108 CFU / mL. P. aeruginosa PAO0O01 grew in all
solutions, and especially in PP. It increased from
3.9x101 CFU / mL to 9.8x103 CFU / mL 24 hours after,
and reached 4.6x107 CFU / mL 48 hours after.
However, S. aureus NBRC 12732 grew in PP, but it
hardly increased in BF and PS, and it decreased in AF.
It grew in PP from 1.8x10' CFU / mL to 9.2x102CFU /
mL 24 hours after, and increased to 5.3x105 CFU / mL
48 hours after. On the other hand, S. aureus NBRC
14462 decreased by 1 or 2 orders of magnitude in all
solutions.

The 2 strains of C. albicans grew in all solutions.
Both strains grew especially in PP. C. albicans IFM
40009 increased from 1.8x102 CFU / mL to 1.8x10°
CFU / mL 24 hours after, and reached 1.1x107 CFU /
mL 48 hours after. C. albicans IFM 61197 increased
from 7.5x101 CFU / mL to 3.5x10¢ CFU / mL 24 hours
after, and reached 1.6x107 CFU / mL 48 hours after.
Both strains of C. albicans moderately grew in AF, BF
and PS.

Microbial growth in PPN solutions containing
each water soluble vitamin

Since the results of the experiments showed
similar tendencies, one of them was indicated as the
result. Microbial growth in PPN solutions containing
each water soluble vitamin is shown in Table 2. When
each water soluble vitamin was added to AF, S. aureus
NBRC 12732 was hardly detected in all solutions. On
the other hand, when each water soluble vitamin was
added to BF and PS, S. aureus NBRC 12732 increased
in all solutions after 24 hours or 48 hours. In
particular, S. aureus in the solutions with nicotinamide
increased by more than 2 orders of magnitude. It
increased from 1.8x10! CFU / mL to 9.4x103 CFU /
mL 48 hours after in BF, and from 5.0x10°CFU / mL
t0 5.0x103 CFU / mL 48 hours after in PS.
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Figure 1. Effects of amino acids or/and water soluble vitamins on the growth of microorganisms. AMINOFLUID® (AF; O), BFLUID® (BF; @), PARESAFE® (PS; A)
and PAREPLUS® (PP; A) were used. BF and PS contain only VBi; PP contains multivitamins. The down arrow indicates undetectable levels.
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Table 2. Growth of Staphylococcus aureus and Candida albicans in PPN solutions containing each water soluble vitamin (CFU/mL)

AMINOFLUID" (CFU/mL)

BFLUID" (CFU/nL)

PARESAFE" (CFU/mL)

0hr 24 hr 48 hr 0hr 24 hr 48 hr 0hr 24 hr 48 hr
VB, 7.8x10" 3.3x10" ND - - = = — —
VB, 7.8x10" 1.7x10" 1.00x10' 1.8x10" 1.2x10* 7.7%10" 5.0x10" 4.3x10" 4.0x10"
VBg 7.8x10" ND ND 1.8x10" 6.0x10" 6.3x10" 5.0x10" 1.0x10" 1.0x10"
VBi; 7.8x10" ND ND 1.8x10' 8.0x10 2.3x10" 5.0x10" 1.7%10' 1.7%10'
Staphylococcus aureus 2
VO 0 ND ND 1 q 1 ‘ 1 5. 0 3. 0 2 1
NBRC 12732 7.8x10 1.8x10 9.7%10 8.3x10 5.0%10 3.3x10 3x10
Nicotinamide  7.8x10° 1.0x10" ND 1.8x10' 2.9x10%  9.4x10° 5.0x10° 1.6%10%  5.0x10°
Panthenol 7.8x10" 1.7x10" ND 1.8x10" 7.0x10" 3.3x10" 5.0x10" 2.0%10' 1.3x10"
Biotin 7.8x10" 1.0x10" ND 1.8x10' 4.7%10" 3.0x10" 5.0¢10" 1.0x10' 6.7x10"
Folic Acid 7.8x10" ND ND 1.8x10" 5.0x10" 2.7x10" 5.0x10" 3.0x10' 1.0x10"
AMINOFLUID" (CFU/mL) BFLUID" (CFU/mL) PARESAFE" (CFU/mL)
0hr 24 hr 48 hr Ohr 24 hr 48 hr Ohr 24 hr 48 hr
VB, 5.7%10" 2.1x10° 7.7%10° - - — = . .
VB, 5.7x10" 2.4x10° 1.1x10% 1.8%10° 1.0x10* 5.2x10° 4.8x10" 7.0x10" 6.8x10”
VB; 5.7x10" 9.0x10' 1.9x10” 1.8x10* 1.8x10" 2.3x10° 4.8x10" 8.0x10' 6.2x10*
VB2 5.7x10" 8.0x10" 1.5x10% 1.8x10° 5.6x10° 3.0x10° 4.8x10° 8.0x10" 6.9x10°
Candida albicans T 2 . 3 5 1 s 5 \ ’ 3
IFM 40009 ve 5.7%10 1.3x10 3.1x10 1.8x10 1.5%10 1.5x10_ 4.8%10 7.0x10 2.3x10
Nicotinamide  5.7x10" 7.3%10" 3.4x10" 1.8x10* 4.5x10° 3.2x10° 4.8x10° 1.1x10* 3.6x10°
Panthenol 5.7x10" 1.1x10* 3.4x10" 1.8x10° 5.0x10" 2.5x10° 1.8x10" 1.7x10° 3.6x10°
Biotin 5.7x10" 5.2x10%  3.7x10° 1.8x10* 1.2x10°  1.6x107 4.8x10" 7.3x10%  4.5x10°
Folic Acid 5.7x10" 1.7x10* 2.8x10" 1.8x10% 5.5%10" 3.0x10° 4.8%10" 6.3x10' 5.4x10*
AMINOFLUID" (CFU/mL) BFLUID" (CFU/mL) PARESAFE" (CFU/mL)
Ohr 24 hr 48 hr Ohr 24 hr 48 hr Ohr 24 hr 48 hr
VB, 7.5%10" 3.6x10° 4.5x10" - = = - - =
VB: 7.5%10" 7.1x10° 1.2x10" 2.1x10* 1.9x10° 1.2x10° 1.1x10* 5.1%10" 2.1x10"
VB, 7.5%10" 2.8x10* 3.4x10° 2.1x10* 1,1x10" 3.1x10° 1.1x10* 5.7%10* 1.2x10*
VB2 7.5%10" 4.2x10° 4.1x10° 2.1x10* 1.6x10" 6.1x10° 1.1x10? 3.9x10° 1.5%10*
Candida albicans 5 ] 5 4 o 3 6 2 5 5
: ve 7.5%10 7.6%10 1.1x10 2.1x10 5.9x10 2.3x10° 1.1x10° 9.6x10 1.4x10
[FM 61197 .
Nicotinamide ~ 7.5x10" 5.0x10” 4.6x10" 2.1x10” 1.5x10% 4.9x10° 1.1x10* 3.2x10" 1.2x10*
Panthenol 7.5%10" 4.2x10* 3.1x10° 2.1x10* 8.7x10* 2.0x10° 1.1x10* 4.0%10* 1.5%10"
Biotin 7.5%10" 2.9x10*  1.2x10° 2.1x10* 2.3x10*  1.2x10’ 1.1x10* 1.2x10*  7.7x10°
Folic Acid 7.5%10" 4.3x10% 3.9x10° 2.1x10* 1.0x10" 3.3x10° 1.1x10 3.0x10* 1.2x10"

ND: not detected

When each water soluble vitamin was added to
AF, BF and PS, the 2 strains of C. albicans increased in
all solutions, especially in solutions with biotin.

Discussion

Many pathogenic bacteria require glucide, fatty
acids and amino acids as carbon compounds [19]. C.
albicans, which is a fungus, can grow with amino
acids, glucide and hydrocarbons [20]. TPN solutions
contain amino acids, glucose, electrolytes, and are
with or without lipid emulsion and multivitamins.
TPN solutions are considered to be relatively good
growth mediums for microorganisms due to the
included components [21, 22].

In Japan, although hospitals that prepare TPN
solutions under aseptic conditions are increasing, few
prepare PPN solutions aseptically. PPN solutions,
which have a lower nutritional value than TPN
solutions, contain amino acids, glucose and
electrolytes with or without water soluble vitamins.

Shiraishi et al. reported that bacterial growth
depended on the nature of the bacterial species, as
well as composition, pH and osmotic pressure [23]. In
general, the optimum pH of bacterial growth is from
5.0 to 8.0, the optimum pH of pathogenic bacterial
growth is from 7.2 to 7.6 and the osmotic pressure
ratio to physiological saline (OPR) is 1.0 [19,23]. Fungi
grow well near neutral pH, but almost all fungi can
grow even in a low pH [20]. The pH value of
commercial PPN solutions, which are designed to be
approximately 7, is higher than that of commercial
TPN solutions. The OPR of commercial PPN
solutions, which is designed to be approximately 3, is
lower than that of commercial TPN solutions.
Kuwahara et al. reported that bacteria could be grown
by raising the pH in TPN solutions [24]. It has been
reported that fungi can also grow in TPN solutions
with a low pH [24]. Therefore, we consider that
bacteria tend to grow better in PPN solutions than in
TPN solutions.
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In the present study, we investigated the
possibility of growth of microorganisms, such as S.
epidermidis, E. coli, S. marcescens, P. aeruginosa, S. aureus
and C. albicans, in PPN solutions. In particular, the
addition of water soluble vitamins to PPN solutions
was evaluated for its ability to support bacterial and
fungal growth, which is a cause of CRBSI.

E. coli, S. marcescens and P. aeruginosa grew in all
test solutions. E. coli is a eutrophic bacteria and
inhabits the intestinal environment. S. marcescens and
P. aeruginosa are oligotrophs. E. coli increased only by
3 to 4 orders of magnitude in each PPN solution. At
the same time, S. marcescens increased by 5 to 7 orders
of magnitude, and P. aeruginosa increased by up to 6
orders of magnitude in each PPN solution. Thus,
growth of S. marcescens and P. aeruginosa was greater
than that of E. coli. These results demonstrate that S.
marcescens and P. aeruginosa can grow well in PPN
solutions containing amino acids, glucose and
electrolytes, which have lower nutrition than TPN
solutions, and E. coli can grow mildly. In addition,
these bacteria increased rapidly in PP, which contains
several water soluble vitamins. S. aureus NBRC 12732
hardly increased in AF, BF, and PS, but increased in
PP by 4 orders of magnitude. S. aureus NBRC 14462
did not increase in all PPN solutions, but was
decreased instead. As the auxotrophy of S. aureus is
different, the growth of the 2 strains is different. The 2
strains of C. albicans grew in all PPN solutions,
especially in PP. C. albicans increased by 2 to 3 orders
of magnitude in test solutions other than PP, but
increased by 5 to 6 orders of magnitude in PP.
Kuwahara et al. reported the following: both B. cereus
and S. marcescens increased rapidly in AF, S. aureus
cannot grow in AF without lipid emulsion and
multivitamins, but can grow rapidly with
multivitamins. C. albicans increased slightly in AF
without lipid emulsion and multivitamins, and the
addition of lipid emulsion or multivitamins
accelerated its growth [16]. These results suggest that
the growth of microorganisms is due to differences in
PPN solutions, and water soluble vitamins enhance
their growth. Water soluble vitamins are considered
to elevate the risk of infection.

Thus, addition of each water soluble vitamin to
PPN solutions was evaluated for the ability to support
S. aureus and C. albicans growth. In addition, since
these microorganisms are important as causative
microbial of CRBSI, three microorganisms were
selected for the experiment. As a result of adding each
water soluble vitamin contained in PP to each PPN
solution, S. aureus NBRC 12732 hardly increased in
AF, which did not contain VB, but increased in the
test solutions made by mixing BF or PS with nicotinic
acid. S. aureus in BF or PS with nicotinic acid increased

by more than 2 orders of magnitude compared with in
other test solutions. These results indicated that the
addition of nicotinic acid among the water soluble
vitamins to PPN solutions with VB; enhanced the
ability of these solutions to support growth of S.
aureus. The 2 strains of C. albicans increased in all the
test solutions, especially in the test solutions made by
mixing AF, BF or PS with biotin. C. albicans in test
solutions with biotin increased by 2 to 4 orders of
magnitude compared with in other test solutions.
These results indicate that the addition of biotin to
PPN solutions with or without VB: enhances the
ability of these solutions to support growth of C.
albicans. Other than needing organic compounds for
energy, fungi are often able to proliferate only with
inorganic salts [20]. If they cannot grow in the sole
carbon source, they often require a few vitamins in
addition to inorganic salts [20]. Fungi frequently
require biotin and thiamine [20]. Miyashita reported
that biotin and thiamine were required growth
promoting factors for C. albicans [25]. In the present
study, as C. albicans could grow even in the test
solution with biotin added to AF not containing VB,
we considered biotin to promote the growth of C.
albicans.

It was suggested that PPN solutions support the
growth of oligotrophs. Furthermore, we suggest that
water soluble vitamins enhance the ability of PPN
solutions to support growth of microorganisms. These
results demonstrate that the addition of water soluble
vitamins to PPN solutions increases the risk of
infection.

Conclusion

In the Guidelines for Compounding Sterile
Preparations [26], it has been described that
preparation of infusion fluid for TPN solutions and
peripheral amino acids must be prepared using
aseptic manipulation in a class 100 (Federal Standard
209 D) environment. These results suggest the
following: if the infusion was contaminated due to
neglect of infection control at the time of preparing
the infusion fluid for PPN solutions, microorganisms
may grow in the infusion and cause infection.
Microorganism species used in this study are reported
as causes of CRBSI. As one method of infection
control, it is necessary to prepare TPN solutions and
PPN solutions for infusions under aseptic conditions.

Collectively, when commercial amino acids,
glucose solutions and electrolytes with or without
water soluble vitamins are administered, especially
when multivitamins are contained or some water
soluble vitamins are added, we must make an effort to
control  infection to  prevent growth  of
microorganisms.
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