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Detection of indicator pathogens from pharmaceutical finished
products and raw materials using multiplex PCR and comparison
with conventional microbiological methods

Venkateswara Rao Karanam - Haranatha P. Reddy -
B. V. Subba Raju : Juvva Chandra Rao -
P. B. Kavikishore - M. Vijayalakshmi

Received: 9 January 2008 / Accepted: 14 May 2008 / Published online: 3 June 2008

© Society for Industrial Microbiology 2008

Abstract A multiplex PCR assay was devised and com-
pared with standard conventional methods for quality eval-
uation of pharmaceutical raw materials and finished
products with low levels of microbial contamination. Sam-
ples which were artificially contaminated with <10 colony
forming units of Escherichia coli, Staphylococcus aureus,
Pseudomonas aeruginosa, and Salmonella species and pos-
sibly contaminated samples were incubated for 16 h with
different enrichment media. Primers that deduce 559 bp
fragment of the 16S rRNA gene was employed in amplify-
ing E. coli species, similarly invasion protein gene with
275 bp fragment size was used as target for detecting Sal-
monella spp., in case of S. aureus a 461 bp amplicon from
m-RNA nuclease gene, and an 709 bp fragment from oprL
gene was used for amplifying P. aeruginosa. The detection
limits for artificially contaminants by multiplex PCR was
1 CFU/g, where as in case of conventional method the
detection limit was >2 CFU/g. Similarly, when tested with
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possibly contaminated samples, 35% were detected for E.
coli, Salmonella spp., S. aureus and P. aeruginosa species
with multiplex PCR, while only 21% were detected with
standard conventional microbial methods. Multiplex PCR
assay provides sensitive and reliable results and allows for
the cost-effective detection of all four bacterial pathogens in
single reaction tube.
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Escherichia coli - Pseudomonas aeruginosa -
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Introduction

United States Pharmacopoeia (USP) microbial limit test
necessitates the determination of total microbial content of
bacteria, yeast, and molds in non-sterile pharmaceutical
samples. In addition to microbial content, microbiological
analysis needs to determine the safety of a given product by
the presence or absence of indicator microorganisms which
are hazardous to consumers. For this purpose, USP micro-
bial limits test requires absence of four different bacterial
indicators: Salmonella spp., Staphylococcus aureus, Pseu-
domonas aeruginosa, and Escherichia coli. In spite of regu-
latory guidelines and recommended methods, microbial
contamination is still one of the major causes for products
recalls world wide. Of four USP and EP (European Phar-
macopoeia) bacterial indicators S. aureus, P. aeruginosa,
and E. coli were found in samples of toothpastes, topical
products, shampoos, oral solutions, drugs, and disinfectants
[2, 7, 10, 18, 21, 26]. Contamination was due to the pres-
ence of objectionable microorganisms in raw materials and
water or from poor practices during product manufacturing.
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The development of rapid, sensitive, and infallible meth-
ods of detecting indicator pathogens has received much
impetus in the recent years owing to an increased aware-
ness of the health hazards associated with microbial con-
tamination of pharma samples. Conventional methods of
detecting bacteria in pharma contaminants comprise propa-
gation in selective enrichment media followed by confirma-
tion and biochemical tests, which are cumbersome and
time-consuming. The advent of nucleic acid-based assay
systems like the polymerase chain reaction (PCR) has led to
the emergence of improved, expedient, and reliable meth-
ods of microbial identification and surveillance, capable of
even detecting non-viable cells [17]. The direct detection of
indicator pathogens in pharma contaminants is a challeng-
ing task, hampered by the presence of PCR-inhibitory sub-
stances frequently associated with enrichment media, DNA
isolation reagents and the matrix itself and additionally
compounded by the presence of high numbers of indige-
nous microorganisms [42].

Rapid release of samples has resulted in the optimization
of manufacturing, product testing, and release allowing
high throughput and simultaneous analysis of pharmaceuti-
cal formulations. ATP bioluminescence, impedance, direct
viable counts, and flow cytometry determine the total
microbial content in a given pharmaceutical sample, while
PCR and immunoassays detect the presence or absence of
specific microbial species. Rapid methods provide reliable
and cost-effective analysis for the microbiological evalua-
tion of pharmaceutical environments. Molecular methodol-
ogies such as ATP bioluminescence and PCR-based assays
provide rapid quality control analysis of cosmetic and phar-
maceutical finished products and raw materials. The pres-
ence of objectionable microorganisms in cosmetics and
pharmaceutical products represents a serious health threat
to consumers in world wide [27, 37].

Furthermore, microbial growth has a negative impact on
product integrity [35]. Microbial contamination indicates a
lack of process control and good manufacturing practices
(GMP). Therefore, reducing the frequency or avoiding
microbial contamination will optimize quality evaluation
and process control. Even though, there is increasing
demand for new pharmaceutical products, optimization of
resources and constant pressures for cost reduction, there is
urgent call for all pharmaceutical industries to develop and
implement rapid microbiological procedures for quality
control evaluation [25]. However, these new procedures
must accomplish rapid sample screening without compro-
mising efficacy and resolution.

Pharmaceutical raw material is defined as every active or
inactive substance used in the manufacturing process of a
pharmaceutical dosage form. This substance can remain
unchanged or suffer any modification during the process.
According to their function performed in the medicament,
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they are classified in two groups: (1) active ingredients with
pharmacological activity and (2) excipients that allow the
dosage of the active ingredient and its suitability to the
administering route.

Control of microbiological contamination of the raw
materials is extremely important, because microorganisms
may contaminate the finished product as well as the manu-
facturing plant, which cause an intermittent or continuous
pollution of the product that is very difficult to eliminate
[33]. The microorganisms that appear in the raw materials
can be the origin of certain diseases or may cause spoilage
of the medicaments. In recent times, different cases of
infections caused by the use of contaminated medicaments
have been reported in the scientific literature. Among those
cases, it was shown that microbiological contaminations are
the root cause for all the raw materials. Many cases have
been described such as tetanus in talcum powder [10]; Sal-
monella infections in tyroidine tablets [18] or by coloring
agent (caramine) of capsules [21] and by pancreatine pow-
der [7]; bacteremia by Pseudomonas cepacia present in
iodated povidone [2], urinary infections was stimulated by
Pseudomonas species in chlorheximide [26], ocular infec-
tions were induced by P. aeruginosa in hydrocortisone
ointment [18], wound infections caused by Pseudomonas
multivorans in a chlorheximide solution [1], and finally
skin infections by Mycobacterium chelonae in the gentiane
violet used to mark the skin in surgery [34]. The animal raw
materials exhibit a very high contamination, mainly due to
non-pathogenic enterobacteria, though pathogenic strains
of Salmonella and Shigella have also been found [36].

Food and Drug Administration microbiologist routinely
examines microbial burden in non-sterile pharmaceutical
and cosmetic products [32, 38]. Standard methods are
based upon microbiological and biochemical characteriza-
tion of microorganisms [5, 24, 28]. These methods are
labor intensive, time-consuming, slow, and sometimes non-
specific and were developed for the isolation of microor-
ganisms from clinical samples. Standard microbiological
analysis of pharmaceutical samples requires 5—7 days to be
completed [4, 28, 39]. However, rapid methods have given
results within 24-30 h [12, 13]. Nevertheless, companies
have relied on these methods for quality evaluation of raw
materials and finished products [4, 5]. The implementations
of rapid methods by a few pharmaceutical companies have
already contributed to significant cost-savings and resource
optimization [6]. Furthermore, with the increasing com-
plexity of analyses routinely performed in industrial micro-
biology laboratories, current standard methods do not fulfill
those requirements.

Therefore considering above facts, there is demand to
develop and apply new technologies for microbiological
monitoring of products and raw materials which will be
rapid, sensitive, accurate, and cost-effective method [40].
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The use of rapid technologies for quality control evaluation
of finished products and raw materials has resulted in opti-
mization of product release and manufacturing [13].

However, new molecular methods are available that can
rapidly detect microorganisms in contaminated samples.
PCR amplifies genetic sequence of the microbial contami-
nant [11] without compromising specificity and sensitivity.
Multiplex PCR assays have been developed and validated for
environmental, food, and clinical analyses [3, 19, 23]. How-
ever, no multiplex PCR assay has been developed for the
detection and identification of indicator bacteria in cosmetic/
pharmaceutical raw materials or finished products. The pur-
pose of this study was to develop multiplex PCR assay to
detect the presence of bacterial contamination in cosmetic/
pharmaceutical raw materials and finished products.

This assay has been shown to detect the target pathogens
without interference by other commonly associated pharma
bacteria. This is important because in most commercial and
many research settings pure cultures would not be the sub-
ject of the assay, while the usefulness of the assay based
upon speed, accuracy, and cost-effectiveness, has been
demonstrated.

Materials and methods
Bacterial strains and growth conditions

The standard strains of Escherichia coli, Salmonella spp.,
Staphylococcus aureus and Pseudomonas aeruginosa,
Pseudomonas fluorescence, Pseudomonas putida, Pseudo-
monas stutzeri, Burkholderia cepacia, Brevundimonas
diminuta, Pseudomonas cepacia, Enterobacter aerogenes,
Klebsiella pneumoniae, Shigella sonnei, Citrobacter freun-
dii, Enterobacter cloacae, Staphylococcus intermedius,
Stapylococcus epidermidis, Staphylococcus haemolyticus,
Staphylococcus warneri were procured from National Col-
lection of Industrial Microorganisms (NCIM), Pune and
IMTECH (microbial type culture collection-MTCC), Chan-
digarh. The bacterial strains were spiked in the range of
<10 CFU/g or ml in raw materials and finished products of
pharma samples and 10 g of samples were enriched in
100 ml of trypticase soy broth containing 4% Tween-20
and 0.5% soy lecithin for E. coli, S. aureus and P.aerugin-
osa, and 10 g in 100 ml of BPW for Salmonella spp. and
incubated at 37 °C for a period of 16 h. Exactly 10 ml of
enriched culture were centrifuged at 12,000 rpm for 5 min
at 4 °C from all the samples and the pellet was used for
DNA extraction. For standard conventional analysis, the
USP procedure was followed for the detection of E. coli,
Salmonella spp., S. aureus and P. aeruginosa. Inoculated
samples were incubated at 35 °C. Fluid lactose broth
enrichments were streaked on eosine methylene blue agar

(EMB), MacConkey agar, xylose lysine deoxycholate agar
(XLD) and brilliant green agar (BGA). Trypticase soy broth
enrichments were streaked on cetrimide agar, Baired Parker
agar (BPA) and mannitol-salt agar. After 24-48 h of incu-
bation at 35 °C, colonies were streaked onto sterile plates of
trypticase soy agar (TSA) for isolation of pure cultures.
TSA plates were incubated for 18-24 h and cells from pure
cultures were gram stained and further biochemical identifi-
cation and serological analysis of individual colonies was
performed.

Artificially and possibly contaminated pharma sample
analysis

A total of 70 possibly and 50 artificially contaminated sam-
ples of the following excipients were analyzed: possibly
contaminated samples were 18 lactose, 10 nicotinamide, 8
sodium starch glycollate, 6 xantan gum, 6 gelatin, 6 maize
starch, 4 micro crystalline cellulose, 3 ranitidine HCL, 3
mannitol, 3 talc purified, and 3 ibuprofen suspensions. Arti-
ficially contaminated samples were 9 magnesium stearate, 8
aluminium hydroxide gel, 6 talc purified, 6 lactose, 6 gela-
tin, 5 maize starch, 4 attitude hand and body cream, 3 nutri-
lite daily tablets, and 3 simethicone emulsions. These
samples were procured from Vimta Labs Limited, Hydera-
bad, Sipra Labs Private Limited, Hyderabad, Lucid Labs
Private Limited, Hyderabad. These samples were inocu-
lated separately into pre-enrichment broths with 10% (w/v)
of product. Among 50 samples, 25 samples were inoculated
with <2 CFU/g and remaining 25 samples were inoculated
with >2 CFU/g separately as per USP and the pathogens
were subjected for DNA extraction to identify the patho-
gens in uniplex and multiplex PCR methods.

DNA isolation

Bacterial pathogen DNA was isolated from different
pharma contaminants using the phenol—chloroform method.
The centrifuged pellet was resuspended in TE buffer
(10 mM Tris/HCI, pH 8.0), 15 pl 20% SDS and 3 pl pro-
teinase-K (20 mg/ml). The mixture was incubated at 37 °C
for 1 h. After incubation, 100 pl of 5 M NaCl was added
and mixed thoroughly. To this solution 80 pl of CTAB
reagent (4.1 g of NaCl, 10 g of hexa decyl trimethyl ammo-
nium bromide in 100 ml of distilled water) was added and
incubated at 65 °C for 10 min. DNA was isolated by centri-
fugation after phenol-chloroform extraction and was
washed with 70% ethanol and dried in a speed vacuum con-
centrator. The purity of the DNA was checked by 0.8%
agarose gel electrophoresis and the quantity of extracted
DNA was determined by spectrophotometer and subjected
to uniplex, multiplex PCR, and other specificity and sensi-
tivity tests as a template.
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Uniplex PCR reaction

The primer sequences utilized for detection of the four
selected bacterial pathogens are shown in Table 1. All
primers were designed by Gene tool software and synthe-
sized by Mermade IV oligo synthesizer at Bioserve Bio-
technologies India Pvt Ltd. Individual PCR reactions for
E.coli, Salmonella spp., S.aureus and P.aeruginosa were
optimized. The PCR was carried out in 0.2 ml tubes with a
reaction volume of 25 pl. All PCR reactions were contained
200 uM of dNTP, 1X PCR buffer, 1 U Tag DNA polymer-
ase and 100 ng of extracted DNA. Optimization of the indi-
vidual PCR assays were done with different concentrations
of magnesium chloride (1.5 and 2.5 mM) and primer (5 and
10 pmol). The positive control consisted of DNA isolated
from each standard bacterial strain grown in enrichment
broth. The negative controls included PCR mixtures with
primers, but without DNA. The reaction was performed in
an automated thermal cycler with an initial denaturation at
95 °C for 5 min, followed by 35 cycles at 95, 55, and 68 °C
for 30 s, 30 s, and 1 min, respectively, and a final extension
at 68 °C for 7 min.

Optimization of multiplex PCR assay

The optimal conditions for multiplex PCR assay were
applied by varying concentrations of MgCl, (1.5 and
2.5 mM), Taq DNA polymerase (1 U and 2 U per reaction)
and primers (1.0, 2.5, 5.0, 7.5, and 10.0 pmol). The positive
control consisted of DNA isolated from all four bacterial
strains grown in a broth culture. The negative control
includes PCR reaction mixture all four primers, but without
DNA. Reactions were carried out in an automated thermal
cycler with an initial denaturation at 95 °C for 5 min fol-
lowed by 35 cycles at 95, 55, and 68 °C for 30 s, 30 s, and
1 min, respectively, and a final extension at 68 °C for 7 min.

Specificity of multiplex PCR
The PCR primers were also examined for their specificity.

Other pharma contaminants such as Pseudomonas fluores-
cence NCIM 2390, Pseudomonas putida NCIM 2650,

Pseudomonas stutzeri NCIM 5136, Burkholderia cepacia
MTCC 438, Brevundimonas diminuta MTCC 1287, Pseu-
domonas cepacia NCIM 5089, Enterobacter aerogenes
MTCC 2822, Klebsiella pneumoniae MTCC 109, Shigella
sonnei MTCC 2957, Citrobacter freundii MTCC 1658,
Enterobacter cloacae MTCC 7322, Staphylococcus inter-
medius MTCC 3050, Stapylococcus epidermidis MTCC
435, Staphylococcus haemolyticus MTCC 3383, Staphylo-
coccus warneri MTCC 3620 were procured from MTCC
and NCIM sources in addition to our specified pathogens.
Reactions were carried out in an DNA thermal cycler (ABI-
9700) with an initial denaturation at 95 °C for 5 min, fol-
lowed by 35 cycles at 95, 55, and 68 °C for 30 s, 30 s, and
1 min, respectively, and a final extension at 68 °C for
7 min. The specificity was further confirmed by sequence
analysis of amplified PCR product.

Agarose gel electrophoresis

Exactly 10 pl of the amplified PCR products were subjected
to electrophoresis on 1% agarose gel containing 0.1 pg of
ethidium bromide per ml, and then photographed using gel
documentation system C-80 Epi Illumination UV dark
room.

Sensitivity of multiplex PCR

The sensitivity of multiplex PCR was also examined by
varying DNA concentrations ranging from (100, 50, 25,
12.5, 6.25, 3.12, and 1.56 ng), and primers (1-10 pmol).
The reactions were carried out in an automated DNA ther-
mal cycler (ABI-9700) with an initial denaturation at 95 °C
for 5 min, followed by 35 cycles at 95, 55, and 68 °C for
30, 30 s, and 1 min, respectively, and a final extension at
68 °C for 7 min.

Nucleotide sequence analysis

Sequences for amplifying E.coli (KVR-559) were designed
from 16S rRNA sequence; Salmonella spp. (KVR-275)
designed from InvA gene, S. aureus (KVR-461) from m-
RNA nuclease and P. aeruginosa (KVR-709) from oprL

Table 1 List of target bacteria, specific gene and primer sequence with PCR product size

Bacterial target Target Primer sequence PCR
gene product

(bp)

Salmonella spp. Inv A 5'"ATCGCCACGTTCGGGCAATTC3’, 5’ACGGTTCCTTTGACGGTGCGAT3’ 275

Staphylococcus aureus m-RNA 5'TTCGAAAGGGCAATACGCAAAGA3', 5’GCTTTAGTTCGTCAAGGCTTGGCTA3" 461

nuclease
Pseudomonas aeruginosa oprL 5'CGGGCGTGCTGATGCTCGTAT3’, 5'GCGCGAGGAACGTCAGGACAC3’ 709
Escherichia coli 16S rRNA  5'CCGTGTTCTCATCCTCCCGCCTC3', 5’'TCTCCGGTGGTCAGCGTCAGCGT3’ 559
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gene were subjected to sequencing for confirmation of the
bacterial organisms and their homology to sequence dat-
abases in NCBI-GenBank.The sequences were submitted to
GenBank and assigned accession numbers EU311614 (Sal-
monella spp.); EU311615 (S. aureus); EU293839 (E. coli);
EU286532 (P. aeruginosa).

Results
Conventional analysis

The pharmaceutical samples and raw materials were inocu-
lated in trypticase soy broth and fluid lactose broth. These
suspensions were incubated at 35 °C for 24-48 h for
enrichment. After incubation, the enriched broths were
streaked onto selective/differential agar for isolation of the
target microorganisms. After incubation, representative
bacterial colonies were selected based on their morphologi-
cal characteristics. E. coli shown as green metallic sheen
colonies on EMB agar, and lactose fermenting non-mucoid
colonies on MacConkey agar. Salmonella shown as red col-
onies with or without black centers on XLD agar and red-
dish pink colonies on BGA. P. aeruginosa shown as
greenish fluorescence colonies on cetrimide agar. S. aureus
shown as shiny black colonies with opaque zone and fer-
mented colonies on mannitol-salt agar. These colonies
were further confirmed by biochemical and serological

Fig. 1 Conventional microbio-
logical methods

Escherichia coli on Eosin
Methylene Blue Agar

Pseudomonas
on Citrimide Agar

aeruginosa

analysis. The positive cultures morphological characteris-
tics on selective media were depicted in Fig. 1.

Uniplex PCR assay

Uniplex PCR was employed to detect four bacterial patho-
gens, E. coli, Salmonella spp., S. aureus and P. aeruginosa
from different pharma contaminants/samples. The primer
sequences, target region, and amplicon sizes are summa-
rized in Table 1. The results revealed that the primers are
very sensitive and specific to detect bacterial pathogens by
adopting annealing temperature at 55 °C, 5 pmol of primer
and 1.5 mM MgCl, concentration shown in Fig. 2. The
amplified bacterial pathogens were validated by sequence
analysis and subjected to NCBI-BLAST analysis for deter-
mining species specificity. Since, uniplex PCR depicted
promising results, and for the reason that all pathogens
were detected at similar annealing temperature (55° C), we
devised multiplex PCR.

Multiplex PCR assay

The multiplex PCR assay was optimized by varying the
primer (1.0-10.0 pmol) and MgCl, concentrations. But
bands were distinct when species-specific primers are
2.5 pmol of each primer/reaction, 1.5 mM MgCl,, and
annealing at temperature 55 °C. The same conditions were
adopted for further studies. The multiplex PCR results

Staphylocoocus aureus on
Mannitol Salt Agar

Salmoneilla abony on
Deoxycholate Citrate Agar
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Fig. 2 Lane 1, Escherichia coli (559 bp) product, when amplified
with DNA of E.coli; lane 2, Salmonella spp.(275 bp) product, when
amplified with DNA of Salmonella spp.; lane 3, Staphylococcus au-
reus (461 bp) product, when amplified with DNA of S. aureus; lane 4,
Pseudomonas aeruginosa (709 bp) product, when amplified with DNA
of P. aeruginosa; NC negative control; M marker (100 bp ladder)

determined the presence of four bacterial pathogens in sin-
gle reaction with varying amplicon sizes P. aeruginosa
(709 bp),; E. coli (559 bp); S. aureus (461 bp); Salmonella
spp. (275 bp), respectively, shown in Fig. 3.

Specificity of multiplex PCR

To ensure the specificity of the primers used in above mul-
tiplex PCR assay, primers were cross-examined with other
pharma contaminants such as Pseudomonas fluorescence
NCIM 2390, Pseudomonas putida NCIM 2650, Pseudomo-
nas stutzeri NCIM 5136, Burkholderia cepacia MTCC 438,
Brevundimonas diminuta MTCC 1287, Pseudomonas cepa-
cia NCIM 5089, Enterobacter aerogenes MTCC 2822,
Klebsiella pneumoniae MTCC 109, Shigella sonnei MTCC
2957, Citrobacter freundii MTCC 1658, Enterobacter clo-
acae MTCC 7322, Staphylococcus intermedius MTCC
3050, Stapylococcus epidermidis MTCC 435, Staphylococ-
cus haemolyticus MTCC 3383, and Staphylococcus

NC M 1 2

700 bp

- -')mg bp
461 b
400 bp (__ p

300 bp €————000

100 bp -—

Fig. 3 Lane I and 2, Pseudomonas aeruginosa (709 bp); Escherichia
coli (559 bp); Staphylococcus aureus (461 bp); Salmonella
spp.(275 bp); NC negative control; M marker (100 bp ladder)
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warneri MTCC 3620 with varying primer concentrations
(results not shown). Multiplex PCR was carried out using
species-specific primers (2.5 pmol), 1.5 mM MgCl, and at
annealing temperature at 55 °C. The outcome of the experi-
ment concluded that only indicator pathogens P. aerugin-
osa (709 bp), E. coli (559 bp), S. aureus (461 bp), and
Salmonella spp., (275 bp) were amplified and absence of
non-specific bands were pictured as shown in lane 1 of
Fig 4. We also amplified with the mixture of other pharma
contaminants DNA and no bands were seen as shown in
NC lane of Fig. 4. We attempted to test the different strains
of E.coli (6), S. aureus (6), P.aeruginosa (5), Salmonella
spp. (5) and other non-indicator pathogens (15) for deter-
mining the specificity of our primers. The results of the
strain-specific PCR are tabulated in Table 3.

Sensitivity of multiplex PCR by DNA concentration

The sensitivity of multiplex PCR method was regulated by
varying DNA quantity (100-1.56 ng) of each pathogen P.
aeruginosa, E. coli, S. aureus, Salmonella spp., 2.5 pmol
concentration, 1.5 mM MgCl, and at annealing temperature
at 55 °C. All the indicator pathogens were detected even at
1.56 ng of DNA quantity. There is gradual or distinct
decrease in the band intensity when used DNA from higher
concentration (100 ng) to lower concentration (1.56 ng)
shown in Fig. 5.

1000bp s
700D s B —c————— 709bp

500DD s r 559bp
-, - 461bp

Fig. 4 Specificity of multiplex PCR; lane 1, Pseudomonas aeruginosa
(709 bp); Escherichia coli (559 bp); Staphylococcus aureus (461 bp);
Salmonella spp.(275 bp); NC negative control; M marker (100 bp
ladder)
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Fig. 5 Sensitivity of multiplex PCR was indicated by varying indica-
tor pathogen DNA concentration Lanel-7, 100, 50, 25,
12.5,6.25,3.12,1.56 ng’s, respectively; Lane 8, NC negative control; M
marker (100 bp ladder)

Detection of indicator pathogens in artificially inoculated
pharma contaminants by multiplex PCR

Fifty samples were spiked with P. aeruginosa, E. coli, S.
aureus, Salmonella spp. and the extracted DNA was sub-
jected to multiplex PCR with 2.5 pmol, 1.5 mM MgCl,
concentrations and annealing temperature at 55 °C. Our
analysis revealed that multiplex PCR were able to deter-
mine less than 2 CFU/g and more than 2 CFU/g of all the
four indicator pathogens with distinct amplicon sizes (709,
559, and 461, 275 bp) in artificially contaminated pharma-
ceutical raw materials and finished products. The results are
shown in Fig. 6.

Comparison of multiplex PCR vis-a-vis conventional
culture method (bacteriological culture-USP)

In this study, we tested 70 possible contaminated raw mate-
rials and finished products by employing conventional cul-
ture and PCR methods for the presence of indicator
pathogens. Our results deduced that only 15 samples of 70
possible contaminants were positive by conventional cul-
ture, but by PCR methodology 25 samples were positive
out of 70 possible contaminants. Some of the indicator
pathogens that were detected from possible contaminants
by multiplex PCR are represented in Fig. 7. In artificially
contaminated samples, below 2 CFU/g were not detected
by conventional method of detection, where as in multiplex
PCR, the detection limits have been found to be 1 CFU/g or
ml. The current study reveals the necessity of developing
multiplex PCR, particularly for bulk pharma testing where
specificity, sensitivity, and time are given as prime impor-
tance. Comparisons of these two detection modules were
represented by statistical bar graph (Fig. 8), which reveals
the percentage of each indicator pathogen detected by mul-
tiplex PCR in possible contaminants were more sensitive
than conventional methods. Out of 70 samples, E. coli was
detected in 11%, S. aureus in 11%, P. aeruginosa in 8%
and Salmonella spp. in 4% samples (Table 2) by species-
specific multiplex PCR.

™M 1 2

700 bp <=

- . 559 bp

Fig. 6 Detection of indicator pathogens in artificially contaminated
pharma samples by multiplex PCR. Lane 1, Pseudomonas aeruginosa
(709 bp); Escherichia coli (559 bp); Staphylococcus aureus (461 bp);
Salmonella spp.(275 bp) products, when amplified with DNA mixture
of artificially contaminated (<2 CFU/g) pharma sample; lane 2, P.
aeruginosa (709 bp); E. coli (559 bp); S. aureus (461 bp); Salmonella
spp.(275 bp) products, when amplified with DNA mixture of artifi-
cially contaminated (>2 CFU/g) pharma sample; M marker (100 bp
ladder)

M 1 2 3 4 5

.—-)709 bp

700 bp &=
500 bp 4= = a 0Ly
400 bp &

461 bp
300 bp <= - -
200 bp <=

100 bp < -

Fig. 7 Possibly contaminated pharma samples were tested for the
presence of indicator pathogens. Lane 1, Escherichia coli (559 bp) in
lactose; lane 2, Salmonella spp.(275 bp) in Xanthom gum; lane 3,
Staphylococcus aureus (461 bp) in mannitol; lane 4, Pseudomonas
aeruginosa (709 bp) in maize starch; lane 5 NC negative control; M
marker (100 bp ladder)

> 275 bp

Discussion

In recent times PCR has been accepted as the method of
choice for rapid and reliable detection of microbes in food,
water, and pharma samples. This technique can be
extremely useful for pure microbial cultures, but when
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Conventional method
1% BE PCR method

Vs PCR)

N
3t

OO
R

™
SRR

SSSSSNSINNNY

No. of Positives (Conventional Vs PCR)
PV IRN

E.coli S.aureus

Fig. 8 Percentage of positive samples for pathogens (Escherichia co-
li, Salmonella spp., Staphylococcus aureus and Pseudomonas aerugin-
osa) detected from possibly contaminated raw materials and finished
products by employing conventional and multiplex PCR methods

applied directly to food, water, and pharma samples its
efficiency can be markedly reduced. The crux of this prob-
lem lies in the sample preparation method, which may inad-
vertently introduce inhibitory substances and preclude the
PCR. Appropriate methods have thus been devised to over-
come this problem and facilitate the development of PCR-
based routine methods for bacterial detection in food,
water, and pharma samples [20].

Undoubtedly, simple, rapid, and reproducible test sys-
tem would enhance the analytical capability of the Food
and Drug Administration and consequent consumer protec-
tion. To accomplish this goal, preliminary identification of
pharma contaminants, standard culture methods were used
as screening methods. In this study, uniplex PCR was

developed which was further elevated to multiplex PCR for
simultaneous detection of indicator pathogens that were
evaluated and compared with conventional microbiological
tests for their ability to accurately identify the recovered
pharmaceuticals and cosmetics containing antimicrobial
preservatives.

During this study, a major effort was directed to deter-
mine the feasibility of extending the convenience, accu-
racy, and reproducibility of multiplex PCR for
identification of contaminated pharmaceuticals and cosmet-
ics finished products. Apparently, since these industrial
indicator pathogens were able to survive in the presence of
antimicrobial and various concentrations of alcohols, where
conventional methods failed to identify these pathogens
because of lack of sensitivity in the adapted methodologies.
The current study demonstrates the sensitive methodology
to detect indicator pathogens with minimum quantity of
DNA (~1 ng). A public health laboratory must be able to
quickly and correctly identify isolates to expedite epidemi-
ological investigations and consumer protection. The multi-
plex PCR is a useful and reliable tool especially for
laboratories lacking the equipment or personnel with exper-
tise to apply conventional methods to identify indicator
pathogens from non-sterile pharmaceuticals and cosmetics.

More recently, molecular assays such as nucleic acid
hybridization techniques (DNA probes) and nucleic acid
amplification procedures (PCR) have been developed. PCR
has been shown to combine rapid results and high specific-
ity in detecting both pathogenic and spoilage microorgan-
isms [41, 44]. By recognizing conserved genomic DNA
sequences unique to a particular organism and amplifying
that region of the genome to increase sensitivity, contami-
nation by that organism can be ascertained. Previous work

Table 2 Comparison of pharmaceutical raw materials and finished products by multiplex PCR and standard conventional methods

Sample name No. of Multiplex PCR Conventional culture method

samples

tested E.coli Salmonella spp. S.aureus P.aeruginosa E.coli Salmonella spp. S.aureus P.aeruginosa
Lactose 18 2 - 1 1 2 - 1 1
Nicotinamide 10 2 - 1 1 1 - 1 -
Sodium starch glycollate 8 1 1 1 1 1 - 1 1
Xanthan gum 6 1 1 1 1 1 1 1 1
Gelatin 6 1 - 2 1 1 - — _
Maize starch 6 1 1 1 1 - - - -
Microcrystalline cellulose 4 - - - - - - — _
Rantidine HCL 3 - - - - - - _ _
Mannitol 3 - - 1 - - - 1 _
Talc purified 3 - - - - - - _ _
Ibuprofen suspension 3 - - - - - - _ _
Percentage of indicator 70 11% 4% 11% 8% 9% 1% 7% 4%

pathogens
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Table 3 Specificity of the primers with different bacterial strains

Bacterial strains

PCR results—tested with specific primers

Escherichia coli

Staphylococcus aureus

Salmonella Pseudomonas aeruginosa

Escherichia coli MTCC 1687

E. coli NCIM 2931

E. coli NCIM 2065

E. coli NCIM 2256

E. coli NCIM 2345

E. coli NCIM 2068
Staphylococcus aureus MTCC 737
S. aureus NCIM 5021 -
S. aureus NCIM 5022 —
S. aureus NCIM 2901 -
S. aureus NCIM 2127 —
S. aureus NCIM 2079 -
Salmonella abony NCIM 2257 —
S. typhimurium NCIM 2501 .
Salmonella typhimurium MTCC 98 —
Salmonella typhi MTCC 531 -
Salmonella paratyphi A MTCC 735 —
Pseudomonas aeruginosa NCIM 5029 -
P.aeruginosa NCIM 2200 —
P.aeruginosa NCIM 2074 -
P.aeruginosa MTCC 424 —
P.aeruginosa MTCC 1034 -
Pseudomonas fluorescence NCIM 2390 _
Pseudomonas putida NCIM 2650 —
Pseudomonas stutzeri NCIM 5136 -
Burkholderia cepacia MTCC 438 —
Brevundimonas diminuta MTCC 1287 —
Pseudomonas cepacia NCIM 5089 —
Enterobacter aerogenes MTCC 2822 —
Klebsiella pneumoniae MTCC 109 —
Shigella sonnei MTCC 2957 —
Citrobacter freundii MTCC 1658 —
Enterobacter cloacae MTCC 7322 —
Staphylococcus intermedius MTCC 3050 —
Stapylococcus epidermidis MTCC 435 —
Staphylococcus haemolyticus MTCC 3383 .
Staphylococcus warneri MTCC 3620 —

+ 4+ 4+ 4+ o+ o+

+ + + 4+ o+ o+

+ + + o+ o+

developed primer sequences for the detection of C. jejuni,
E. coli O157:H7, and Salmonella [22, 43].

The first PCR application to pharmaceutical quality con-
trol has recently been reported. The BAXTM system
(Dupont Qualicon, Wilmington, DE), a PCR-based assay
for detecting Salmonella spp. was evaluated for pharmaceu-
tical quality control. The technological improvement sim-
plified the PCR analysis by providing a user friendly assay
with minimum sample preparation and handling. Using this

system [13], detected Salmonella typhimurium, a USP
microbial indicator [39], in 25 samples of raw materials and
finished products after 24-h enrichment. This represented a
faster turn over time than the standard 5-6 day detection
time.

Similarly, Jimenez et al. [16] studied the detection time
of E. coli, S. aureus, P. aeruginosa, and A. niger in cos-
metic/pharma samples and reduced from 6-8 days (stan-
dard methods) and by PCR analysis to 24-27 h. In this
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study, we could able to optimize the detection time for E.
coli, Salmonella spp., S. aureus, and P. aeruginosa from 5—
7 days to less than 24 h, and simultaneous detection of all
four indicator pathogens by multiplex PCR was performed
on all artificially contaminated samples. During manufac-
turing, microorganisms are subjected to processes that
might kill or reduce microbial densities. Furthermore,
finished products contain preservatives and other antimi-
crobial components which injure microbes sub-lethally and
in some cases require a low nutrient enrichment media to
enhance microbial growth [16].

Sample pre-enrichment is the most vital step during iso-
lation of Salmonella spp. from pharma samples. To opti-
mize S. typhimurium PCR detection, particularly in
minimal bacterial load samples, a different type of pre-
enrichment broth was performed. Buffered peptone water
(BPW) was previously used to enhance the recovery of Sal-
monella spp. in food samples using conventional and PCR
methods [8].

The importance of resurgence and recovery procedures
availed in food industry has been overlooked in the isola-
tion techniques of pharmaceutical microbiological studies
[31]. When pharmaceutical raw materials and products con-
taminated with mixed bacterial cultures of E. coli, P. aeru-
ginosa, S. aureus, and S. typhimurium were pre-enriched in
lactose broth with and without Tween-20, 10 (40%) of 25
samples did not show the presence of the Salmonella spp.
The presence of non-Salmonella bacteria influenced the
performance of the PCR-based assay was reported [16]. But
when the same samples were enriched in BPW, all the sam-
ples were shown positive for Salmonella. Jimenez et al.
[16] revealed that all ten samples that were shown PCR
negative in lactose broth were found to be positive with
BPW enrichment medium. BPW enrichment medium
increased S. typhimurium bacterial growth resulting in rapid
PCR detection. In this study, we used trypticase soy broth
containing 4% Tween-20 and 0.5% soy lecithin for enrich-
ment of E. coli, S. aureu, and P.aeruginosa and BPW for S.
typhimurium.

Sample preparation prior to PCR analysis can be the
most limiting factor during development and optimization
of a given PCR assay [14]. To overcome PCR inhibition
problems and to increase the sensitivity of the assay, pre-
enrichment methods were used. After the enrichment step,
sufficient bacteria were grown and allowed the pathogens to
be detected by PCR when the original sample had <1 CFU/
ml. There was no difference in terms of sensitivity, between
the phenol-chloroform and the spin column methods of iso-
lating DNA, previously reported [30]. In current study,
DNA was extracted from contaminated sample suspensions
by using the phenol-chloroform method. With the latest
advances in microbial genomics, the availability of primer
sequences are limitless, allowing in selecting targets from

@ Springer

different loci of bacterial genome reported [16]. In this
study, we have designed primers by utilizing Gene Tool
Lite (version 1.0) Bioinformatics solution software in con-
served regions of respective bacterial genome. The primer
sequence, the target, and the PCR product sizes are summa-
rized in Table 1. Initially the uniplex PCR conditions were
standardized and revealed that the primers are very sensi-
tive to detect the specific organisms. We further developed
multiplex PCR where all four PCR primers have similar
melting temperatures (Tm 55 °C) which will simulta-
neously detect all indicator pathogens. Our current studies
were in agreement with the findings of Henegariu et al. [9]
that the relative concentrations of the primers were found to
be the most important factor in determining approximately
equal yields of amplification products from of the each
organism in a single reaction.

In previous studies [15] for the detection of E. coli, S.
aureus, P. aeruginosa, and A. niger in pharmaceutical sam-
ples, simultaneous detection of the pathogens (multiplex
PCR) were attempted using RoboCycler 96-gradient PCR
with different annealing temperatures of primer profile for
E. coli (54 °C), S. aureus (65 °C), P. aeruginosa (55 °C),
and A. niger (62 °C), respectively, was reported. In that
study they attempted in using different annealing tempera-
tures for detecting E.coli, S. aureus, P.aeruginosa, and A.
niger, and moreover gradient PCR in a single PCR run was
reported. In current study, we formulated the all four prim-
ers will anneal at single temperature (55 °C) not deviating
more than +5 °C. By simultaneously amplifying more than
one locus in the same reaction, multiplex PCR is becoming
a rapid and convenient screening assay in both the clinical
and the research laboratory [9].

Little is known about the factors and common difficulties
influencing a multiplex PCR. Other critical factors in multi-
plex PCR include the concentration of the PCR buffer, the
balance between the magnesium chloride and deoxyribonu-
cleotide triphosphate concentrations and the cycling tem-
peratures [9]. The specificity of the primers used in the
multiplex PCR assay revealed the absence of non-specific
amplification with other food contaminants such as Clos-
tridium perfringens NCIM 2677, Klebsiella pneumonia
NCIM 2957, and Shigella sonnei MTCC 2957 (Enterobac-
teria). The specificity was further validated by sequence
analysis of amplified PCR product and NCBI-BLAST.

Jimenez [15] showed simultaneous detection of E.coli,
S. aureus, P.aeruginosa, and A. niger with detection levels
<10 CFU/g or ml using RoboCycler 96-gradient PCR was
reported. But in the present study twin goals were achieved;
first the detection limits of multiplex PCR are found to be
1 CFU/g or ml, secondly multiplex PCR method improved
the sensitivity of the detection limit by utilizing minimum
quantity of DNA (1.56 ng) for all the four indicator patho-
gens.



J Ind Microbiol Biotechnol (2008) 35:1007-1018

1017

Ecactly 35% were detected from possible contaminated
samples, of these E. coli were (11%), S. aureus (11%), P.
aeruginosa (8%) and Salmonella species (4%) confirmed
by multiplex PCR, while only 21% were detected by stan-
dard conventional microbiological methods for E.coli (9%),
S.aureus (71%), P.aeruginosa (4%), Salmonella spp. (1%)
shown in Table 2.

Multiplex method is rapid and the level of sensitivity
achieved in our experiments is applicable to the practical
survey of microbial contamination in pharma samples. A
major outcome of the study is the development of a multi-
plex PCR to detect multiple pathogens using compatible
primers and the DNA extracts from the pharma samples.
The implications of the present study are promising and
choice of primers in PCR can be extended to detect indica-
tor pathogens present in pharmaceuticals, raw materials,
and cosmetic finished products. The use of molecular anal-
yses such as PCR and multiplex assays have resulted in
optimization of product manufacturing, quality control
evaluation, and product release in cosmetic and pharmaceu-
tical laboratories in few instances. When compared with
standard methods, these technologies provide rapid and
reliable microbiological monitoring of raw materials,
finished products, and water systems allowing faster correc-
tive actions and sample release. Molecular methods have
enhanced the ability of an industrial microbiology labora-
tory to rapidly assess system breakdowns and quality
processes.

To optimize pharmaceutical process control, corrective
actions must be performed in real time, not after 7 or more
days of manufacturing. Rapid methods will identify micro-
bial contamination with detection times ranging from
90 min to 30 h allowing the monitoring of critical control
points, reducing losses, and optimizing resources. A recent
technical report by the Parenteral Drug Association (PDA)
provided some information and guidelines for the evalua-
tion, validation, and implementation of rapid microbiologi-
cal methods [29]. Further developments in rapid method
technologies might lead to online monitoring of pharma-
ceutical manufacturing and environments.
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