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A fast and simple method to detect mycoplasmal contamination in simulated samples of animal sera by using
a PCR was developed. The following five mycoplasma species that are major cell culture contaminants
belonging to the class Mollicutes were investigated: Mycoplasma arginini, Acholeplasma laidlawii, Mycoplasma
hyorhinis, Mycoplasma orale, and Mycoplasma fermentans. After a concentration step involving seeded sera,
genus-specific primers were used to amplify a 717-bp DNA fragment within the 16S rRNA gene of
mycoplasmas. In a second step, the universal PCR was followed by amplification of variable regions of the 16S
rRNA gene by using species-specific primers, which allowed identification of contaminant mycoplasmas. With
this method, 10 fg of purified DNA and 1 to 10 color-changing units of mycoplasmas could be detected. Since
the sensitivity of the assay was increased 10-fold when the amplification products were hybridized with an
internal mycoplasma-specific >>P-labelled oligonucleotide probe, a detection limit of 1 to 10 genome copies per
PCR sample was obtained. This highly sensitive, specific, and simple assay may be a useful alternative to
methods currently used to detect mycoplasmas in animal sera.

Mycoplasmas (the trivial name for microorganisms belong-
ing to the class Mollicutes) are the smallest self-replicating
bacteria. They are common and serious contaminants of cell
cultures, and this remains one of the major problems encoun-
tered in biological research, in biological diagnosis, and in
biotechnological production with cell cultures. This problem is
actually widespread, and the incidence of contamination varies
from 5 to 87% of cell cultures (3, 28, 31, 42) depending on the
cell line, the test used, and the quality control practices used.
The class Mollicutes is subdivided into more than 120 species
(41), but only 20 species have been isolated from cell cultures
(1, 2, 40). Of these 20 species, which have been isolated from
bovine, human, and porcine sources, 5 (Mycoplasma arginini,
Acholeplasma laidlawii, Mycoplasma hyorhinis, Mycoplasma
orale, and Mycoplasma fermentans) account for 95% of all
contaminations (1, 3, 25, 26). It has been shown that myco-
plasmas produce a variety of effects on cultured cells. Besides
affecting cellular growth and morphology, mycoplasmas are
known to be able to alter amino acid and nucleic acid
metabolism and immunological and biochemical properties
and to induce chromosome aberrations, leading to experiments
whose results are often unreliable (1, 3, 12, 24, 25). The main
sources of contamination of clean cultures are mycoplasma-
infected cultures (1). The origins of the contaminants (i.e., the
direct sources) are often laboratory personnel (M. orale and
Mycoplasma salivarium have been isolated from oropharynxes
of 25 to 80% of healthy individuals; M. fermentans has been
isolated more rarely) (38) and commercial animal sera used in
culture media (M. arginini, A. laidlawii, M. hyorhinis) (1, 2).

Mycoplasma cells are pleomorphic, have diameters of 300 to
800 nm, and lack cell walls (41). Because of their small size and
pliability, mycoplasmas can pass through the 450- and 220-nm-
pore-size membrane filters usually used for cell culturing (17).
When high-pressure filtration is used some mycoplasmas can
occasionally penetrate 100-nm-pore-size final filters (5, 41).

* Corresponding author. Mailing address: Laboratoire des Myco-
plasmes, Institut Pasteur, 25 rue du Docteur Roux, 75724 Paris Cédex
15, France. Phone: (1) 45 68 87 39. Fax: (1) 40 61 31 23.

953

Like most cell cultures infected by mycoplasmas, serum infec-
tions are rarely detected by visual inspection or light micros-
copy in the absence of obvious signs of infection (e.g., turbidity
of sera or media, pH changes, or cytopathic effects on cell
lines) (42). Moreover, serum is not very propitious for myco-
plasma growth since it lacks host cells and some essential
nutrients and also contains toxic and inhibitory components
(27). Low contamination rates and reduction of contamination
rates by filtration for a long time made detection and isolation
of mycoplasmas from commercial sera impossible (2, 5). Three
methods are currently sensitive enough to detect mycoplasmas:
microbiological culturing, adenosine phosphorylase (AdoP)
screening, and the indicator cell culture technique. However,
cach method has certain disadvantages. The method based on
specific broth or agar medium culturing is time-consuming
(several weeks), some strains (especially M. hyorhinis strains)
are difficult to grow (3, 15, 24, 42), and experience is needed to
perform the technique and interpret the results (42). The
biochemical method lacks specificity since some bacteria (e.g.,
Bacillus subtilis, Escherichia coli, Salmonella typhimurium)
produce nucleoside phosphorylase (4, 5, 16), while some
mycoplasma species (e.g., Mycoplasma pneumoniae FH, Myco-
plasma pirum, Mycoplasma lipophilum) produce practically
none (16). Moreover, AdoP is a soluble enzyme that is active
in the absence of live mycoplasmas (i.e., contaminants) (24).
The method based on inoculation into mycoplasma-free indi-
cator cell cultures is time-consuming because three passages
and a final detection technique (e.g., DNA fluorescent staining
with 4',6-diamidino-2-phenylindole dihydrochloride [34] or
bisbenzimidazole fluorochrome Hoechst 33258 [8] or an en-
zyme-linked immunosorbent assay [ELISA] with specific anti-
bodies) are needed (19). Except for the ELISA, these methods
cannot be used for direct identification of the contaminants.
In this paper we describe the development of a PCR-based
method to detect mycoplasmas in simulated samples of animal
sera. Our data show that this rapid and reproducible method
possesses not only the high sensitivity necessary for detecting
mycoplasmas in sera and the specificity necessary for identify-
ing contaminant mycoplasmas (thus indicating possible
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sources), but also the simplicity necessary for casy, unambig-
uous interpretation of results.

MATERIALS AND METHODS

Growth media. The broth and agar media used for growth
and titration were BDA, BDG, and GD, as described by
Roulland-Dussoix et al. (33). The base medium contained 21 g
of PPLO broth (Difco Laboratories, Detroit, Mich.), 10 g of
tryptone (Difco), 5 g of yeast extract (Difco), and enough
distilled water to bring the volume to 1 liter. For BDG, 78 ml
of autoclaved base medium was supplemented with 20 ml of
horse serum, 0.2 ml of 1% phenol red, 66 mg of ampicillin per
ml, and 1 ml of 50% glucose under sterile conditions, and the
pH was adjusted to 7.8 with 1 M sodium hydroxide. For BDA,
the base medium was supplemented as described above except
that the glucose was replaced with 5 ml of 5% arginine
hydrochloride and the pH was adjusted to 7.2. For GD, 1 g of
agar was added to 80 ml of base medium and the preparation
was autoclaved; the medium was completed by adding 20 ml of
horse serum, 1 ml of 50% glucose, and 1 ml of ampicillin (66
mg/ml) under sterile conditions.

Strains and growth conditions. The strains used included M.
hyorhinis BTS7" (= ATCC 17981") (T = type strain), M. orale
CH19299" (= ATCC 23714"), M. fermentans PG18" (=
ATCC 19989"), and A. laidlawii PG8™ (= ATCC 23206"). M.
arginini G230" was obtained from the Collection of the Institut
Pasteur. Portions (0.2 ml) of late-exponential-phase mycoplas-
mas were grown on 2-ml portions of BDA and BDG at 37°C
under microaerophilic conditions. Arginine-hydrolyzing myco-
plasmas alkalinize BDA, and the yellow color of BDA changes
to purple. Glucose-fermenting mycoplasmas acidify BDG, and
the red color of BDG changes to yellow.

In addition, the following microorganisms were investigated
to evaluate the specificity of the primers used for the PCR: M.
pirum, M. salivarium, M. pneumoniae, Mycoplasma hominis,
Mycoplasma genitalium, Mycoplasma pulmonis, Ureaplasma
urealyticum, Staphylococcus pasteurii, B. subtilis, Enterococcus
faecalis, Streptococcus sp., Clostridium difficile, Clostridium
perfringens, Clostridium ramosum, Clostridium innocuum,
Rhodococcus sp., Escherichia coli, Saccharomyces cerevisiae,
Candida albicans, and Aspergillus flavus.

DNA extraction. Genomic DNAs were extracted from my-
coplasmas by the method described by Carle et al. (7) to
evaluate PCR sensitivity. Following extraction, DNAs were
purified by equilibrium centrifugation in CsCl-ethidium bro-
mide continuous gradients as described by Sambrook et al.
(36).

Sera and infection. Commercial mycoplasma-free tested
sera from horses, newborn calves, and fetal calves were ob-
tained from GIBCO-BRL, Cergy Pontoise, France. These sera
were diluted five times in a physiological salt solution and
infected with known amounts of broth-grown mycoplasmas,
defined by determining the numbers of CFU and color-
changing units (CCU) as described by Rodwell and Whitcomb
(32). The CCU titration was based on the correlation between
the growth of mycoplasmas and the color changes of broth
media supplemented with appropriate pH indicators.

Treatment of seeded samples. Simulated samples (10 ml)
were centrifuged in 13.2-ml Ultra-Clear tubes (Beckman In-
struments, Palo Alto, Calif.) by using a type SW41 Ti rotor
(Beckman Instruments) at 4°C for 30 min at 20,000 X g. The
resulting pellets were resuspended in washing buffer (10 mM
Tris-HCI [pH 8.3], 50 mM KCl, 1.5 mM MgCl,), and the
resulting preparations were mixed well and centrifuged with an
Eppendorf model 5414 instrument at 4°C for 15 min at the
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FIG. 1. Positions of the oligonucieotide primers used for detection
of mycoplasmas at both the genus (A) and species (B) levels on a
schematic physical map of the mycoplasmal 16S rRNA gene.

maximum speed. DNAs were released from the samples by
adding 25 pl of solution A (10 mM Tris-HCI [pH 8.3], 100 mM
KCl, 2.5 mM MgCl,) and 25 pl of solution B (10 mM Tris-HCI
[pH 8.3], 2.5 mM MgCl,, 1% Tween 20, 1% Triton X-100, 120
g of proteinase K [Appligene, Inc., Pleasanton, Calif.] per ml;
the proteinase K was from a 20-mg/ml stock solution in 5 mM
Tris-HCI [pH 7.8]-50% glycerol kept at —20°C) to the washed
pellets, incubating the preparation for 1 h at 60°C, boiling it for
10 min, and then chilling it on ice.

Oligonucleotide primers for the PCR and oligonucleotide
probe. The existence of regions which exhibit sequence vari-
ability at the genus and species levels in mycoplasmal 16S
rRNA genes allowed us to select genus- and species-specific
primers for the PCR (Fig. 1 and Tables 1 and 2). A 40-pmol
portion of radioactive DNA probe GPO-1 (43) was labelled in
25 ul of a solution containing 50 mM Tris-HCI (pH 7.4), 10
mM MgCl,, 5 mM dithiothreitol, 1 mM spermidine, 200 wCi of
[y-**P]ATP (Amersham International, Amersham, England),
and 30 U of T4 polynucleotide kinase (United States Biochem-
ical Corp., Cleveland, Ohio) by incubating the preparation for
45 min at 37°C. The enzyme was inactivated by heating the
preparation for 5 min at 65°C. The 5’-end-labelled oligonucle-
otide was purified on a Nick column (Pharmacia LKB, Upp-
sala, Sweden) according to the manufacturer’s instructions.

DNA amplification. To avoid contamination by naturally
occurring DNA or by PCR product carryover, we used sepa-
rated areas for PCR preparations and products. We routinely
autoclaved and used UV to irradiate reagents that could be
autoclaved and irradiated without affecting their performance.

TABLE 1. Sequences of the primers used in this study

Primer* Sequence LOC?F”"
(positions)
RNAS 5"-AGAGTTTGATCCTGGCTCAGGA-3' 10-31
RNA3 5'-ACGAGCTGACGACAACCATGCAC-3' 1043-1065
GPO-1  5'-ACTCCTACGGGAGGCAGCAGTA-3’ 338-359
MGSO  5'-TGCACCATCTGTCACTCTGTTAACCTC-3' 1029-1055
UNI - 5'-TAATCCTGTTTGCTCCCCAC-3’ 763-782
ARG+  5'-GTGAAAGGAGCCCTTAAAGC-3’ 193-212
ARG2 5'-TCAACCAGGTGTTCTTTCCC-3' 440-459
ARG—-  5'-CTGCGTCAGTGAACTCTCCA-3' 829-848
HYR+  5'-GAAAGGAGCTTCACAGCTTC-3' 198-217
ORAS 5'"-GGAGCGTTTCGTCCGCTAAG-3' 199-218
FER+ 5'-AAGAAGCGTTTCTTCGCTGG-3' 203-222
ACH3 5'-AGCCGGACTGAGAGGTCTAC-3' 277-296

“ RNAS, RNA3, GPO-1 (43), MGSO (43), and UNI— are genus-specific
primers. ARG+, ARG2, and ARG~ (M. arginini), HYR+ (M. hyorhinis),
ORAS (M. orale), FER+ (M. fermentans), and ACH3 (A. laidlawii) are species-
specific primers.
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TABLE 2. Primer use and lengths of amplified fragment

Length of amplified
Organism Primer 1 Primer 2 fragment

(bp)
Mycoplasmas GPO-1 MGSO 717
M. arginini RNAS ARG2 449
A. laidlawii ACH3 UNI- 505
M. hyorhinis HYR+ UNI - 584
M. orale ORAS UNI - 583
M. fermentans FER+ UNI- 579

The 1,000-J irradiation treatment was performed in a UV box
(model 1800 Stratalinker UV crosslinker; Stratagene, La Jolla,
Calif.) as described by Ou et al. (30). UV irradiation was also
used for microcentrifuge tubes, racks, surfaces of laboratory
benches, and instruments by using UV lamps on the benchtop.
We included negative controls, which contained all of the
reagents except template DNA, with each set used for ampli-
fication. Careful laboratory procedures (aliquoting reagents,
using tips with aerosol barriers, changing gloves frequently,
premixing reagents, and adding DNA last) were used in order
to minimize the risk of contamination (10, 22).
Oligonucleotide primers were synthesized with a DNA
synthesizer (model 380B; Applied Biosystems, Inc., Foster
City, Calif.) by the methoxyphosphoramidite method at the
Unité de Chimie Organique of the Institut Pasteur, Paris,
France. Sequences were amplified with a thermal cycler (Per-
kin-Elmer Cetus, Norwalk, Conn.) by using the method de-
scribed by Saiki et al. (35). Each PCR assay was performed in
100 pl of reaction mixture containing 50 mM KCl, 10 mM
Tris-HCI (pH 8.3), 1.5 mM MgCl,, 0.01% (wt/vol) autoclaved
gelatin, 25 pM tetramethylammonium chloride (Aldrich, Mil-
waukee, Wis.), 80 pmol of primer 1, 80 pmol of primer 2, each
deoxynucleoside triphosphate at a concentration of 200 pM, 2
U of Taq polymerase (Amersham International), and 10 .l of
DNA sample. Each reaction mixture was overlaid with 2 drops
of mineral oil to prevent evaporation. The DNA samples were
added last, through the oil. The samples were subjected to an
initial denaturation cycle for 15 min at 95°C and then to 30
cycles consisting of 95°C for 30 s for denaturation, 58°C for 1.5
min (genus-specific PCR) or 64°C for 1.5 min (species-specific
PCR) for annealing, and 72°C for 1.5 min or more (increased
1 s per cycle) for extension. Finally, the mixtures were sub-
jected to an additional extension cycle at 72°C for 10 min.
Analysis of the amplified DNA. Portions (20 pl) of the PCR
products were analyzed on a 2% agarose gel (SeaKem ME;
FMC, Rockland, Maine) by electrophoresis in Tris-borate-
EDTA buffer. Electrophoresis was performed at 100 V for 1 to
1.5 h, and then the gel was stained with a solution containing
0.5 pg of ethidium bromide per ml for 30 min. DNA fragments
were visualized by UV illumination at 312 nm. For Southern
blotting, the gel was denatured in 1.5 M NaCl-0.5 N NaOH,
neutralized in 0.5 M Tris-HCl (pH 7.4)-3.0 M NaCl, and
transferred to a nylon membrane (Hybond-N*; Amersham
International) by vacuum blotting (VacuGene XL apparatus;
Pharmacia) in 20X SSC (1 SSCis 0.15 M NaCl plus 0.015 M
sodium citrate [pH 7.0]). The DNA was covalently linked to
membranes by exposure to 1,200 nJ of UV irradiation (254
nm) in a UV box. The nylon membranes were prehybridized
for 2 h at 25°C in 10 ml of a solution containing 4 X SSC, 1X
Denhardt solution (0.02% Ficoll, 0.02% polyvinylpyrrolidone,
0.02% bovine serum albumin), 0.02 M Tris-HCl (pH 7.4), 40%
(vol/vol) formamide, 0.1 g of dextran sulfate per ml, and 20 pg
of denatured fragmented salmon sperm DNA per ml of
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prehybridization mixture. Hybridization was performed for 16
h at 25°C in the solution described above containing 6 X 10°
cpm of **P-5'-end-labelled oligonucleotide probe per ml of
hybridization mixture. The blots were washed once for 5 min
and three times for 20 min at 30°C in 2X SSC-0.1% sodium
dodecyl sulfate (SDS) and then twice for 20 min at 30°C in
0.1X SSC-0.1% SDS. The blots were autoradiographed for 3
h at —80°C on Hyperfilm-MP (Amersham International) film.

RESULTS

Evaluation of sensitivity. In preliminary studies, the sensi-
tivity of the PCR method was determined by examining serial
dilutions of purified DNAs from M. arginini, A. laidlawii, M.
hyorhinis, M. orale, and M. fermentans. The genus-specific PCR
produced a visible fragment of the expected size (717 bp) for
all of the mycoplasma species tested (Fig. 2). Distinct bands
were observed in ethidium bromide-stained agarose gels, and
the detection limit was 10 fg, which is equivalent to 5 to 15
genome copies depending on the species tested. The species-
specific PCR produced 449-, 505-, 584-, 583-, and 579-bp
fragments for M. arginini, A. laidlawii, M. hyorhinis, M. orale,
and M. fermentans, respectively (Table 2). The last visible
fragments were produced from 10 fg of template DNA,
indicating that 5 to 15 microorganisms could be detected,
depending on the species tested. When the amplified segments
of DNA were hybridized with the complementary >?P-labelled
oligonucleotide probe, GPO-1, the detection limit was raised
10-fold under both genus-specific and species-specific condi-
tions (Fig. 2). It was then possible to see bands on autoradio-
grams that were not visible on the stained gel, even after a
short exposure time (3 h). Aliquots from PCR mixtures
containing 1 fg of template DNA (approximately one genome
copy) gave a hybridization signal. Eventual contamination of
animal sera by more than one species of mycoplasma led us to
determine the limit of detection of our assay by using a
combination of mycoplasmas having different origins. Thus, we
used various DNA mixtures (DNAs from two to four different
species) that had human and/or serum origins. For each
combination, under genus-specific conditions, the limit of
detection was still 10 fg. On the other hand, under species-
specific conditions, the limit of detection varied from 10 to 25
fg, depending on the association tested.

However, these results were obtained when purified chro-
mosomal DNA was used as the template in the PCR. The
sensitivity achieved with purified DNA may not be achieved
with DNAs extracted from simulated samples or commercial
samples of animal sera. Therefore, the sensitivity of the PCR
method was assessed with DNAs extracted from simulated
samples by performing a limiting dilution experiment; 10 CCU
per PCR sample was consistently detected, and 1 CCU was
detected in only 50% of the reactions. A Southern blot analysis
with GPO-1 increased the sensitivity 10-fold. Thus, the limit of
detection was estimated to range from 1 to 10 CCU/ml of PCR
sample (i.e., 0.25 to 2.5 CCU/ml of serum sample). The results
obtained by determining the number of CCU were confirmed
by determining the number of CFU.

Evaluation of specificity. Under our conditions, the genus-
specific primer set consisting of MGSO and GPO-1 was not
absolutely specific to mollicutes depending on the concentra-
tion of DNA studied. Cross-reactions not mentioned by Van
Kuppeveld et al. (43) were observed with some bacteria that
are phylogenetically closely related to mollicutes (e.g., Entero-
coccus faecalis, C. innocuum, B. subtilis), with bacteria that
arose from branches that are more distant on the mycoplasma
phylogenetic tree (e.g., Streptococcus sp., Staphylococcus pas-
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FIG. 2. Sensitivity of the PCR detection assay. Purified DNA from M. fermentans was serially diluted and subjected to a PCR with genus-specific
primers (lanes 2 to 10) or with species-specific primers (lanes 12 to 20). (A) Ethidium bromide staining of DNA on the agarose gel. (B) Southern
blot analysis of the gel shown in panel A, using [y->>P]JATP-labelled probe GPO-1. Lanes 1 and 11, DNA markers (lane 1, $X174 replicative-form
DNA HinclI digest [Pharmacia}; lane 11, A DNA HindIII digest); lanes 2 and 12, negative controls (sterile distilled water); lanes 3 and 13, 100 pg;
lanes 4 and 14, 10 pg; lanes 5 and 15, 1 pg; lanes 6 and 16, 100 fg; lanes 7 and 17, 10 fg; lanes 8 and 18, 1 fg; lanes 9 and 19, 100 ag; lanes 10 and

20, 10 ag.

teuri, Escherichia coli, Rhodococcus sp., C. perfringens), and
even with yeasts (e.g., Saccharomyces cerevisiae). The specific-
ity of the species-specific primer sets was also investigated. At
an annealing temperature of 64°C, no amplification product
was detected when mycoplasmal DNA from a species other
than the species tested or nonmycoplasma bacterial DNA was
examined (see Materials and Methods for the species tested).
Use of primer sets specific for M. arginini, A. laidlawii, M.
hyorhinis, M. orale, and M. fermentans resulted in amplification
of DNA fragments having the expected sizes (449, 505, 584,
583, and 579 bp, respectively). Tests with purified DNA were
then completed by performing specificity studies with simu-
lated samples. The primer sets exhibited the same specificity
with all five type strains mentioned in Materials and Methods
and with cell culture contaminant strains identified in our
laboratory (13 M. arginini strains, 3 A. laidlawii strains, 46 M.
hyorhinis strains, 13 M. orale strains, and 12 M. fermentans
strains).

In order to enhance the specificity of our method, we used
the three-primer PCR described by Kai et al. (20). We used
RNA3, RNAS, and inner primer UNI— for the genus-specific
PCR and ARG+, ARG —, and inner primer ARG2 for the
species-specific PCR for M. arginini (Table 1). The reaction
produced an additional band having the predicted size (772 bp
in the genus-specific PCR and 266 bp in the PCR specific for
M. arginini), which confirmed the identity of the initial PCR
product (1,055 bp in the genus-specific PCR and 655 bp in the
PCR specific for M. arginini). The detection limit with this
technique was also 10 fg (Fig. 3).

DISCUSSION

Contamination of animal sera by mollicutes is a widespread
problem that has biological and economic importance for cell
culturists and serum processors. Since there is at present no
reliable, reproducible, fast, sensitive, specific assay for detect-
ing mycoplasma infections in animal sera, our aim was to
develop a procedure which is superior to classical microbio-
logical culturing, AdoP activity screening, and indicator cell
culture techniques. In this paper we describe the use of the
PCR in a mycoplasma infection detection system for animal
sera that is useful in laboratory and industrial applications.

The exquisite sensitivity of our PCR-based detection tech-

15253585607 ..8:9::10.1112:13:14:15/16,17,18:19.20
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FIG. 3. Sensitivity of the three-primer PCR detection assay. Puri-
fied DNA from M. arginini was serially diluted and subjected to the
universal PCR by using three genus-specific primers (lanes 2 to 10) or
to the specific PCR by using three species-specific primers (lanes 12 to
20). Lanes 1 and 11, DNA markers (HindIII-digested A DNA); lanes 2
and 12, negative controls (sterile distilled water); lanes 3 and 13, 100
pg; lanes 4 and 14, 10 pg; lanes S and 15, 1 pg; lanes 6 and 16, 100 fg;
lanes 7 and 17, 10 fg; lanes 8 and 18, 1 fg; lanes 9 and 19, 100 ag; lanes
10 and 20, 10 ag.
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nique presented two major limits that we had to control. First,
inhibition of the amplification reaction because of the presence
of contaminants in samples has been described previously as a
source of false-negative results (9). No internal positive con-
trols were included in the PCR, since the sera were intention-
ally infected. Tests to determine the detection limit with
seeded animal sera revealed amplification around the thresh-
old of mycoplasma concentration (10 organisms). Moreover,
the PCR was not inhibited when undiluted sera were used
(data not shown). Therefore, the possibility that main inhibi-
tors were present under the conditions of our assay was
eliminated. Second, since the PCR can generate millions of
DNA copies in a 100-pl reaction volume, product carryover
and exogenous DNA have been described in many cases as
sources of contamination and, thus, false-positive results (9, 11,
22, 30). Strict laboratory procedures (see Materials and Meth-
ods) were used to minimize the risk of contamination. More-
over, negative controls from concentration to extraction and
the PCR steps were included to monitor contamination.

The first requirement of the assay was high sensitivity in
order to detect the presence of rare mycoplasmas in large
volumes. Initially, we concentrated the samples and optimized
each technical step of the method. The detection limit ranged
from 5 to 15 mycoplasmas and was increased to 1 mycoplasma
by using radioactive labelling. The results obtained with puri-
fied DNA were in agreement with the results of previous
studies. Recently published detection limits have varied from 1
to 100 mycoplasmas, depending on the species tested, the PCR
target, the primer design, and the PCR conditions used (6, 14,
21, 23, 29, 33, 37, 39). Since between 10 and 100 mycoplasmas
(1 to 10 mycoplasmas after hybridization) could be detected in
PCR samples, fourfold concentration by centrifugation al-
lowed the detection of less than 10 organisms per ml of original
serum sample. Obviously, the concentration factor could be
increased. Apart from the potential presence of inhibitors in
sera, the loss of sensitivity of the PCR assay compared with
purified DNA could be explained mainly by the yields of
resuspension of the cells after centrifugation (estimated to be
near 80%) and also by the DNA extraction yields. No other
investigation has explored the use of the PCR technique for
detecting mycoplasmas in animal sera. Nevertheless, data
evaluating the use of the PCR technique for diagnosis of
mycoplasma infections by detection in clinical samples are
available. Jensen et al. (18) observed a detection limit of 40 M.
pneumoniae cells in simulated clinical samples- (throat swabs
from healthy individuals) after 70 cycles of amplification of a
153-bp segment of the gene for the P1 virulence protein and a
detection limit of 4 organisms after hybridization with a
32P-labelled oligonucleotide probe. Skakni et al. (37) were able
to detect 10 M. pneumoniae cells (1 organism in 25% of the
reactions) in clinical samples (nasopharyngeal aspirations or
bronchoalveolar lavages) obtained from children. Using 35
cycles of amplification of a 375-bp segment of the gene coding
for the P1 cytadhesin protein, Buck et al. (6) were able to
detect between 1 and 10 M. pneumoniae cells in simulated
specimens prepared from throat swabs. Dot blot hybridization
with a biotin-labelled DNA probe did not increase the sensi-
tivity. Our results obtained with simulated animal sera were
comparable to the results of these previous studies. Since the
rRNA copy number is high (up to 10,000 copies per cell [43])
and is much more than the copy number of the rRNA gene (1
or 2 copies per cell [13]), the reverse transcription PCR (43)
was used as a detection technique in our method. The results
obtained under the conditions described by Van Kuppeveld et
al. (43) could not be reproduced in our assay. We failed to
increase the sensitivity, and nonspecific amplification was
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observed. This was due in part to stable RNA secondary
structures that hampered reverse transcription and thus cDNA
synthesis. The use of a nested PCR (29) resulted in an increase
in sensitivity (data not shown), but this time-consuming tech-
nique was a source of contamination and nonspecific amplifi-
cation. Therefore, we did not routinely use these two PCR-
derived techniques.

The second requirement of our assay was specificity to
detect only mycoplasmas and not other microorganisms con-
stantly present in unprocessed serum sublots and possibly in
final lots of manufactured sera (2). Because of cross-reactions
observed with nonmycoplasma bacteria and even yeasts, the
results obtained under genus-specific conditions alone lacked
specificity. These cross-reactions were not mentioned by Van
Kuppeveld et al. (43), although we used more specific PCR
conditions (a higher annealing temperature) than Van Kuppe-
veld et al. did. Since specificity experiments are dependent on
DNA concentrations, the divergence could be explained by the
use of higher concentrations in our assay. However, the
combination of a universal (i.e., genus-specific) PCR followed
by a specific (i.e., species-specific) PCR and Southern blot
hybridization proved to be a highly specific approach. In fact,
it enabled us not only to confirm that the amplification
fragment was the fragment expected, but also to identify the
contaminant mycoplasmas at the species level. With the excep-
tion of serological tests, including the immunoenzymatic de-
tection kit (Boehringer Mannheim Biochemica, Mannheim,
Germany), which at present is limited to four species, the
specific PCR approach is the only detection assay that allows
direct identification and thus determination of the source of
contamination. Actually, a contamination course and eventu-
ally a hypothesis concerning the origin of the contaminant can
be determined from the species identified. The combination of
a universal three-primer PCR and a specific three-primer PCR
is an attractive alternative to the protocol described above,
because this technique allows rapid and simple identification of
contaminant mycoplasmas. Unlike Southern blot hybridiza-
tion, the three-primer PCR does not increase sensitivity, but it
is faster and much simpler and avoids the disadvantages of
handling radioactive materials. For these reasons, this ap-
proach can be used in every routine diagnostic laboratory or
research laboratory in which the PCR is used.

When the detection methods used at this time are com-
pared, only our PCR-based assay combines specificity that
allows direct contaminant identification and the high level of
sensitivity required to detect small contamination rates in
commercial filtered sera. Our assay is also faster than culture-
based methods. The results are available within 1 day, in
contrast to the 2 to 6 weeks required by the microbiological
culture techniques and the 1 to 3 weeks required by the cell
culture-based techniques. Moreover, DNA staining (e.g., stain-
ing with 4',6-diamidino-2-phenylindole dihydrochloride) after
cell culturing and microbiological culturing relies on subjective
reading of the results. These detection assays require training
and experience. On the other hand, interpretation of the PCR
results is easy because it relies on an objective reading.
Moreover, the PCR method is very repeatable, with no varia-
tion between replicate results of an experiment, and reproduc-
ible, with only slight variations between the results of replicate
experiments. However, unlike culture-based methods, our
assay does not differentiate dead mycoplasmas from viable
mycoplasmas. Therefore, it could give a diagnosis of excess
contamination and lead to elimination of sera containing dead
mycoplasmas.

Our results suggest that the PCR has significant potential as
a rapid, sensitive method for detecting and identifying myco-
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plasmas in animal sera. Compared with the time-consuming
and fastidious indicator cell culture and broth-agar culture
detection methods and the enzymatic detection method, which
is not very specific, the PCR assay is a promising method, for
the diagnosis of animal serum contamination by mycoplasmas.
The method described above could provide an interesting
alternative to the currently used detection methods. The
viability and rapidity of the assay could be useful for cell
culturists. Moreover, in the serum supply industry, this assay
could be combined with a confirmation test to provide quality
control procedures for animal serum producers, to improve the
validity of results, and to reduce the time of quarantine.
Although the results obtained with simulated samples de-
scribed above are encouraging, the suitability of the assay for
detection and identification of mycoplasmas in commercial
animal sera remains to be established. Therefore, we are
currently performing additional studies with a large number of
commercial samples in order to validate the PCR assay.
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