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Sensitive Radioimmunoassay for Vancomycin
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A radioimmunoassay for vancomycin has been developed which uses rabbit
antiserum induced by vancomycin-bovine serum albumin conjugates and vanco-

mycin labeled with 3H or 12"I. Using either isotope, the method is simple and
reproducible and has a sensitivity of 4 or 0.04 ng/ml, depending on the tracer
used. This is 200- to 20,000-fold improvement in sensitivity compared with the
most sensitive bioassay. Drug levels in serum or urine samples from patients
receiving vancomycin can be determined by this assay procedure without pro-

cessmg. The data obtained with 3H and "26I labels were in good agreement.
Patients' plasma vancomycin concentrations determined by radioimmunoassay
correlated well with those determined by bioassay when the drug was adminis-
tered intravenously. However, after oral administration the drug could be detected
only by radioimmunoassay. The antiserum was evaluated for cross-reactivity with
a wide variety of antibiotics and cancer chemotherapeutic agents, and no signifi-
cant interference was found.

Vancomycin was isolated from Streptomyces
sp. in 1956 (14) and was first introduced into
clinical practice in 1958 (1). It is primarily active
against gram-positive bacteria and affects cell
wall synthesis by forming a complex with a
peptide precursor (9). The chemical components
of the antibiotic have been studied since 1964
(13, 17, 18, 22), and the complete molecular
structure was determined by X-ray analysis in
1978 (16). Clinically, vancomycin is used mainly
for severe staphylococcal infections, especially
when the responsible strain is resistant to the
more commonly used antibiotics or the patient
is allergic to penicillins and cephalosporins (5).
It has also been included in oral prophylactic
regimens for cancer patients (3). Vancomycin is
associated with nephrotoxicity and ototoxicity
(5), and serum concentrations of 80 to 100 jig/ml
have been associated with serious toxic effects
(11). The distribution of vancomycin in plasma,
urine, and tissue has been studied previously by
microbiological assays (1, 7, 8, 19). This paper
describes a sensitive radioimmunoassay devel-
oped for vancomycin. The assay provides a rapid
and simple procedure for quantitating vanco-
mycin and therefore should be more suitable for
monitoring plasma vancomycin concentrations
as well as for studying the pharmacology of the
antibiotic.

MATERIALS AND METHODS
Vancomycin hydrochloride was obtained from Eli

Lilly & Co., Indianapolis, Ind. N-Succinimidyl[2,3-
t Present address: Smith, Kline & French Research Labo-

ratories, Philadelphia, PA 19101.

3H] propionate (specific activity, 43 Ci/mmol), Na'25I
(specific activity, 13 to 17 mCi/,ug), and Phase Com-
bining Solvent were purchased from Amersham Corp.,
Arlington Heights, Ill. Dextran T70 was from Phar-
macia, Uppsala, Sweden. Norit A charcoal was ob-
tained from Fisher Scientific, Fair Lawn, N.J. Bovine
serum albumin (BSA), Freund complete adjuvant, and
other chemicals are commercially available. Silica gel
plates (Silica Gel F254) and carboxymethyl cellulose
(CM52) with an exchange capacity of 1 meq/g (dry
weight) were purchased from Whatman, Inc., Clifton,
N.J. Female New Zealand rabbits, approximately 2.5
kg and 12 to 15 weeks of age, were purchased from
Rich-Glo Co., El Campo, Tex.
Preparation of vancomycin-BSA conjugate.

Vancomycin was conjugated to BSA by the water-
soluble carbodiimide method. Vancomycin hydrochlo-
ride (252 mg) and BSA (50 mg) were dissolved in 15
ml of cold water, after which 1-ethyl-3-(3-dimethylam-
inopropyl)carbodiimide (320 mg) was slowly added to
the solution with constant stirring. This reaction mix-
ture was incubated for 3 h at room temperature and
then overnight at 4°C. Cold acetone (24 ml) was added
to precipitate the product, which was collected by
centrifugation, washed twice with 5 ml of cold 60%
acetone-water, and dried under vacuum (yield, 59 mg).
Thin-layer chromatography (silica gel; solvent system,
1-butanol-1-propanol-2 N ammonium hydroxide
[2:5:3]) of the conjugates showed a single spot at the
origin as detected by ultraviolet light and iodine, in-
dicating that the conjugate was free of vancomycin
(vancomycin Rf, 0.45).
Immunization. Vancomycin-BSA conjugates sus-

pended in 0.9% NaCl were emulsified with an equal
volume of Freund complete adjuvant to obtain a con-
centration of 1 mg/ml. Three rabbits were immunized
with 1 ml of the emulsion at multiple intradermal and
subcutaneous sites. Booster injections (0.5 ml) were
given at triweekly intervals. After 3 months of immu-
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nization, heparinized blood was obtained from the
rabbits' ear veins 1 week after each booster injection.
Plasma was separated by centrifugation and stored in
small portions at -70°C. The titer of the antiserum
was determined by its binding ability to both 3H- and
'25I-labeled vancomycin.
Another group of these rabbits was immunized with

unconjugated vancomycin by the same procedure and
schedule, except that each animal received 25 jg of
vancomycin per injection.

Preparation of [3H]propionylvancomycin. N-
Succinimidyl(2,3-3H]propionate (5 mCi in 25 ml of
toluene) was evaporated to dryness under a stream of
nitrogen. To this dried residue was then added 30 pl of
vancomycin solution (5 mg/ml in 0.01 M phosphate
buffer, pH 7.5), and the reaction mixture was incu-
bated at room temperature for 2 h. The product was
purified by column chromatography on a carboxy-
methyl cellulose column (0.6 by 20 cm). The unreacted
succinimidylpropionate was eluted from the column
with 0.01 M ammonium acetate, pH 6.0 (35 ml); the
product was then eluted with 0.05 M ammonium ace-
tate, pH 6.4 (10 ml), and the unreacted vancomycin
was collected in later fractions with the same buffer.
Because of the small quantity of the product, no
attempt was made to estimate its specific activity.

Preparation of ["'2Iliodovancomycin. Vanco-
mycin was labeled with "I by using the chloramine-T
method (15). To 1 mCi of Na251I in 20 pl of borate
buffer (0.4 M, pH 7.5) were added 10l,l each of
vancomycin (50 pLg/ml) and chloramine-T (5 mg/ml).
After 1 min of incubation at room temperature, the
reaction was stopped by adding sodium metabisulfite
(10 pl, 12 mg/ml) and potassium iodide (10 IL, 10 mg/
ml). The mixture was then diluted with 200 pl of 0.01
M ammonium acetate, pH 6.0, and applied onto a
carboxymethyl cellulose column (0.6 by 20 cm) packed
in the same buffer. The unreacted "2I was eluted with
0.01 M ammonium acetate. '25I-vancomycin and van-
comycin were eluted together with 0.05 M ammonium
acetate, pH 6.5. The specific activity of the product
was estimated to be 486 mCi/mg.
Radioimmunoassay by [2,3-_Hlpropionylvan-

comycin. The assay was performed in 4-mil polypro-
pylene tubes, each containing 0.1 ml of 0.01 M phos-
phate-buffered saline (0.01 M NaH2PO4-0.15 M NaCl
containing 0.1% NaN3), pH 7.5, 0.1 ml of antiserum
(diluted 1:600 with 0.1% gelatin in 0.01 M phosphate-
buffered saline), 0.1 ml of [3H]propionylvancomycin
with approximately 4,000 cpm, and an appropriate
amount of vancomycin standard or unknown samples
in a total volume of 0.5 ml. The binding reaction was
initiated by adding antiserum and incubating the mix-
ture at room temperature for 1 h. The tubes were then
placed in an ice bath, and a 0.5-ml, ice-cold suspension
of 2% activated charcoal and 0.1% dextran in phos-
phate-buffered saline was added. After incubation in
ice for 15 min, the tubes were centrifuged in a PR-2
centrifuge (International Equipment Co.) at 900 x g
for 15 min. The radioactivity in 0.7 ml of supernatant
was counted in a Packard scintillation spectrometer
after adding 10 ml of 66% Phase Combining Solvent in
xylene. Data points for the standard curve and for
unknown samples were determined in duplicate. The
control binding was about 1,700 + 50 cpm per tube

and was corrected for the background (approximately
130 ± 20 cpm per tube) when antiserum was absent.
Radioimmunoassay by [l'5Iliodovancomycin.

For radioimmunoassay by ['26I]iodovancomycin, the
same procedure was used as for [3H]propionylvanco-
mycin with the exceptions that approximately 20,000
cpm of [llI]iodovancomycin was used in each assay
tube and the antiserum dilution was 1:20,000. After 1
h of incubation at room temperature, the tubes were
placed in ice, and 0.5 ml of a cold suspension of 2%
charcoal and 0.1% dextran in phosphate-buffered sa-
line was added. The tubes were further incubated in
ice for 15 min and then centrifuged at 900 x g for 15
min. Supernatant (0.5 ml) was removed and measured
for radioactivity in a Packard PRIAS gamma counter.
The control binding was about 8,000 ± 400 cpm per
tube, and the background was approximately 600 ± 50
cpm per tube.

Bioassay. Plasma vancomycin concentrations were
also determined by the disk diffusion method, using
Bacillus subtilis (ATCC 6633) as the test species.
Details of this method were described previously by
Bulger et al. (4). At various times heparinized blood
was drawn from patients who had received 500 mg of
vancomycin by a 30-min intravenous infusion or after
100 mg of the drug was administered orally in a 20-mi
solution. Drug concentrations were determined by
both radioimmunoassay and bioassay. Urine samples
were also collected as voided from patients who had
received intravenous vancomycin, and the drug con-
tent was determined by radioimmunoassay.

RESULTS
Antibody response. All the rabbits immu-

nized with vancomycin-BSA conjugates pro-
duced antiserum against vancomycin; in 6
months they achieved a maximum titer of
1:100,000 with [1251]iodovancomycin and 1:3,000
with [3H]prVopionylvancomycin. However, the
rabbits immunized for the same period of time
with unmodified and unconjugated vancomycin
did not produce any antibody at all, even though
the molecular weight of vancomycin is 1,449
(20).
Sensitivity. The standard curve of vanco-

mycin radioimmunoassay was linear on a logit-
log plot (Fig. 1). In the 3H-vancomycin assay,
drug concentrations ranging from 4 to 100 ng/
ml could be measured accurately, and this sen-
sitivity could be increased 100-fold when 1251_
vancomycin was used (Fig. 1).
Effect of time on binding reaction. The

effect oftime on the binding reaction was studied
at the 50% binding point. The binding of [3H]-
propionylvancomycin and the antiserum at-
tained equilibrium very fast (about 15 min) and
only increased slightly at longei time periods.
For routine assay, an incubation time of 1 h was
chosen for experimental convenience. In the case
of the 125I method, the binding reaction pro-
ceeded more slowly, probably due to the lower
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FIG. 1. Standard curve of vancomycin radioim-

munoassay. with [3HJpropionylvancomycin and
[125lJiodovancomycin.

concentrations ofboth ['251]iodovancomycin and
antibody in the reaction mixture. However, the
standard curves performed at various incubation
times (1, 2, 3, and 4 h) were very similar, and the
standard deviation for 50% binding inhibition
was <10%.
Assay accuracy and reproducibility.

Plasma drug levels in patients receiving vanco-
mycin were measured at random time points by
the 125I radioimmunoassay. The data obtained
were similar on different days, with different
operators, and with different amounts of plasma
samples (Table 1). These plasma samples were
also assayed with 3H-vancomycin. Values from
both methods were compared by linear regres-
sion analysis, and an excellent correlation (r2 =
0.99) was obtained (Fig. 2). This suggests that
the results obtained with either the 3H or the 125I
tracer are in good agreement and further dem-
onstrates the reproducibility of the assay.
Comparison of radioimmunoassay and

bioassay. Plasma drug levels were determined
by both methods after patients had received
vancomycin (500 mg) by intravenous infusion.
The correlation coefficients obtained by linear
regression analysis were 0.98, 0.97, 0.87, and 0.86
for four different patient studies, an example
which is shown in Fig. 3. Although it appeared
that the values in Fig. 3 obtained by radioim-
munoassay were lower than those by bioassay,
the data in the other three patient studies
showed the reverse. However, the results were
not statistically different between radioimmu-
noassays and bioassays. In two patients the drug
levels determined by radioimmunoassay did not
correspond with those obtained by bioassay.
Table 2 shows the results for one of the patients
where the correlation coefficient between the
two types of assays was only 0.31. These two
patients were on amikacin and other aminogly-
cosides. B. subtilis, the species used for the
bioassay, is also susceptible to aminoglycosides.

Plasma vancomycin (Ag/ml)b
Patient

Mean ±no. Trial 1 Trial 2 Trial 3 Trial 4 standard de-
viation

1 24.0 24.5 24.0 24.0 24.1 + 0.3
2 9.6 8.1 8.2 9.2 8.8 + 0.7
3 12.5 12.1 11.4 12.2 12.1 ± 0.5
4 8.1 9.4 9.0 9.2 8.9 ± 0.6
5 10.5 9.5 9.8 10.0 10.0 ± 0.4
6 64.0 57.5 56.0 48.0 56.0 ± 6.6
7 13.5 15.0 12.5 15.0 14.0 ± 1.2
8 10.0 10.0 10.2 11.0 10.3 ± 0.5

aVancomycin was given by intravenous infusion.
Dose and sampling time were not recorded.
bA plasma sample of 0.1 1d was used in the assay for

trials 1 and 2, and a plasma sample of 0.05 pl was used
in trials 3 and 4. Trials 1 and 2 were performed by two
operators on the same day, trials 1 and 3 were per-
formed by one operator on the same day, and trials 3
and 4 were performed by one operator on different
days.
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FIG. 2. Correlation ofplasma vancomycin concen-
trations as determined by radioimmunoassays with
125I and 3H labels.

Thus, the erratic plasma levels obtained at var-
ious times could be attributed to the effects of
other antibiotics. After an oral dose (100 mg in
20 ml), the vancomycin levels were measurable
by radioimmunoassay. The plasma levels were
0.2, 0.3, 0.4, 2.2, and 8.3 ng/ml at 0.5, 1, 2, 3, and
4 h, respectively, after drug ingestion. However,
no vancomycin could be detected in plasma as
measured by bioassay in this 4-h period.
Urinary excretion. One patient received 500

mg of vancomycin intravenously over 0.5 h. At
4 h, 54% of the drug was excreted in urine.
Another patient received 1,000 mg by 1-h intra-
venous infusion. At 2, 2.8, 3.7, and 4.3 h, the
amounts excreted in the urine were 7.9, 13.8,
34.0, and 53.3%, respectively, and by 21 h the
drug was essentially completely excreted.

Cross-reactivity. Since vancomycin is used
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FIG. 3. Comparison of plasma vancomycin con-

centrations as determined by "5I radioimmunoassay
(RIA) and bioassay.

TABLE 2. Effect of other antibiotics on bioassay of
vancomycin

Vancomycin concn (jag/ml)
T'ime

RIAa Bioasay
ob 13.0 ± 1.5 NDW
0.25 6.7 ± 1.3 60
0.75 3.5 ± 0.4 72
1 2.7±0.1 38
2 2.5±0.2 48
4 1.8±0.2 50
6 1.3±0.3 42

'Results presented are means ± standard deviations
from five determinations each (four with "1I tracer
and one with 3H tracer).

b after the 30-min intravenous infusion
of vancomycin (500 mg).

'ND, Not determined due to sample volume short-
age.

in our hospital for treating infections in cancer
patients, the assay was tested for interference by
other antibiotics and cancer chemotherapeutic
agents at a concentration of 2 Ag/ml. Such drugs
as amikacin, ticarcillin, tobramycin, rifampin, 5-
fluorouracil, cytarabine, bruceantin, methotrex-
ate, vincristine, vinblastine, doxorubicin, cyclo-
phosphamide, and 4'-(9-acridinylamino)meth-
anesulphon-m-anisidide showed no competition
for binding to the antiserum with either 3H- or
'251-vancomycin. Since cyclophosphamide is ac-
tivated in vivo, rat plasma containing cyclophos-
phamide and its metabolites was also tested for
cross-reactivity. Thirty minutes after an intra-
peritoneal injection of cyclophosphamide at a
dose of 500 mg/kg, rat plasma showed no effect
on the competitive binding ofthe antiserum with
"'I-vancomycin.

DISCUSSION
The radioimmunoassay described here pro-

vides a rapid, sensitive, and precise method for
quantitating vancomycin. With the high sensi-
tivity of the assay, only a small amount of bio-

logical sample is required. The previous micro-
bial methods could only measure vancomycin
concentrations greater than 10 to 12 ,ug/ml (1),
and no drug could be detected in rat or rabbit
tissues after vancomycin administration (12). A
recent report of a modified bioassay improves
the sensitivity limit to 0.8,ug/ml (21), although
it still has limitations in human tissue distribu-
tion studies (19). In addition, the test species
used in the bioassay is also susceptible to other
antibiotics, which can produce erratic data (see
Table 2). Recently a radioimmunoassay for van-
comycin with a sensitivity of 1 ng/ml became
commercially available from Monitor Science
Corp., Newport Beach, Calif. This assay yielded
essentially identical results to those obtained by
the microbiological method (6). Our present
findings accord with these results. Two high-
performance liquid chromatographic assays
have also been developed for vancomycin (10,
20). The sensitivity of the high-performance liq-
uid chromatographic methods is in the micro-
gram-per-milliliter range, and samples had to be
purified on an ion-exchange column before they
could be subjected to high-performance liquid
chromatography. Therefore, once the antiserum
is produced, the present radioimmunoassay
should provide a more convenient and sensitive
method for investigating vancomycin pharma-
cology as well as for redefining the toxic levels
in patients with normal and abnormal liver or
renal function. Vancomycin has been chromat-
ographically separated into three fractions with
different biological potencies (2). Since vanco-
mycin-BSA was conjugated with the complexed
vancomycin, the antiserum produced would
likely be cross-reactive with the different com-
ponents in vancomycin preparations. High-per-
formance liquid chromatography measures the
major fraction of vancomycin (10, 20) and would
be more specific than the radioimmunoassay
reported here.
Both 3H- and 125I-vancomycin radioimmu-

noassays gave comparable and reproducible re-
sults. The 3H label method, with a detection
limit of 4 ng/ml, is sufficient for routine moni-
toring of plasma or urine drug levels when the
antibiotic is given by intravenous infusion. How-
ever, the plasma level is very low when the drug
is administered orally, and the sensitivity of the
125I assay (100-fold higher than the tritium assay)
is required for pharmacokinetics studies. Our
preliminary studies also showed that the ra-
dioimmunoassay can be used for measuring drug
levels in tissue samples. Therefore, complete
pharmocological studies of vancomycin will be
feasible with this newly developed radioimmu-
noassay. The cross-reactivities of the vancomy-
cin antiserum with some commonly used anti-
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biotics and cancer chemotherapeutic agents
were tested. The drugs studied were of different
molecular sizes and different structural charac-
teristics, and none of them showed any interfer-
ence with the vancomycin radioimmunoassay.
This suggests that this assay is appropriate for
clinical phannacological studies even in patients
who are also under other chemotherapy.
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