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Abstract Vancomycin belongs to the vancomycin-ristocetin family of glycopeptides, and is a
subclass of linear sugar containing peptides composed of seven amino acids. Its stereochemi-
cal configuration forms the basis of a particular mode of action, though its complexation
with the D-alanyl-D-alanine terminus of peptrdoglycon monomer. The glycosylated hexa-
peptide chain consists of chloro-B-hydroxytyrosines, p-hydroxyphenylglycines, N-methylleu-
cine and aspartic acid forms a rigid molecular frame work and gives the difficulty m the
analysis Vancomycin in the serum samples is usually estimated by liquid chromatography
and the bacterial sensitwity was genereally tested by the microbiological assay. The present
review deals with the qualitative, quantitative, microbiclogical and immunclogical assays
and the comparison of the quantitative methods. Clinical implications of vancomycin have
also been cited in the review.

Keywords vancomycun, dalbaheptapeptides, amylocolaptosis orientalis, glycopeptide, ana-
Iytical methods

INTRODUCTION

Vancomycin is biosynthesized by Amylocolaptosis
orientalis (Nocardia orientalis) belonging to the family
Nocardiaceae, which was first isolated from soil sam-
ples of Indonesia and India. Vancomycin belongs to the
family of glycopeptide antibiotics. Its mode of action is
inhibition of cell wall synthesis of susceptible bacteria.

The main target of this antibiotic is the (L-Lys}-D- i 0
alanyl-D-alanine terminal peptide of the cell wall pre- . TCH
cursor. The interaction prevents the precursor from be- A
ing added to the grawing cell wall. In addition vanco-

CHy

mycin alters the bacterial cell membrane permeability
and RNA synthesis. Five of the seven amino acids that
form the peptide skeleton are common to all dalbahep- H OH
tides: Structurally, vancomycin has a glycosylated
hexapeptide chain rich in amino acids, cholara-p-
hydroxytyrosines, p-hydroxyphenylglycines, N-methy-
lileucine and aspartic acid. Many of dalbaheptides con-

Fig. 1. Structure of vancomyvin.

tain aromatic rings that are cross-linked by aryl ether
bonds into a ngid molecular frame work. Vancomycin
{Fig. 1) [1] consists of a facultatively p-hydroxylated
tyrosine, two p-hydroxyphenylglycine, a B-hydroxyty-
rosine and a m,m”-dihydroxyphenylglycine at carboxy
terminal. Ether bonds between the phenyl moieties of
amino acids facultative f-hydroxylated tyrosine, p-
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hydroxyphenyl glycine and B-hydroxytyrosine form
adjacent rings. Another ning 1s formed by carbon-carbon
bond between the phenyl moieties of amino acds p-
hydroxyphenyl glycine and m,m"-dihydroxyphenylgly-
cine at carboxy terminal. The remaining two amino
acids help to classify all known dalbaheptides into four
types. Vancomycin has aliphatic amino acids, usually
leucine and asparagine. Dalbaheptides of natural origin
have small variations in the nature and positions of
substituents. Additional chemical features are chlorine
atoms (upto four), methyl and additional hydroxyl
groups that can be present in different positions in the
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Table 1. Compulation of scivents and conditions for vanco-
mycin assay by thin layer chromatography
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Table 2. Solvent systems recommended for paper chromatag-
raphy for vancomycm assay

Filter paper Solvent system

. Developing '
Stationary tdabile phase temperature RE Time
phase . value {h)

8
- ;
Reverse 5% Ammonium hydrogen 4 037 6

phase  carbonate:di-oxane (3:7)

Aqueous B0% ethanaol v/v and sodum chloride
buffer with 0.95 M sodium sulfate and 0.05 M
sodium hydrogen sulfate monohydrate.

Whatman
No.4

Silica gel 1% Ammonium hydrogen 20 046 2
S0W  carbonate. Methancl (9:1) :

Whatman

No.1 N-butanol:acetic acid:water (2:1:1),

. 1% Am ium hyd
Silica gel ;arbon?;lrrﬁgl aKe-rzo-ieln 20 036 & Table 3. Compilation of the general methodology for vanco-
60 (-9_1)[3 ' mycin assay
CMC 0.9% Diammonium ortho- 28 052 & Sample preparation and separation Reference
phosphate, pfi &3 Ion exchange followed by RP C 11
separation
phenyl residues. Vancosamine, epi-vancosamine, risto- Liquid-liquid extraction followed by RF 12
samine, actinosamine and acosamine were the first iso- Cyg separation
lated sugars from dalbaheptides. Many of these antibi- Liquid-liquid extraction followed by RP
otics are groups of strictly related factors called com- (., separation using parred ion mobile 14
plexes. Among them, vancomycin and teicoplanin are phase
used clinically as a result of high activity against gram P -
: i roteln precipitation and separation
positive pathogens such as many coagulase negative asing CN HIPLC columns 13
Staphylococcus(CNS),  Corynebacterium, Clostridium 5
difficile, multi-resistant Staphylococcus aureus and gen- Bond elute [Cy] sohd phase extraction 29

tamicin resistant Enterococcus which are refractory to
established drugs. Eremomycin is under clincal evalua-
tion.

QUANTITATIVE AND QUALITATIVE
ASSAYS OF VANCOMYCIN

Chromatographic Assay of Vancomycin

Thin layer chromatography (TLC): TLC systens have
nat very widely used in analysis of vancomycin, com-
pared to other chromatographic separations. Thomas
and Newland [10] have reported four TLC systems.
These have been compiled 1 Table 1. The plates are
over a distance of 150 mm, air dried and sprayed with
freshly prepared agueous solution of p-nitrobenzene-
diazonium tetrafluoroborate {1 mg/mL).

Paper chromatography: An official 1985 US Pharma-
coepia [2] describes descending paper chromatography-
5 pL of vancomycin from a stock of 1.5 mg/mlL is spot-
ted on a Whatman No. 1 filter paper and runned for 7 b
on butyl alcohal.water:pyndine (6:4:3), the paper 1s
then dried and cut to accommoedate on a lawn of stan-
dard bacterial culture. The data has been compiled in
Table 2. The plate is incubated for 18 h at 37°C

Liguid chromatography: Most of the literature deals
with the estimation and assaying of vancomycin in se-
rum samples, with a couple from fermented broths.
Due to the complex nature of blood serum, samples
may have to be processed to remove most of the blood

and RP C,; separation

proteing as they could interfere with assay. General
methods of sample preparation are given in Table 3.

Typical examples of solvents for precipitation of se-
rum proteins mclude acetonitrile [133, cold trichloroace-
tic acid [14], sodium octanesulfonate and disodium
EDTA [15] and isopropanol-acetonitrile [16]. It was
reported that injection of untreated human serum into
silica columns leads to rapid column deteroration, as
the eluents utilised are almost totally aquecus and con-
sequently prevents precipitation of serum proteins on
the column.

Extensive efficiences with Sephadex columns is be-
tween 60-70% for bath vancomycin and ristocetin (-
ternal satandards). However acetaminophen and theo-
phyllin interferes at therapeutic concentrations. The
standard curve is linear to at least 100 mg/L with the
minimum detectable imit of 3 mg/L. For control serum
samples of 20 and 60 mg/L, between run precision is 8.6
and 11.5% respectively, and within-run precision is 3.1
and 4.2% respectively. Sztaricskari et al. [17] have sepa-
rated seven antibiotics of the vancomycin type. By ap-
plication of Lichrosorb RP-8 column and using 12% me-
thylcellulosolve in sodium citrate buffer (pH 6.4) as
eluent, they have reported separation of ristomycin. A
major component of A-35512 B antibiotic complex and
fram avoparicin X and B. A simple quantitation of van-
comycin by HPLC has reported by McClair et al, [14]
where the total analysing time is 20 minutes. This
method does require internal standards, but neither
sample extractions nor sample derivitazation. The stan-
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Table 4. Compilation of columns, mobile phases and detec-
tion wave lengths for vancomycin assay by HPLC

Detection

Column Mgbile phase Reference
{nm)

Rsz?;;;D ak 12% Acetonurile+88% 0.01 280 16
P b 1-heptane sulphonic acid

Cpg
Aminopropyl 007 M phosphate buffer, pH
shumpak ) 5 s cetonitrile (30-70) 40 5
CLC Nip  2Acetonitale (3
002M ammonium acetate:
©Ds G Acetonutrile (91-9) 214 20
Micro Methanol: 01 M diammo-
bondapalk mium hydrogen phosphate 254 21
Cyg pH 6 (26 74)
Sunelen (Sodium octane sulfonate +
Ec 8 Disodium EDTA) + Acetont- 230 17
trile+Methanol
5mM potassium dibydrogen
Ng‘?m phasphate (pH 2.8) + 22% 229 14
Methanol
0.05 potassium dihydrogen
AP SUPELCOS: shosphare (9 5.0): Acetoni- 254 22
18 trile (90,10}
8% Acetonitrile in 0.02M
FLRE-S 100A borate buffer, pH 3.2 287 10
Acetonitrile, Tetrahydrofuran-
oDs5 tnethyl amine buffer pH 3.2 280 23
(29:1:70)
RP ODS Cl8 Acetonitrle in 0.05 sodium 335/360 18

hydrogen phosphate pH 6.0

Table 5. List of internal standards used for HPLC analysis of
vancomycin

Internal standards Reference
Vitamin B12 18,21, 24
Cefazolin 22
Trimethoprim 14
3,4,3 trimethcxy phenyl acetonitrile 17

dard deviation of the assay at 5 pg/mlL is + 0.25 pg (Ta-
ble 4). A variety of internal standards have been used
for the assaying of vancomycin by HFLC, which s
compiled m Table 3. A compilation of the drugs that do
not wterfere in the HPLC analysis is shown in Table 6

Micrebiclogical Assay of Vancomycin

A standardized disk method has been recommended
by the National Committee for Clinical Laboratory
Standards (NCCLS) [23,24] to test the susceptibility of
vancomycin. Susceptibility test wich a 30 pg vancomy-
cin hydrochloride disk should be interpreted as given in

155

Table 6 List of drugs found not to interfere with the vanco-
mycin by HFLC [16]

Antibiotics Antineoplastics Other drugs
Amikacin Adnamyein Acetaminophen
Amphctennaz B Allopurinal Acetazolamide
Benzyl penicillin~ Cusplatin Aspiin
Carbenicillin Cyclophosphamide  Carbamazepine
Cefosatin Cytarabine Chlerpromazine
Cefuroxime Dactinomycin Diazepam
Chloramphenicol  3-Fluorouracil Ethosuximide
S-Flurosytosing Methotrexate Furosemide
Gentamycin Thioguanine Phenabarbital
Kenamycin Phenytoin
Ketooconazole Primidene
Miconazole Procamnamide
Perucillin G CQuinidine
Tobramycin Theophylline

Table 7. Interpretation of standard test results for vanco-
mycin assay [3]

Disk test zcne Target organism Dilution method

diameter susceptibility (MIC) {ug/ml}
> 12 Highly susceptible <4
10-11 Intermediate susceptible 4-16
<9 Resistant > 16

Table 8. List of munimum inhibitary concentrations (MIC’s)
for some selected organisms

Minimum inhibitory

Selected organism concentraticn (MIC) (ug/mlL)

Staphylococcus aureus TOUR 0.25

Staphyiococcus epidermidis 0.5
ATCC 12228

Enterccoccus fecalis ATCC 7080 0.3

Streptococeus pyogenes C 203 0.13

Clostridium perfringes 1S5 30543 013

Messeria gonorroheae ISM 68/126 82.0

Staphylococcus epidermidis 0.5-2.0
ATCC 29213

Table 7.

Organisms in the intermediate susceptibility range
are likely to respond to vancomycin treatment if infec-
tion is confined to tissues or Huids in which high anti-
biotic concentrations are allowed. Minimum inhibition
cancentration (MIC) of some of the selected microor-
ganisms are given in the Table 8.

The last two organisms given in Table 8, Staphylo-
coccus aureus ATCC 29213 and Enterococcus fecalis
ATCC 29212, are the microorganisms recommended by
the NCCLS [23] for the standard dilution method. Far
the disk test, 30 ug of vancomycin should give a zone
diameter between 15-19 mm for Staphylocaccus aureus
ATCC 25923 [25]. For a 30 pg vancomycin disk how-
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ever, Barry et al. [24] reported a zone smaller than rec-
ommend 10 mm for resistant and larger than 15 mm for
sensitive crganisms category.

Immunoclogical Assays: One of the commonly used
immunological assays is the FPIA (Fluorescence polari-
zation immunoassay) This is based on the changes in

Fluorescence polarization by binding with antibody [28].

In one such study, Schwenzer et al. [26] have extended
this concept to the detection of vancomycin Fluo-
rescein-labelled vancomycin is employed as a tracer
along with the antisera for vancomycin, which has been
raised 1n rabbit for conventional immunological tech-
niques. The tracer, sample and diute antiserum are
combined and polanization of tracer flucrescence is de-
tected 1n the flucrometer. This measurement 13 free of
interference from hemolysis, bilirubin and protein con-
centration changes. This assay 15 also reported to be free
of matrix effects and no mterference 15 reported in
spiked hemolytic, lipemia or icteric sexa [26]. This assay
compares well with microbial and HPLC assays. Repeti-
tive analysis of controls contaming 73.5 and 75 ug of
vancomycin by FPIA methods yelds a coefficient of
variation of 3.0 and 2.3 respectively [26].

A commercial diagnostic kit based on FPIA technol-
ogy, is now available under the trade name, TDx, by
Abbott Labs, Diagnostic Division, North Chicago, 11,
USA [28]. A study was carried out by Joos et al. [28], to
detect the accuracy of the Abbott TDx FPIA kit over a
period of six years. A comparison of 209 assay results
with externally supplied target concentrations showed
a good correlation without any deviations from linear-
ity. They further report that on an average, the same
calibracion curves could be used over a period of 19
weeks. Jandreski and Garbincius [37] reported that the
sensitvity of the Abbot TDx system was four-fold 1n
cerebrospinal fluid as compared to serum thereby
matching the cerebrospinal fluid as an acceptable
specimen for this system.

Other Qualitative Analytical Methods for Vancomy-
cin: Complexation of vancomycin with Cu®* has been
used for the detection of vancomycin by a continuous
flow method and amperometric detection in a polaro-
graphic cell of the thin layer type.

The mode of action of this famuly of antibiotics, that
15 binding to the D-alanyl-D-alanine terminus has been
exploited to detect vancomycin. SPERA (Solid-phase
enzyme receptor assay) is one of such assay systems
that utilizes the mode of action of the antibiotic bind-
ing of D-alanyl-D-alanine [30]. Synthetic analogues of
the hiological receptor albumin-g-aminocaproyl-D-alanyl-
D-alanine achieved 50% displacement with vancomycin
concentrations ranging from 0.04 to 4 mg/ml. Appar-
ently, SPERA is claimed to work even in complex media.
Activated CH-Sepharose on D-ala-D-ala for vancomycin
and terchoplanin shows affinity constants to be around
10° I/mol and the effective binding sites to be 6-7
pEq/ml gel.
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Table 9. Comparison of correlation coefficients against vari-
ous assay methads for vancomyecin

Assay methods compared Correlation coefficient

FPIA Vs HPLC

FPIA Vs Microbial assay
HPLC Vs Microbial assay
HPLC Vs RIA

097 [28], 0.9996 [34], 0.967 [12]
0.90 [28], 0.585 [33], 0.7773 [34]
0.90 [28], 0.7779 [34]

0 945 [13]

Comparison of Quantitative Methods

A number of groups have reported a comparison be-
tween the varous assay methods. Table 9 compiles the
correlation coefficients of the various methods reported.
A laboratory evaluation of the five methods (Bioassay,
HPLC, FPI1A, FIA (Fluorescence immunoassay) and RIA
(Radiormmunoassay)} has been reported [33]. They re-
ported that FFIA 15 the most precise and FIA 1s the least
accurate. Intra-run coefficients of variation of FFIA
were 0.9 to 3% as compared 8.9 to 14.5% for FIA. Inter-
run coetlicient of variation was 2.8 to 8.1% for FFIA as
compared to 12.2 to 16.2% for FIA. RIA is reported as
inconvenient as it requires an extra dilution of the
specimen and an additional 64 pg/ml standard for
specimens having 32-64 pg vancomycin/mL. Based on
the rapid turn around time and stabulity of the standard
curve, FPLA is the best. Pohlod et al, [30] in a compari-
scn between FPIA and the microal assay, reported
that kcassay 15 the least expensive, though, more la-
baur intensive. Ackerman et al, [27] compared 123
samples from 34 patients treated with vancomycin us-
ing FPIA (Abbott, TDx) and standard RIA {American
Diagnostic Corporation, CA, USA) diagnostic kits and
found them comparable. During the pharmacokinetic
studies of patients on continuous ambulatory peritonial
dialysis (CAPD) treated with vancomyan, a discrep-
ancy was noted when serum vancomycin concentration
were assayed by HPLC and FPIA [34]. Peak serum con-
centration by HPLC shawed 36.3, 32.2 and 31.6 pg/mlL
as compared to 42.1, 43.1 and 45.6 pg/ml by EPIA, in in
vitro study of vancomycin in serum samples, The re-
sults showed a degradation half-life of 693 h by FPIA
method as compared to 210 h by HPLC. The authors
reported that in the CAFD patients, vancomycin degra-
dation products accumulated leads to an overestimation
of vancomycin concentrations in sera when measured
by FPIA. This particular aspect has been studied in de-
tail by White et al. [34]. Vancomycin stored in serum,
phaosphate-buffered saline and CAPD fuid at 37°C for
10 days when assayed by HPLC, microbial assay and
EPIA (TDx assay) gave some interesting results. While
HPLC and microbial assay agreed well and indicated
about 50% loss over 10 days in serum and phosphate-
buffered saline, IPIA showed losses of 20% and 40%
respectively. The antibiotic degradation products were
purified by HPLC and were found to cross-react with
the TDx assay. This suggests that the TDx assay be-
come non-specific in presence of vancomytin degrada-
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Table 10. Organisms sensitive tc vancomycin

Genus Species
Staphyiococcr aureus
Staphylocoeci epidermidis
Streptococcus pyogenes
Streptococcus preumontae
Streptococcus agalactiae
Streptococcus bovis
Enterococcus fecalis
Clostridium difficile

tion products, thereby overestimating the actual antibi-
otic concentration. Since FPIA technology utilizes a
polyclonal antibody system, ancther system called
EMIT has been developed for vancomycin assay which
utilizes monoclonal antibodies specific for vancomycin
[16]. While EMIT/FPIA system is recommended by Hu
et al. [18] for monitoring the antibiotic concentrations
mn renally impaired patients, problems have been re-
ported by Yeo et al. [35] for the EMIT system. Durning a
clinical performance evaluation of the EMIT and FFIA
vancomycin assays, it was found that, though accept-
able at concentrations less than 30 mg/L by EMIT sys-
tem the precision was marginal in the range greater
than 30 mg/L. Further on comparison with FPIA, EMIT
shows the [ollowing correlation:

[EMIT] = (0.877) (IDx) + 0.435 mg/L

This proportional bias has been reparted to be more
pronounced in specimens with high levels of creatinine
as compared to normal levels of creatinine, thereby rec-
ommending the EMIT vancomycin be used with cau-
tion [36].

CLINICAL IMPLICATIONS OF VANCOMYCIN

Bactericidal action results primarily from inhibition
of cell wall biosynthesis. In addition, vancomycin alters
the bacterial cell membrane permeability and RNA syn-
thesis. There is no cross resistance between vancomycin
and other antibiotics. Organisms sensitive to vancomy-
cin have been compiled in Table 10.

Vancomycin 15 not active in-vitro against Gram nega-
tive bacili, mycobacteri and fung:.

Vancomycin 1s indicated for full treatment {or initial
therapy) of serious or severe infections caused by sus-
ceptable strains of methicillin resistant {B-lactam resis-
tant) Staphylococci (MRSA). It is indicated for penicil-
[in allergic patients, especially those who cannot receive
or have failed to respond to other drugs including peni-
cillins or cephalosporins.

Vancomycin ts poorly absorbed after oral administra-
tion [njection 15 painful. Vancomyein is approximately
55% serum concentrations in 10 to 100 pg/ml. Vanco-
mycin is excreted in human milk. In the first 24 h,
about 75% af administered dose is excreted in urine.
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The mean elimination of halflife of the molecule from
plasma is 4 to 6 h. The median lethal intravenous dose
is 319 mg/Kg in rats and 400 mg/Kg in mice.

REFERENCES

[1] Cavaileri, B and E Parenti (1984) In: M, Howe-Grant (ed)
Encyclopaedia of Chemical Technology, 4% ed. Vol. 2,
John-Wiley, NY.

[2] United States Pharmacopoeia/National Formulary. (1985)
Volume 21,

[3] Chapman and Hall Chemical Database, USA (1994) Dic-
tionary of Natural products. Volume 5, R-Z.

[4) McComue, M H. and . M. McGuire (1962) Vancomycin
and method for its preparation U.S. Patent 3, 067,099

[5] Chapman and Hall chemical Database. (1990} Dictionary
of drugs USA.

[6] Williams, D. H. and ]. R. Kalman (1977) Structural and
mode of action studies on the antibiotic vancomycin.
Evidence from 270 MHz proton magnetic resonance J.
Amer. Chem Soc. 99: 2768-2774.

[7] Bonginu, A, ]. Feeney, M. P Williamson, and D. H. Wil-
liams {1981) Assignment of the carbon-13 spectrum of
vancomycin and its derivatives. . Chem. Soc. Perkins-
Trans. 2: 201-206.

[6] Thomas, A. H. and E. Newland (19587} Chromatographic
metheds for the analysis of vancomycin. J. Chromatogr.
410: 373-382.

[9] Marselli, P. L., G. Bianchetti, G. Durand, M. E Le Heuzey,
E. Zarifian, and M. Dugas (1979} Haloperidol plasma
level monitoring i paediatric patients. Ther Drug.
Monit. 1. 35-46.

[10] Jehl, E, C. Gallion, R. C. Theirry, and B. Monteil (1985)
Determination of vancemycin in human serum by high-
pressure liquid chromatography Antimicrob. Agents
Chemother. 27: 503-507.

[11] Eoagland, R. ], J. E Sherw:n, and J. M. Phillips. Jr. (1984)
Vancomycin: a rapid HPLC assay for a potent antibiotic .
Anal Toxicol 8: 75-77.

[1Z] Bauchet, |, E. Pussard, and J. | Garaud {1987) Determi-
nation of vancomycin in serum and tissues by column
Iiquid chromatography using sclid-phase extraction. [
Chromatogr. 414- 472-476.

[13] Hosotsubo H. (1989) Rapid and specific method for the
determination of vancomycin in plasma by high-perfor-
mance liquid chromatography on an aminapropyl col-
umn. J. Chromatogr. 487 421-427.

[14] McClai, 1. B L, R. Bongiovanni, and Broen (1982) Van-
comycin guantitation by high-performance liquid chro-
matography in human serum. [, Chromatogr. 231: 463-
466,

[15] Rosenthal, A. E and I Sarfati (1986) Simplified liquid-
chromatographic determination of vancomycin. Clin
Chem. 32: 1016-1019

[16] Hu, M. W,, L Anne, T. Fornt, and K. Gettwald (1990)
Measurement of vancomycin in renally impaired patient
samples using a new high-performance liquid chromatog-
raphy method with vitamin B12 internal standard: com-
parison of high-performance liquid chromatography, emit,



158

and fluorescence polarisation ummunoassay methods.
Ther. Drug. Monit 12: 582-569

[17] Szataricskai, F, ]. Borda, M M. Puskas, and R. Bognar
(1983) High performance liquid chromatography (HPLC)
of antibictics of vancomycin type Comparative studies. J.
Antibior, 36: 1691-1898.

[18] Jehl, F, H Monteil, and C. Gallion (1985) HFLC, RIA,
EPIA. Evaluation of 3 methods for the assay of vancomy-
cin. Fathol Biol 33.511-515.

[19] Liu, ¥, Y. Zhou, and L. D. Y. Xnebac {1985) From € A S
1986, 105,30145e, 20,931

[20] Greene, S V, T. Abdullah, S. L. Morgan, and C. S. Bryan
{1987) High-performance liguid chromatographic analy-
sis of vancomyein 1n plasma, bone, atnal appendage tis-
sue and pericardial Huwd. J. Chromatogr 417: 121-128.

[21] United States Federal Drug Agency, Federal Register
{1989) 54, 20382,

[22] Ly, Y., Y, Zhou, and D. L Kangshengsu (1985} From C.A.
51986 104 1952751

[23] National Committee for Clinical Laboratory Standards
(1983} Methods for dilution for antimicrobial disk sus-
ceptibility for bacteria that grow aerobically Villanova.
PA 19803,

[24] Barry A L, C. Thornsberry, and C. R Jones (1986)
Fvaluacion of teicoplanin and vancomyein disk suscepti-
bility tests J Clin. Microbiol 23: 100-103

(28] Filburn. B. H., V. H Shaw, Y. M. Tempera, and ]. D Dick
{1983) Evaluation of an automated fluorescence polariza-
tion mmmunoassay for vancomycin Antimicrob. Agents.
Chemother. 24: 216-220.

[26] Schewenzer, K. S, C H. J. Wang, and | P Anhalt {1983)
Automated fluorescence polarization immunoassay for
monltoring vancomycin. Ther Drug. Monit. 5 341-345.

[27] Ackerman, B. H, H &. Berg, R G. Strate, and | C.
Rotschafer (1983) Comparison of radicimmuncassay and
fluorescent polanzation immunoassay for quantitative
determination of vancomycin concentrations in serum J
Chn. Microbinl 18: 994-995.

[28] Joos, B., R Leuthy, and ]. Blases {1989) Long-term accu-
racy of fluorescence polanzation immunoassays for gen-

Biotechnol. Bioprocess Eng 2000, Vol. 5, No 8

tamicin, tobramycin, netilmicin and vancomycin. /| An-
timicrob Chemaother. 24, 797-805

[29] Corti, A., C. Rurali, A. Borghi, and G. Cassani (1983)
Solid-phase enzyme-recepter assay (SPERA): a competi-
tive-binding assay for glycopeptide antibiotics of the van-
comycin class Clin. Chem. 31: 1606-15610.

[30] Fohlod, D). [, L. D Saravolatz, and M. M, Sommerville
{1984) Comparison of fluorescence polarization
immunoassay and bwcassay of vancomycin. [ Clin
Mucrobiol. 20: 159-161.

[31] Ristuccia, I A, A. M, Ristuccia, . I, Bidanset, and B A,
Cunha (1984} Comparison of biocassay, high-performance
liquid chromatography, and fluorescence pelarization
immunoassay for quantitative determunaticn of vanco-
mycin 1 serum T her. Drug Monit 6: 238-242,

[32] Pfaller, M A, D. ] Krogstad, G. G. Granich, and P R.
Murray (1984) Laboratory evaluation of five asszy methods
for vancomycmn. bioassay, high-pressure liquid chroma-
tography, {luorescence polanzation immuncassay, radio-
immunoassay, and fluorescence immunoassay. . Clin
Microbiol. 20: 311-316

[83] Morse, G. D, DD W. Nairn, ]. § Bertino Jr. and J. J. Walshe
(1987} Overestimation of vancomycin concentrations
utilizing fluorescence polarization immunpassay in-
patients on peritoneal dialysis. Ther. Drug. Mot 9- 212-
215,

[34] Whute, L O, R. Edwards, H. A. Holt, A, M Lovenng, and
R. G. Finch (1988) The in-vitro degradation at 37°C of
vancomycin in serum, CAPD fluid and phosphate-
buffered saline. J. Antimicrob. Chemother 22 739-745.

[35] Yeo, K. T, W Traverse, and G L. Horrowitz (1989} Clini-
cal performance of the EMIT vancomycin assay. Cln.
Chem. 35: 1504-1807.

[36] Takacs N, K, B. Noszal, M Tokes-Kovesdi, and G Szarz
(1993) Acid-base properties and proton-speciation of
vancomycin. Int [, Pharma 89: 261-263

[37] Jandreski, M A and ]. Garbincins (1993) Measurement
of antimicrobial agents 1 cerebrospinal fluid using the
Abbott TDx analyzer. | Ciin Lab. Anal 7: 263-268.

[Received July 16, 1999; accepted June 19, 2000]



