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ABSTRACT: Absence of pathogenic bacteria is a must for passing the 

microbiological quality control inspection of non-sterile pharmaceutical products. 

The identification of microbial contaminants by conventional methods is time-

consuming and labor-intensive. The overall aim of the study was to test non-

conventional methods as polymerase chain reaction (PCR) and Matrix Assisted 

Laser Desorption Ionization Time of Flight Mass Spectroscopy Biotyper (MALDI-

TOF) for rapid identification of Pseudomonas aeruginosa and Staphylococcus 

aureus in topical pharmaceutical preparations. Four different topical preparations 

and three raw materials were artificially inoculated with tested microorganisms, at 

an initial cell count of 10º CFU/ml, and were overnight pre-enriched in Tryptic soy 

broth (TSB). MALDI-TOF was tested for identification of target microorganisms 

using different sample preparation methods. Duplex PCR targeting oprL 

(Pseudomonas aeruginosa) and mRNA nuclease gene (Staphylococcus aureus) was 

also tested. Pseudomonas aeruginosa and Staphylococcus aureus were identified 

within 18 - 37 h using MALDI-TOF, according to the sample preparation method, 

and 27 h using duplex PCR; compared to 48 - 72 h for the identification using 

conventional microbiological methods. Our results revealed that both PCR and 

MALDI-TOF were sensitive and specific to target microorganisms; MALDI-TOF 

proved to be a precise, cheap, rapid and high throughput screening method, 

compared to PCR and conventional methods. 

INTRODUCTION: Microbiological assessment 

of non-sterile products and raw materials is one of 

the control stages to ensure the quality and safety 

of finished products. Microbial contamination of 

pharmaceutical products can reduce or even 

eliminate the therapeutic effect of drugs by: 

changing the chemical, physical and organoleptic 

properties of the drugs or changing the contents of 

active ingredients.  
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Besides, it can cause drug-induced infections; 

convert drugs to toxic products, and making them 

hazardous to health 
1
. A previous study reported 

Serratia marcescens outbreak among newborns due 

to usage of contaminated baby shampoo 
2
; another 

study held in Italy, reported that Pseudomonus 

aeruginosa was the most frequently isolated micro-

organism from microbiologically contaminated 

cosmetics 
3
. Product recall as a result of microbial 

contamination can lead to an enormous financial 

loss for manufacturing companies and can 

simultaneously affect the company’s reputation 
4
. 

The microbial examination of non-sterile topical 

preparations according to the United States 

Pharmacopeia (USP) involves the determination of 
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total microbial, yeast and mold counts, and testing 

for the absence of Pseudomonas aeruginosa and 

Staphylococcus aureus 
5
. Conventional methods 

require enumeration, isolation, and identification of 

microbial contaminants in finished products 
6
. 

Alternative rapid methods for bacterial 

identification are becoming available; PCR has led 

to the development of improved, convenient, and 

reliable methods for microbial identification and 

surveillance 
7
. Several studies highlighted the 

possible role of PCR in the pharmaceutical industry 
8 - 9

. 

MALDI-TOF is an emerging technology for 

microbial identification and diagnosis. In the last 

few years MALDI-TOF had many applications in 

clinical microbiology due to the speed of 

identification, ease of use and low cost per sample 
10 - 11

; however it has few applications in 

pharmaceutical industry
 12 - 13

.  Extensive research 

for the possible application of MALDI-TOF in 

microbiological quality control in pharmaceutical 

industry is needed.  

The aim of the present study was to investigate the 

potential use of MALDI-TOF for the rapid 

identification of Pseudomonas aeruginosa and 

Staphylococcus aureus in topical pharmaceutical 

products and to compare to PCR and conventional 

methods regarding time, cost-effectiveness and 

ease of application. 

MATERIAL AND METHODS: 

Bacterial Strains: The list of bacterial strains used 

in the study included: Pseudomonas aeruginosa 

ATCC 9027, Pseudomonas aeruginosa ATCC 

27853, Staphylococcus aureus ATCC 6538, 

Staphylococcus aureus ATCC 25293, Bacillus 

cereus ATCC 10876, Bacillus subtilis ATCC 6633, 

Escherichia coli ATCC 25922 and Pseudomonas 

aeruginosa isolates M1 & M2 (lab collection of 

Department of Microbiology & Immunology, 

Faculty of Pharmacy, Cairo University). An optical 

density curve was plotted for Pseudomonas 

aeruginosa ATCC 9027 and Staphylococcus 

aureus ATCC 6538, and serial dilutions with cell 

counts ranging from (10º to 10
6
) CFU/ml were 

prepared 
14

.  

Artificial Inoculation of Finished Products and 

Raw Materials: Four pharmaceutical formulations: 

cream, ointment, gel, and emulgel; three different 

raw materials: Gum, maize starch, and magnesium 

stearate were used in the study. Serial dilutions of 

Staphylococcus aureus ATCC 6538 and 

Pseudomonas aeruginosa ATCC 9027 ranging 

from (10
0
 - 10

6
) CFU/ml were prepared in TSB in 

case of raw materials, or TSB containing 0.5% 

lecithin and 4% tween 20 in case of finished 

products. The finished products and raw materials 

were added to TSB with a dilution factor 1:10 

(USP 2011) 
5
. The artificially inoculated samples 

were overnight incubated at 35 °C. 

Duplex PCR Identification of Staphylococcus 

aureus and Pseudomonas aeruginosa in 

Artificially Contaminated Finished Products 

and Raw Materials: Genomic DNA extraction 

was performed using QIAmp DNA mini kit 

according to manufacturer’s instructions 

(QIAGEN, USA). The amount of DNA in the 

extracts was measured using Qubit® 2.0 

fluorometer (Thermo Fischer Scientific, USA). 

Primers targeting oprL for Pseudomonas 

aeruginosa (oprL-F 5’-CGC GCG TGC TGA TGC 

TCG TAT-3’; oprL-R 5’-GCG CGA GGA ACG 

TCA GGA CAC-3’) 
7
 and mRNA nuclease gene 

for Staphylococcus aureus (mRNA-F 5’ TTC GAA 

AGG ATA CGC AAA GA 3’; mRNA-R 5’ TAG 

CCA AGC CTT GAC GAA CTA AAG C3’) 
15

 

were synthesized by Macrogen, USA.  

PCR was carried out in a 50 μl reaction volume 

containing Emerald Amp GT PCR master mix 

(Takara, Japan) using primers’ concentration of 

0.2µM each and 2µl Genomic DNA in Gene AMP 

PCR System 9700 (Applied Biosystems, USA). 

PCR cycling parameters were denaturation at 95
o
 C 

for 5 min, followed by 35 cycles:  95
o
C for 30 sec., 

53.3
o 

C for 30 sec., 72
o
C for 1 min, and a final 

extension at 72
o
C for 7 min. The amplified PCR 

products were separated by electrophoresis in 1.5% 

w/v agarose using 1X TAE buffer and visualized 

by staining with ethidium bromide. Fragment size 

was determined by comparison with 100 bp DNA 

Ladder (Sigma Aldrich, USA). The gel was 

examined and photographed under UV 

illumination
16

. PCR amplification products of oprL 

in Pseudomonas aeruginosa ATCC 9027, and 

Pseudomonas aeruginosa ATCC 27853; mRNA 

nuclease gene in Staphylococcus aureus ATCC 

6538, and Staphylococcus aureus ATCC 25293 

were purified by QIAquick PCR purification kit 
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according to manufacturer’s instructions 

(QIAGEN, USA); the purified PCR products were 

sequenced by ABI 3730 xl DNA sequencer 

(Applied Biosystems, Foster City, CA). The 

detection of similarity searches for the nucleotide 

sequences was performed using BLASTN program 

(http://www.ncbi.nlm.nih.gov/blast). 

The specificity of duplex PCR was evaluated using 

common pharmaceutical bacterial contaminants: P. 

aeruginosa ATCC 9027, Pseudomonas aeruginosa 

ATCC 27853, Staphylococcus aureus ATCC 6538, 

Staphylococcus aureus ATCC 25293, Bacillus 

cereus ATCC 10876, Bacillus subtilis ATCC 6633, 

Escherichia coli ATCC 25922 and Pseudomonas 

aeruginosa isolates M1 & M2; the sensitivity of 

duplex PCR was also checked using artificially 

inoculated samples containing an initial bacterial 

count ranging from (10º - 10
6
) CFU/ml, before and 

after the pre-enrichment step in TSB. 

MALDI TOF MS Biotyper Identification of 

Pseudomonas aeruginosa and Staphylococcus 

aureus in Artificially Contaminated Finished 

Products and Raw Materials: The identification 

of microorganisms by MALDI-TOF was performed 

using Microflex LT/SH (Bruker Daltonics, 

Germany), Flex control 3.19 and MALDI Biotyper 

3.1 (MALDI-TOF 3.1) (Bruker Daltonics). Three 

methods were tested for sample preparation using 

MALDI TOF MS Biotyper: the Direct Transfer 

method, according to manufacturer’s instructions 

(Bruker Daltonics, Germany), Formic acid 

extraction method (FA) 
11

, and a third method, we 

called the direct pellet method, according to Íñigo 

and co-workers (2016) with some modifications 
17

. 

In the direct pellet method, one ml of the overnight 

artificially inoculated broth of each sample was 

centrifuged at 13,000 rpm for 5 minutes, the 

supernatant was discarded, and the pellet was 

washed twice with HPLC grade water. The 

deposited cells were directly smeared on MALDI 

target plate, overlaid with one µl of alpha-cyano-4-

hydroxycinnamic acid matrix (HCCA) solution and 

allowed to dry.  

In case of emulgel samples, filtration prior to 

centrifugation was performed to improve the 

quality of recovered pellets. All samples were done 

in duplicates. 

The MALDI-TOF analyzed samples took scores 

ranging from 0-3 according to the consistency of 

identification as proposed by the manufacturer 

(Bruker Daltonics, Germany). Score ≥ 2 indicated 

secure precise identification to genus level, an 

intermediate score value [1.7≤ score ≥ 1.99] 

indicated probable identification to genus level and 

a score of less than 1.7 was considered unreliable 

identification. Analysis of samples with a score < 2, 

was repeated with few modifications including an 

extra washing step with HPLC grade water for the 

removal of any residual sample from the deposited 

pellet, and the application of the proper amount of 

biological material to target plates.  

The ability of MALDI TOF MS Biotyper to 

identify mixed cultures of Staphylococcus aureus 

and Pseudomonas aeruginosa was validated using 

two sample preparation methods: FA method and 

direct pellet transfer method.  The specificity of 

MALDI TOF MS Biotyper was tested using 

common pharmaceutical bacterial contaminants: P. 

aeruginosa ATCC 9027, Pseudomonas aeruginosa 

ATCC 27853, Staphylococcus aureus ATCC 6538, 

Staphylococcus aureus ATCC 25293, Bacillus 

cereus ATCC 10876, Bacillus subtilis ATCC 6633, 

Escherichia coli ATCC 25922 and Pseudomonas 

aeruginosa isolates M1 & M2. 

RESULTS: 

Identification of Pharmaceutical Contaminants 

in Finished Products and Raw Materials Using 

duplex PCR: PCR products of the expected band 

size of 461 bp for Staphylococcus aureus (mRNA 

nuclease) and 709 bp for Pseudomonas aeruginosa 

(oprL) were detected. Duplex PCR successfully 

detected the co-presence of both pathogens as 

shown in Fig. 1. Prior to the pre-enrichment step, 

no bands were observed with the artificially 

inoculated samples; on the other hand, both 

microorganisms were detected at an initial cell 

count of 10
0 

CFU/ ml or g sample after the pre-

enrichment step. No interference or cross-reactivity 

was observed during testing the specificity of 

duplex PCR to identify different strains of 

Staphylococcus aureus and Pseudomonas 

aeruginosa, or other possible pharmaceutical 

contaminants. The total time required for bacterial 

identification was reduced to 27 H and vary 

depending on the number of samples. The 
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sequenced products were deposited in the GenBank 

under accession numbers: MG652364-MG652367. 

 
FIG. 1: AGAROSE GEL OF PCR AMPLIFICATION OF 

mRNA NUCLEASE FOR STAPHYLOCOCCUS AUREUS AND 

oprL FOR PSEUDOMONAS AERUGINOSA USING QIAmp 

DNA MINIKIT 
Lane 1: 100 bp DNA Ladder ranging from 100 to 1000 bp 

Lane 2-8: Artificially inoculated different pharmaceutical finished 

products and raw materials with mixed inoculums of both 

organisms: Cream, Emulgel, Ointment, Gel, Gum, Mg Stearate, 

Maize starch 

Identification of Pharmaceutical Contaminants 

in Finished Products and Raw Materials Using 

MALDI-TOF: Seven different samples including 

finished preparations and raw materials were 

artificially inoculated with the tested micro-

organisms, at cell count ranging from (10º - 10
6
) 

CFU/ml, and tested for the presence of 

microorganisms using MALDI-TOF before and 

after the pre-enrichment step. No reliable results 

were obtained by MALDI-TOF prior to the pre-

enrichment step. In this study, MALDI-TOF was 

used to identify the contaminant in 42 artificially 

inoculated, with a single bacterial contaminant, 

samples. Following the pre-enrichment step: 85.7% 

(36/42), 14.2% (6/42), 0% of samples scored >2, 

(1.7< x <1.9), and less than 1.7, respectively, as 

shown in Table 1. It was observed that the 

incidence of a score below 2 was the least with the 

FA extraction method (0.02%, 1/42), and the 

highest with the Direct Pellet Transfer (0.095%, 

4/42).  

TABLE 1: SCORE VALUES OF MALDI TOF BIOTYPER 

IDENTIFICATION OF PSEUDOMONAS AERUGINOSA 

ATCC 9027 AND STAPHYLOCOCCUS AUREUS ATCC 6538 

AS SINGLE CONTAMINANTS IN ARTIFICIALLY 

CONTAMINATED SAMPLES USING DIFFERENT SAMPLE 

PREPARATION METHODS 
Tested strains Sample preparation 

method 

Score value 

x > 2 1.7 <x <1.9 x <1.7 

Pseudomonus 

aeruginosa  

ATCC 9027 

Formic acid extraction 7/7 0/7 0/7 

Direct transfer 7/7 0/7 0/7 

Direct pellet transfer 5/7 2/7*a 0/7 

Staphylococcus 

aureus ATCC 

6538 

Formic acid extraction 6/7 1/7*b 0/7 

Direct transfer 6/7 1/7*c 0/7 

Direct pellet transfer 5/7 2/7*d 0/7 

*a: Artificially inoculated samples were Gum & Mg stearate 

*b: Artificially inoculated sample was Gel 

*c: Artificially inoculated sample was Gum 
*d: Artificially inoculated samples were Ointment & Maize starch 

The ability of MALDI-TOF to identify mixed 

cultures of Staphylococcus aureus and 

Pseudomonas aeruginosa in artificially inoculated 

samples was tested using two sample preparation 

methods: FA extraction method, and direct pellet 

method.  Both methods could detect only one of the 

two pathogens present in mixed cultures. In only 

two samples MALDI-TOF was able to detect both 

microorganisms in the same sample, though the 

score of the second microorganism was below 1.69 

and thus considered unreliable.  

The time required for the detection of 

pharmaceutical contaminants using MALDI-TOF 

including the pre-enrichment step varied according 

to the sample preparation method from 18 - 37 h. 

The only method that could detect mixed 

contaminants in the same sample was the direct 

transfer from single colonies which required an 

additional isolation step on the respective solid 

medium, thus increasing the time for detection to 

approximately 37 h. MALDI-TOF was able to 

detect different strains of Staphylococcus aureus 

and Pseudomonas aeruginosa and species of other 

possible pharmaceutical contaminants without 

interference with Staphylococcus aureus and 

Pseudomonas aeruginosa spectra. 

A comparison of the time, cost, and steps involved 

in bacterial detection in pharmaceutical samples 

using conventional culture methods, PCR, and 

MALDI-TOF is shown in Table 2. 

TABLE 2: COMPARISON BETWEEN CONVENTIONAL, PCR AND 

MALDI-TOF METHODS FOR THE DETECTION OF 

PHARMACEUTICAL MICROBIAL CONTAMINANTS IN TERMS 

OF TIME AND COST OF THE ASSAY 

Tested  

method 

Time of  

assay 

Cost/ 

sample 

Steps  

involved 

Conventional 
method 

48-72 h 0.169 
USD 

-Recovery on 
selective/ 

differential media 

-Biochemical/ 
Microscopical analysis 

PCR 27 h 1.69 

USD 

-Genomic DNA 

extraction 
- DNA amplification 

- Gel electrophoresis 
MALDI-TOF FA 

 

Direct Transfer 
 

Direct pellet 

19 h 0.206  

USD 

-FA extraction step 

-Sample plotting on 

target plate 
37 h 0.206  

USD 

-Isolated colonies 

plotting on target plate 

18 h 0.206  
USD 

-Centrifugation/ 
washing of pellet 

-Sample plotting on 

target plate 

FA: Formic acid extraction method 
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DISCUSSION: Microbial contamination of 

pharmaceutical products is listed to be among the 

top ten reasons for product recall from markets. By 

using rapid methods for detection of objectionable 

microorganisms, it would be much easier for 

companies to implement corrective actions and 

avoid huge financial losses besides maintaining 

consumers’ health. Different studies have been 

concerned with the development, validation, and 

application of rapid methods in the field of 

pharmaceutical microbiology 
7, 15, 18

.  

The main aim of this study was to detect 

Staphylococcus aureus and Pseudomonas 

aeruginosa in topical pharmaceutical products and 

raw materials using non-conventional methods 

including PCR and MALDI-TOF and to evaluate 

the time, cost-effectiveness, and ease of application 

of both approaches compared to conventional 

culture methods. 

PCR has been accepted as a method for rapid 

detection of microbial contaminants in water, food 

and pharmaceutical samples 
15, 19 - 20

. It can 

overcome many of the conventional methods 

drawbacks, most importantly the time consumption 

factor. The technique still faces few obstacles to be 

applied on regular bases in microbiological quality 

control in pharmaceutical industry. The most 

challenging obstacles are the availability and cost 

of different reagents required for various steps of 

PCR and the relative difficulty of application 

especially for beginners which might lead to 

contamination of DNA, although the automation of 

DNA extraction and PCR reaction preparation can 

overcome the second challenge at a higher cost 
21

.  

In the current study, PCR could identify the tested 

pathogens in artificially contaminated samples with 

an initial bio-burden of 10
0
 CFU/ml or g, using 

QIAmp DNA mini kit. Karanam and coworkers 

(2008) used the phenol extraction method for DNA 

extraction and this gave accepted results 
7
, although 

it was considered more tedious and inhibitory to 

PCR reactions in some cases 
15

. Usage of mild lysis 

method for DNA extraction as described earlier in 

the study by Jimmenez and coworkers (1999) gave 

satisfactory results in the case of uniplex PCR, but 

the purified DNA yield using the QIAmp DNA 

mini kit gave better results 
6
. 

In our study, the total time required for the bacterial 

identification was reduced to 26 h and vary 

depending on the number of samples, and the 

method for DNA extraction. These results are 

comparable with previous studies that stated that 

the time required for microbial contaminants’ 

detection could be reduced to 27 - 30 h 
6, 15

. With 

mixed bacterial contaminants, our duplex PCR 

successfully indicated the presence of both 

pathogens with no observed interference or cross-

reactivity. 

For the last few years MALDI-TOF technology has 

been in use for microbial identification; several 

studies reported the use of MALDI-TOF MS for 

microbial identification and strain typing in clinical 

isolates 
22

, epidemiological studies 
23

 detection of 

water and food-borne pathogens 
 24 - 25

, detection of 

antibiotic resistance, 
26

 and detection of blood and 

urinary tract pathogens 
17,  26

. To the best of our 

knowledge, this is the first study on the possible 

application of MALDI TOF MS Biotyper in 

microbiological quality control in pharmaceutical 

industry. 

In our study, two common sample preparation 

methods: the direct transfer method and FA method 

were used for MALDI-TOF detection of 

Staphylococcus aureus and Pseudomonas 

aeruginosa in artificially contaminated samples. 

The ability of FA extraction method to improve the 

results of bacterial identification was reported in 

several studies; the FA extraction method improved 

the results of bacterial identification by 2.3% for 

the non-correctly identified samples by the direct 

transfer method 
28

, and increased the percent of 

bacterial identification to species level by 30% 
29

. 

However, in the present study, no major differences 

were observed in the ability of both methods to 

identify the microbial contaminant to secure genus 

identification. Generally, application of FA 

extraction method for sample preparation from 

isolated colonies consumes more time and is 

usually used to improve the score of identification 
28

. In our study, a third sample preparation method, 

the direct pellet transfer method, was tested; the 

incidence of “Probable genus identification” results 

with this method was higher than with the other 

two tested methods, though the microbial 

contaminant was correctly identified in all trials. 
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However, the direct Pellet transfer method is 

considered the fastest, easiest and most cost-

effective one. The time required for bacterial 

identification was reduced with MALDI-TOF 

Biotyper to 18 h for the direct pellet transfer 

method, 19 h for FA extraction method and 37 h 

for direct colony transfer method.  

In case of mixed bacterial cultures, FA and direct 

pellet transfer methods detected only one of the two 

present pathogens. It is worth mentioning that the 

detection of one pathogen is sufficient to reject the 

tested sample as per USP. The only method that 

could detect mixed contaminants is the direct 

transfer from single colonies, yet this requires 

additional colony isolation on the respective solid 

medium, thus increasing the time for detection to 

approximately 37 h. By improving sample 

preparation method and the detection algorithms by 

the manufacturer, the sensitivity of identification of 

mixed cultures could be improved 
11, 28, 30

.  

In this study, MALDI-TOF MS Biotyper was able 

to identify other possible pharmaceutical 

contaminants based on the characteristic peaks of 

MALDI spectra. The unique fingerprint of different 

strains provided a unique profile for differentiation 

based on the m/z value. It should be noted that the 

database of MALDI-TOF should be continuously 

improved and updated, this will in return help to 

increase its specificity and ability for microbial 

detection. 

Our results showed that the pre-enrichment step 

was essential for the detection of microorganisms 

in both PCR and MALDI-TOF MS Biotyper. This 

may be attributed to the low level of the initial 

microbial count. The pre-enrichment step allows 

the multiplication of the number of indicator 

pathogens and thus increasing reaction sensitivity. 

The importance of enrichment for PCR was in 

accordance with previous recommendations 
31

.  

The microbial detection limit in case of MALDI 

TOF MS varies from one microorganism to another 

and differs according to the nature of tested sample; 

secure MALDI TOF MS species identification 

scores for Pseudomonas aeruginosa in urine 

samples were observed with a bacterial count of 

5×10
5
 CFU/ml 

28
, while secure species 

identification scores for Staphylococcus aureus, 

directly from milk samples, were detected with a 

minimal bacterial count ≥10
6
 CFU/ml 

32
.  

In our study, lower scores of identification were 

recorded with S. aureus rather than Pseudomonas 

aeruginosa with the different tested sample 

preparation methods, as recorded in Table 1. 

Further studies should be conducted to test the 

effect of the nature of the pharmaceutical product 

and the microbial load, on the precise identification 

by MALDI TOF MS.  

In our study, comparable results were obtained with 

MALDI-TOF and PCR; however MALDI-TOF 

showed some advantages over PCR in terms of the 

lower cost per sample, despite the high initial cost 

of the device that should be considered, the relative 

ease of implementation, the high throughput, the 

“all in one device” process and the high 

reproducibility of the process by performing the 

run-to-run Bacterial Test Standard (BTS) quality 

check before each run. 

CONCLUSION: Optimization of MALDI-TOF to 

be used on an everyday basis can serve in 

establishing a solid ground for it to be applied on 

larger pace in pharmaceutical companies and drug 

research centers. This will consequently result in 

time, cost and effort saving and cope with the 

pharmaceutical market’s high demands. In 

addition, further research should be done to 

improve its ability to detect mixed bacterial 

contaminants by improvement of the sample 

preparation method and device detection 

algorithms 

ACKNOWLEDGEMENT: The authors would 

like to thank Mahmoud Younis, Technical support 

engineer and MTB trainer at Bruker Daltonics, for 

his technical support during this study. 

CONFLICT OF INTEREST: None to declare. 

REFERENCES: 

1. Ratajczak M, Kubicka MM, Kamińska D, Sawicka P and 

Długaszewska J: Microbiological quality of non-sterile 

pharmaceutical products. Saudi Pharmaceutical Journal 

2015; 23(3): 303-307. 

2. Madani  TA, Alsaedi S, James L, Eldeek  BS, Jiman-

Fatani AA, Alawi MM, Marwan D, Cudal M, Macapagal 

M, Bahlas R and Farouq M: Serratia marcescens-

contaminated baby shampoo causing an outbreak among 

newborns at King Abdulaziz University Hospital, Jeddah, 



El Qadee et al., IJPSR, 2018; Vol. 9(9): 3656-3663.                                      E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              3662 

Saudi Arabia. Journal of Hospital Infection 2011; 78(1): 

16-19.  

3. Neza E and Centini M: Microbiologically contaminated 

and over-preserved cosmetic products according Rapex 

2008-2014. Cosmetics 2016; 3(1): 3-13.  

4. Nagaich U and Sadhna D: Drug recall: an incubus for 

pharmaceutical companies and most serious drug recall of 

history. International Journal of Pharmaceutical 

Investigation 2015; 5(1): 13. 

5. U.S. Pharmacopoeia-National Formulary [USP 38 NF 33]. 

Volume 1. Rockville, MD: United States Pharmacopeial 

Convention, Inc; 2015 [1111] Microbiological 

Examination of Non sterile Products: Acceptance Criteria 

for Pharmaceutical Preparations and Substances for 

Pharmaceutical Use; 1176. 

6. Jimenez L, Ignar R, Smalls S, Grech P, Hamilton J, Bosko 

Y and English D: Molecular detection of bacterial 

indicators in cosmetic/pharmaceuticals and raw materials. 

Journal of Industrial Microbiology and Biotechnology 

1999; 22(2): 93-95. 

7. Karanam VR, Reddy  HP, Subba Raju BV, Rao JC, 

Kavikishore PB and Vijayalakshmi M: Detection of 

indicator pathogens from pharmaceutical finished products 

and raw materials using multiplex PCR and comparison 

with conventional microbiological methods. Journal of 

Industrial Microbiology and Biotechnology 2008; 35(9): 

1007-1018. 

8. Al-Aboody MS: Review on Application of Nucleic Acid 

Amplification Techniques in Pharmaceutical Products 

Analysis. Journal of Applied Pharmaceutical Science, 

2015; 5(12): 154-158.  

9. Zeitoun H, Kassem M, Raafat D, Abou Shlieb H and 

Fanaki N: Microbiological testing of pharmaceuticals and 

cosmetics in Egypt. BMC microbiology 2015; 15(1): 275-

287. 

10. Singhal N, Kumar M and Virdi JS: MALDI-TOF MS in 

clinical parasitology: applications, constraints and 

prospects. Parasitology. 2016; 143(12): 1491-1500. 

11. Bizzini A, Durussel C, Bille J, Greub G and Prod'hom G: 

Performance of matrix-assisted laser desorption ionization-

time of flight mass spectrometry for identification of 

bacterial strains routinely isolated in a clinical 

microbiology laboratory. Journal of Clinical Microbiology 

2010; 48(5):1549-1554. 

12. Turker SD, Dunn WB and Wilkie J: MALDI-MS of drugs: 

Profiling, imaging, and steps towards quantitative analysis. 

Applied Spectroscopy Reviews. 2017; 52(1): 73-99. 

13. van Kampen  JJ, Burgers PC, de Groot R and  Luider TM: 

Qualitative and quantitative analysis of pharmaceutical 

compounds by MALDI-TOF mass spectrometry. 

Analytical Chemistry, American Chemical Society. 2006; 

78(15): 5403-5411. 

14. Sanders ER: Aseptic laboratory techniques: plating 

methods. Journal of visualized experiments 2012; 11(63): 

e3064. 

15. Ragheb SM, Yassin AS and Amin MA: The application of 

uniplex, duplex, and multiplex PCR for the absence of 

specified microorganism testing of pharmaceutical 

excipients and drug products. PDA Journal of 

Pharmaceutical Science and Technology 2012; 66(4): 307-

317. 

16. Davies LG, Dibner MD, and Battey JF: Basic Methods in 

Molecular Biology. Elsevier Science Publishing Co. 2012: 

58-62 

17. Íñigo M, Coello A, Fernández-Rivas G, Rivaya B, Hidalgo 

J, Quesada MD and Ausina V: Direct identification of 

urinary tract pathogens from urine samples, combining 

urine screening methods and matrix-assisted laser 

desorption ionization-time of flight mass spectrometry. 

Journal of Clinical Microbiology 2016; 54(4): 988-993. 

18. Sandle T: Microbiological Identification with MALDI-

TOF MS/ IVT. Journal of Validation Technology 2015; 

21(3): 1-10. 

19. Ashbolt NJ: Microbial contamination of drinking water 

and human health from community water systems. Current 

Environmental Health Report 2015; 2(1): 95-106. 

20. Ahmed OB, Asghar AH, Abd El-Rahim IH and Hegazy 

AI: Detection of Salmonella in Food Samples by Culture 

and Polymerase Chain Reaction Methods. Journal of 

Bacteriology and Parasitology 2014; 5:187 

21. Brownlow RJ, Dagnall KE and Ames CE: A comparison 

of DNA collection and retrieval from two swab types 

(cotton and nylon flocked swab) when processed using 

three QIAGEN extraction methods. Journal of Forensic 

Sciences 2012; 57(3): 713-717.  

22. Patel R: Matrix-assisted laser desorption ionization–time 

of flight mass spectrometry in clinical microbiology. 

Clinical infectious diseases 2013; 57(4): 564-572.  

23. Muñoz-Bellido JL and González Buitrago JM:  MALDI-

TOF mass spectrometry in clinical microbiology. Current 

situation and future perspectives. Enfermedades 

Infecciosas Y Microbiologica Clinica 2013; 33: 369-371. 

24. Sala-Comorera L, Vilaró C, Galofré B, Blanch AR and 

García-Aljaro C: Use of matrix-assisted laser 

desorption/ionization-time of flight (MALDI-TOF) mass 

spectrometry for bacterial monitoring in routine analysis at 

a drinking water treatment plant. International Journal of 

Hygiene and Environmental Health 2016; 219:577-584, 

25. Sparbier K, Weller U, Boogen C and Kostrzewa M:  Rapid 

detection of Salmonella sp by means of a combination of 

selective enrichment broth and MALDI-TOF MS. 

European Journal of Clinical Microbiology and Infectious 

Diseases. 2012; 31:767-73. 

26. Maxson T, Taylor-Howell CL and Minogue TD: Semi-

quantitative MALDI-TOF for antimicrobial susceptibility 

testing in Staphylococcus aureus. PLoS One. 2017; 12 (8): 

e0183899. 

27. Stevenson LG, Drake SK and Murray PR: Rapid 

identification of bacteria in positive blood culture broths 

by matrix-assisted laser desorption ionization–time of 

flight mass spectrometry. Journal of Clinical Microbiology 

2010; 48: 444–447.  

28. Ferreira L, Sánchez-Juanes F, González-Avila M, 

Cembrero-Fuciños D, Herrero-Hernández A, González-

Buitrago JM and Muñoz-Bellido JL: Direct identification 

of urinary tract pathogens from urine samples by matrix-

assisted laser desorption ionization time of flight mass 

spectrometry. Journal of Clinical Microbiology 2010; 48: 

2110-5. 

29. Schulthess B, Bloemberg GV, Zbinden R, Böttger EC and 

Hombach M: Evaluation of the Bruker MALDI Biotyper 

for identification of Gram-positive rods–development of a 

diagnostic algorithm for the clinical laboratory. Journal of 

Clinical Microbiology 2014; 52(4):1089-97. 

30. Mahé P, Arsac M, Chatellier S, Monnin V, Perrot N, 

Mailler S, Girard V, Ramjeet M, Surre J, Lacroix B, van 

Belkum A and Veyrieras JB: Automatic identification of 

mixed bacterial species fingerprints in a MALDI-TOF 

mass-spectrum. Bioinformatics 2014; 30(9):1280-1286.   

31. Casey W, Muth H, Kirby J and Allen P: Use of 

nonselective pre-enrichment media for the recovery of 

enteric bacteria from pharmaceutical products. 

Pharmaceutical Technology 1998; 22(10): 114-118. 



El Qadee et al., IJPSR, 2018; Vol. 9(9): 3656-3663.                                      E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              3663 

32. Barreiro JR, Gonçalves JL, Braga PAC, Dibbern AG, 

Eberlin MN and dos Santos MV: Non-culture-based 

identification of mastitis-causing bacteria by MALDI-TOF 

mass spectrometry. Journal of Dairy Science 2017; 100(4): 

2928-2934. 

 

 

 

 

 

 

 

 

 

 

 
All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 

Playstore) 

How to cite this article: 

El Qadee S, Helmy Q, Almorsy T and Ramadan M: MALDI-TOF MS biotyper and polymerase chain reaction for rapid identification of 

Staphylococcus aureus and Pseudomonas aeruginosa in non-sterile pharmaceutical preparations. Int J Pharm Sci Res 2018; 9(9): 3656-63. 

doi: 10.13040/IJPSR.0975-8232.9(9).3656-63. 

 


