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INTRODUCTION 

Staphylococcus aureus is gram-positive bacteria 

responsible for a wide range of community and hospital-

acquired infections. Conventional treatment for 

staphylococcal infections using antibiotics such as 

penicillin and its derivatives has been successful in the 

past. However, the increase in the incidence of 

antimicrobial resistance in the present times could lead to 

failure of the drug regimen and therefore is a cause of 

grave concern.1 Presently, S. aureus has developed 

resistance to a group of antibiotics such as methicillin, 

isoxazolyl penicillin-like oxacillin, cloxacillin, and 

dicloxacillin. The strains of S. aureus that are resistant to 

this group of antibiotics are referred to as Methicillin-

Resistant Staphylococcus aureus (MRSA).2 

The prevalence of MRSA has risen worldwide during the 

last two decades. While 33% of the population is colonized 

with staphylococcus, approximately 1% is colonized with 

MRSA.3 Most frequent healthcare-acquired MRSA 

infections include surgical wound infections, urinary tract 

infections, and, bloodstream and catheter-related 

infections. Community-acquired infections include skin 

soft tissue infections and necrotizing pneumonia.4,5 

Methicillin resistance requires the presence of 

ABSTRACT 

 

Background: This study was undertaken to compare the phenotypic methods of latex agglutination test and e-test with 

polymerase chain reaction for the detection of methicillin-resistant Staphylococcus aureus.  

Methods: Two hundred pus samples obtained from different clinical disciplines were subjected to the latex 

agglutination test and minimum inhibitory concentration by e-test (Oxacillin and Vancomycin) as per the standard 

guidelines. The comparison was made with polymerase chain reaction as the reference test. The diagnostic accuracy of 

each method was reported in terms of sensitivity, specificity, positive predictive value, and negative predictive value.   

Results: The sensitivity of latex agglutination test was found to be 100% whereas e-test for Oxacillin was found to be 

96.67% sensitive. Higher specificity for e-test was reported (99.41%) when compared to the latex agglutination test 

(97.65%). 

Conclusions: Latex agglutination and e-tests are tests are relatively simpler, rapid, and easy-to-perform methods when 

compared to polymerase chain reaction. The present study reported high sensitivity and specificity values for both the 

tests, and therefore supports usage of the stated methods as screening tools for methicillin-resistant S. aureus. However, 

more multi-centric studies are recommended to precisely determine the diagnostic accuracy of these phenotypic 

methods.  

 

Keywords: E-test, Latex agglutination, Methicillin-resistant Staphylococcus aureus, MRSA, Oxacillin, Staphylococcus 

aureus, Vancomycin 

1Department of Microbiology, Faculty of Dentistry, Jamia Millia Islamia, New Delhi, India 
2Department of Microbiology, Lady Hardinge Medical College, New Delhi, India 
3Faculty of Dentistry, Jamia Millia Islamia, New Delhi, India 

 

Received: 14 October 2023 

Revised: 15 November 2023 

Accepted: 16 November 2023 

 

*Correspondence: 

Dr. Priyanshu K. Shrivastava, 

E-mail: priyanshushri25@gmail.com 

 

Copyright: © the author(s), publisher and licensee Medip Academy. This is an open-access article distributed under 

the terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial 

use, distribution, and reproduction in any medium, provided the original work is properly cited. 

DOI: https://dx.doi.org/10.18203/issn.2454-2156.IntJSciRep20233559 



Gupta N et al. Int J Sci Rep. 2023 Dec;9(12):398-405 

                                                              International Journal of Scientific Reports | December 2023 | Vol 9 | Issue 12    Page 399 

chromosomally localized mecA and is acquired by 

horizontal transfer of a mobile genetic island designated 

staphylococcal cassette chromosome mec (SCCmec).6 

Penicillin-binding protein 2a (PBP2a or PBP 2’) is 

encoded by gene mecA, an enzyme that helps crosslink the 

peptidoglycans in the bacterial cell wall. The low affinity 

of PBP 2a for β-lactams results in resistance to isoxazolyl 

penicillin such as oxacillin, cloxacillin, flucloxacillin, 

dicloxacillin, cephalosporins, and carbapenems.7 The 

possibility of the emergence and spread of MRSA in 

healthcare facilities is a major concern in the present 

scenario. Therefore, the detection of MRSA is of 

paramount importance to prevent the spread of MRSA in 

healthcare facilities. For this reason, the development of 

sensitive, reliable, and cost-effective rapid tests for the 

detection of MRSA is crucial. The development of 

phenotypic methods such as the cefoxitin disk diffusion 

test, oxacillin resistance screening agar base, CHROM 

agar MRSA, latex agglutination, and e-test has been 

revolutionary in addressing the concerns of rapid and 

accurate detection of MRSA. There have been multiple 

studies reporting a satisfactory diagnostic accuracy of 

these phenotypic methods, thus making them a reliable 

tool for screening MRSA in a large population.8 

Polymerase chain reaction (PCR) is the gold standard for 

the detection of MRSA which involves the identification 

of the mecA gene in isolated strains.9 However, the 

challenges associated with PCR such as the requirement of 

specialized equipment, higher cost, and limited sensitivity 

in cases of low MRSA levels make it difficult to use as a 

screening tool on a larger sample. Latex agglutination test 

is an easy-to-perform phenotypic test that has been found 

to approach the same reliability as seen with PCR.10 It 

qualitatively tests for PBP2’, a mecA gene product in the 

MRSA cell membrane. Additionally, E-test has also been 

reported as a reliable alternative to conventional agar or 

broth dilution methods for the detection of MRSA.11 

However, more evidence is required for the translation of 

these useful phenotypic methods into routine clinical 

practice. Therefore, this study aims to evaluate the 

diagnostic accuracy of the latex agglutination method and 

E-test method of detection of MRSA and compare it with 

the gold standard PCR. 

METHODS 

This in-vitro study was conducted in the department of 

microbiology of a central government medical institute 

and its associated hospitals. Pus samples received from 

various clinical disciplines for microbiological evaluation 

were subjected to the study. 200 strains of S. aureus were 

isolated. Patients’ consent was not sought since the isolates 

were obtained as a part of routine patient care. As the first 

part of this study, phenotypic methods such as the oxacillin 

disk diffusion test, cefoxitin disk diffusion test, CHROM 

agar MRSA, and oxacillin resistance screening agar base 

test were evaluated for their diagnostic accuracy with PCR 

as the reference standard.12 This study explores the 

accuracy of latex agglutination test and e-test in detecting 

MRSA strains. 

Identification of isolates 

Preliminary gram staining and inoculation of pus samples 

on blood agar and MacConkey agar were conducted to 

obtain a primary insight into the likely organism present. 

Colonies of S. aureus were identified by the following 

methods and tests. Gram stain: gram-positive cocci 

arranged in grape-like clusters, culture on blood agar: 

smooth glistening, opaque, and beta-hemolytic colonies, 

MacConkey agar: pinkish-orange colonies, catalase test: 

catalase positive, and coagulase test (slide and tube 

coagulase tests). 

MRSA screen-slide latex agglutination test (Denka 

Seiken, Co., LTD. Japan) 

PBP2' extraction 

Four drops of extraction reagent 1 were added into a 

micro-centrifuge tube. 4-5 large colonies with a diameter 

of 2.5 mm, isolated from fresh, 18–24-hour cultures grown 

on blood agar plates at 35°C were suspended in the tube. 

The tube was capped and placed into a boiling water bath 

at 95-100°C and heated for 3 minutes. 1 drop of extraction 

reagent 2 was added into the tube, mixed well, and 

centrifuged at 3000 ppm with a 15 cm rotor radius. The 

supernatant was used as the test specimen. 

Latex agglutination 

For each specimen, two circles were allotted and labeled 

on the test card, one as a test and the other as a control. 50 

ul of the specimen was placed onto each of the test and the 

control circles. To the test circle, 1 drop of sensitized latex 

was added and to the control circle, 1 drop of control latex 

was added. With separate mixing sticks, each reagent was 

thoroughly mixed with the specimen over the area of the 

circle. The test card was rotated by the mechanical rotator 

for 3 minutes. It was placed on the bench and the 

agglutination pattern was read by eye (Figure 1). The latex 

agglutination test classified the strains as MRSA or 

methicillin-resistant S. aureus (MSSA) based on the 

presence of PBP 2’ (Table 1). 

 

Figure 1: MRSA-screen latex agglutination test. 

Strain number 77 and 79 with strong agglutination 

(3+) are MRSA. 
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Table 1: Interpretation of the latex agglutination procedure. 

Type of agglutination Test latex 
Control 

latex 
Interpretation  Report 

Strong agglutination (3+) Positive  Negative PBP2’ positive MRSA 

Agglutination against a slightly turbid background (2+)  Positive  Negative PBP2’ positive MRSA 

Slight agglutination against turbid background (1+) Positive  Negative PBP2’ positive MRSA 

No agglutination  Negative Negative Negative MSSA 

Minimum inhibitory concentration by E-test 

E-test (Epsilometer test) 

The minimum inhibitory concentration (MIC) values of 

oxacillin and vancomycin were determined by the e-test 

(AB-BIODISK, Solna, Sweden). The E-test comprises a 

thin impervious test carrier (5×50 mm plastic strip) with a 

continuous exponential gradient of antibiotics 

immobilized on one side and a reading cum interpretive 

scale on the other. The test was performed as per the 

instructions of the manufacturer. Mueller Hinton agar (Hi-

Media) supplemented with 2% NaCl (for MIC of oxacillin 

but not for vancomycin) was employed. A suspension of 

the organism in 0.85% NaCI adjusted to equal the turbidity 

of a 0.5 McFarland opacity standard was used to swab the 

surface of the plates. The inoculated plates were allowed 

to dry before the E-test strips were applied. E-test strips 

containing the following antibiotics were used: Oxacillin 

(range: 0.016-256 ug/ml), and Vancomycin (range: 0.016-

256 ug/ml) (Figure 2). 

The plates were incubated at 35°C in ambient air for 24 

hours and the MIC values were read as the intersection of 

the inhibition eclipse with the MIC scale in the test strip. 

Interpretation of the results was done following the 

National Committee for Clinical Laboratory Standards 

[NCCLS] breakpoints. S. aureus ATCC 29213 reference 

strain was included as a control. 

Polymerase chain reaction 

The procedure for PCR was the same as that performed in 

the previous study.11 

 

Figure 2: E-test for oxacillin and vancomycin. MIC 

value for this strain is ≥256 ug/ml for oxacillin and 2 

ug/ml for vancomycin. 

RESULTS 

A total of two hundred confirmed clinical isolates of S. 

aureus were obtained from the pus samples. The mecA 

PCR assay allowed us to classify 30 isolates as S. aureus 

mecA-positive i.e., MRSA (15%), and 170 as S. aureus 

mecA-negative i.e. MSSA (85%). The distribution of 

MRSA according to various clinical disciplines has been 

presented in detail in the previous part of this study. All 

free coagulase-producing S. aureus strains were subjected 

to the MRSA-screen latex agglutination test and e-test for 

the detection of methicillin resistance. The number and 

percentage of methicillin-resistant and methicillin-

sensitive strains isolated by this method in comparison 

with PCR are given in the table (Table 2). 

The distribution of S. aureus isolates according to the MIC 

of oxacillin and Vancomycin by E-test is given in the table 

(Table 3). Ninety-three (46.5%) strains with a MIC value 

of 0.5 ug/ml, 31 (15.5%) strains with a MIC value of 1 

ug/ml and 46 (23%) strains with a MIC value of 2 ug/ml 

were classified as MSSA. Five strains (2.5%) with a MIC 

value of 4 ug/ml, 4 (2%) strains with a MIC value of 8 

ug/mI, 4 (2%) with a MIC value of 16g/ml, 6 (3%) with 

MIC value of 32 ug/ml, 7 (3.5%) with MIC value of 

64ug/ml and 4 (2%) with MIC value of 256 ug/ml were 

classified as MRSA. Out of five strains with a MIC value 

of 4 ug/ml, one was false positive. For MRSA strains, 

MIC50 was 324g/ml and MIC90 was 256 ug/ml.  

E-test for vancomycin was put up for all the strains of S. 

aureus. 105 (52.5%) strains had a MIC value of 0.5 ug/ml, 

77(38.5%) had a MIC of 1 ug/ml, 16 (8.0%) had a MIC 

value of 2 ug/ml and only 2 (1.0%) had MIC of 4 ug/ml. 

Therefore, all the strains were sensitive to vancomycin. No 

vancomycin-intermediate strains with MIC values ranging 

between 8-16 ug/ml and vancomycin-resistant strains with 

MIC values more than or equal to 32 ug/ml were found. 

The comparison of latex agglutination and e-tests with 

PCR as the reference standard produced latex 

agglutination as the more sensitive method (100%). 

However, e-test was found to be more specific (99.41%). 

A detailed description of the accuracy of these tests 

regarding their sensitivity, specificity, positive predictive 

value (PPV), and negative predictive value (NPV) has 

been presented in the table (Table 4). The figure depicts 

the comparison of the latex agglutination test and the E-

test (Figure 3). 



Gupta N et al. Int J Sci Rep. 2023 Dec;9(12):398-405 

                                                              International Journal of Scientific Reports | December 2023 | Vol 9 | Issue 12    Page 401 

Table 2: Classification of S. aureus strains by different methods.  

Method of detection Total sample screened 
MRSA MSSA 

Number Percentage Number Percentage 

Latex Agg. 200 34 17.0 166 83.0 

E-test-Ox 200 30 15.0 170 85.0 

PCR 200 30 15.0 170 85.0 

Latex agg.=MRSA-screen latex agglutination test, e-test-ox=e-test for oxacillin, PCR=polymerase chain reaction 

Table 3: Mic of oxacillin and vancomycin for S. aureus isolates by e-test. 

MIC value (ug/ml) 
Oxacillin Vancomycin 

Number of isolates Percentage Number of isolates Percentage 

0.5 93 46.5 105 52.5 

1.0 31 15.5 77 38.5 

2.0 46 23 16 8.0 

4.0 5 2.5 2 1.0 

8.0 4 2.0 0 0.0 

16.0 4 2.0 0 0.0 

32.0 6 3.0 0 0.0 

64.0 7 3.5 - - 

128.0 0 0.0 - - 

256.0 4 2.0 - - 

Table 4: Accuracy of latex agglutination and e-test in the detection of MRSA. 

Method of detection 

of MRSA 

True 

+ve 

True 

-ve 

False 

+ve 

False 

-ve 
Total  

Sensitivity  

(%) 

Specificity  

(%) 

PPV 

(%) 

NPV 

(%) 

Latex agglutination  30 166 4 0 200 100 97.65 88.24 100 

E-test for oxacillin 29 169 1 1 200 96.67 99.41 96.67 99.41 

+Ve: positive, -ve: negative 

 

Figure 3: Comparison of sensitivity, specificity, PPV, and NPV for latex agglutination test and e-test.

DISCUSSION 

S. aureus is a highly infectious bacterium capable of 

causing an array of life-threatening infections, and its 

property to survive adverse conditions makes it even more 

life-threatening.13 Antimicrobial chemotherapy for this 

species keeps evolving since MRSA has now overcome 

most of the therapeutic agents developed.14 Common 

antibiotics used against MRSA include vancomycin, 

daptomycin, ceftaroline and linezolid. However, the 

frequent use of the first-line drug vancomycin has now 

produced several resistant strains namely vancomycin 
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intermediate-resistant S. aureus (VISA) and vancomycin-

resistant S. aureus (VRSA).15 Therefore, the recent rise in 

the number and level of heterogeneity of resistant strains 

necessitates the requirement of screening tools to detect 

these strains and prevent their further spread in the 

community.  

PCR, a rapid molecular-based assay has been utilized in 

detecting MRSA for a long time. It detects the presence of 

a specific mecA gene or its product PBP2', and is 

considered the gold standard for MRSA confirmation.16 

PCR reduces the time required for various culture methods 

by up to 5 days to identify an outbreak enabling improved 

prevention and control.17 However, one of the 

disadvantages of this technique is the complexity of the 

typing system since the SCC mec region is variable and 

newer types are permanently being defined.18 

Additionally, the requirement of standard reference 

laboratories and the expensive nature of this confirmatory 

test makes it even more difficult to be performed in 

developing centers. Therefore, this study aims to explore 

the latex agglutination test and E-test which are cost-

effective and simple methods for the detection of MRSA. 

Latex agglutination screen test is a novel, valuable tool in 

the ongoing battle against MRSA. It is a qualitative slide 

latex agglutination test that detects PBP2', a mecA gene 

product present in the cell membrane of MRSA. It consists 

of a latex reagent sensitized with a monoclonal antibody 

against PBP2' together with reagents in rapidly extracting 

PBP2' from the bacterial membranes of MRSA.19 The 

classic criterion for the identification of S. aureus is that 

the organism can clump in plasma via the activity of 

extracellular free coagulase. Free coagulase is thought to 

interact with prothrombin in plasma to produce 

staphylothrombin, which converts prothrombin into an 

active form that releases fibrinopeptide’s from fibrinogen, 

forming fibrin clots.20,21 

The sensitivity and specificity for the MRSA-Screen latex 

agglutination test usually range from 24% to 100% and 

93% to 100% respectively.22 In the present study, the 

sensitivity and specificity were 100% and 97.65% 

respectively. The latex agglutination test labeled 34/200 

(17%) as MRSA whereas 30/200 (15%) were positive by 

PCR. Hence, it was able to correctly identify (true 

positives) all mecA positive strains but gave 4 false-

positive results. The positive predictive value and negative 

predictive value were 88.24%, and 100% respectively. 

Velasco et al in a study found the MRSA-Screen latex 

agglutination test was 100% sensitive and 96% specific 

when compared to PCR.23 In another study, the overall 

sensitivity and specificity of the latex agglutination test 

were found to be 100% and 91.7% respectively.24 Further, 

overall sensitivity ranged from 99.2% to 100% and 

specificity ranged from 98.8% to 100% in a study.25 

Variation in the sensitivity of MRSA screen latex 

agglutination has been found with change in the reading 

time. The sensitivity of 76%, when read at 3 minutes 

improved to 100% when the reaction was read at 15 min. 

The probable cause for this, is the increase in the 

agglutination time. Further, it has also been found that if 

the strains are induced by incubation in the presence of a 5 

ug methicillin disk before testing, to increase the level of 

PBP2a expression, or a large inoculum is used, the 

sensitivity of detection is increased without sacrificing 

specificity. However, one recent study reported increased 

sensitivity on increasing agglutination time but specificity 

decreased when the agglutination time exceeded ≥15 

min.26 It is recommended that any strain showing 

agglutination after 10 minutes should be tested for the 

mecA gene using PCR. Although further refinements may 

be necessary for the MRSA-Screen test, it appears to be 

potentially useful. 

MRSA latex agglutination is easy to perform, highly 

reliable produces rapid results with a processing time of 

around 15 to 20 minutes, and is amenable to the processing 

of a large number of samples. It has been said to approach 

the accuracy of PCR for mecA concerning sensitivity and 

specificity.27 It can be easily incorporated into the clinical 

diagnostic laboratory since it requires minimal equipment 

and training. The test has a major advantage over other 

phenotypic methods of not being influenced by the various 

levels of expression of resistance, a parameter which 

highly heterogeneously resistant isolates tend to render 

classical and automated methods less accurate. It can 

accurately differentiate borderline phenotypic resistance in 

methicillin isolates from MRSA isolates.16 When applied 

to overnight primary culture agar media, the MRSA-

Screen test shortens the delay for the detection of MRSA 

to one day, versus two-three days for the conventional 

methods; a potentially significant improvement for both 

directed antibiotic therapy and epidemiological 

measures.28 However, there are certain limitations to this 

phenotypic method. The probability of false-negative 

results although rare could result if the strain produces low 

amounts of PBP2'. Moreover, this test cannot be used to 

detect mecA in coagulase-negative staphylococci or on a 

direct specimen such as a blood culture. 

E-test for oxacillin, labeled 170/200 (85%) S. aureus 

strains as MSSA (MIC<4 ug/ml). Although the number of 

MRSA isolates was the same as that of PCR, in 5 

borderline cases with a MIC value of 4 ug/ml, 1 strain was 

negative by PCR. Hence it gave 1 false-positive and 1 

false-negative result. The sensitivity, specificity, positive 

predictive value, and negative predictive value of MIC by 

E-test were 96.67%, 99.41%, 96.67%, and 99.41% 

respectively. In a study comparing latex agglutination, 

oxacillin resistance screening agar base, and E-test for the 

detection of MRSA with PCR as the reference standard, E-

test was found to be a reliable method for the detection of 

methicillin resistance with a maximum sensitivity of 

95.9%.20 A similar study by Felten et al found that very-

low-level MRSA, or class1 MRSA, is often misdiagnosed 

as MSSA.29 They compared the distributions of MICs of 

oxacillin and cefoxitin by the E-test (AB Biodisk), and 

those of moxalactam by dilutions in agar for MRSA and 
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MSSA isolates. E-test for oxacillin was found to be 91.6% 

sensitive and 100% specific. 

Velasco et al found the E test for oxacillin to be 94.1% 

sensitive and 100% specific when compared with PCR 

after 24 hours of incubation.23 The sensitivity was found to 

increase to 98% after 48 hours of incubation. They found 

that methods based on E-test, as well as microdilution with 

oxacillin, were often not reliable at detecting some strains 

that harbor the mecA gene. 3 out of 51 clinical strains that 

were positive for the mecA gene yielded false-negative 

results with an E-test for oxacillin and microdilution. This 

is explained by the absence or reduced expression of the 

mecA-encoded protein, PBP2’. In the present study, 

although the sensitivity of latex agglutination (100%) was 

more than E-test (96.67%), the test was found to be more 

specific (99.41%) than latex agglutination (97.65%). 

Further, E-test is better than any other agar-based method 

tested in our previous study.12 It was able to detect 4 

borderline cases (MIC value of 4-6 ug/ml) which were 

missed by oxacillin resistance screening agar base. Being 

agar-based, E-test has been shown to correlate best with 

the reference agar dilution as it is affected by test 

conditions in a similar way. E-test for vancomycin put up 

for the strains of S. aureus in the study revealed MIC value 

≤4 ug/ml for all. These were labeled as vancomycin-

sensitive S. aureus. No vancomycin-intermediate sensitive 

strains [MIC 8-16 ug/ml] and vancomycin-resistant strains 

[MIC value ≥32 ug/ml] were found. A similar finding was 

reported by Finan et al.30 The advantages of the E-test over 

other MIC methods are its ease of setup, easier 

interpretation, and ability to study a wider range of MIC 

values at a time which is not possible in agar and broth 

dilution methods. 

Limitations 

The disadvantage of test is its cost. Studies by Sasirekha et 

al and Karami et al considered the E-test as the most 

reliable way to detect MRSA.31,32 E-test is very 

straightforward to carry out as a disc diffusion test and is 

almost as precise as PCR for mecA. However, despite its 

high sensitivity and specificity, it is an expensive test to 

perform. Additionally, different studies have reported that 

the Oxacillin MIC strip can be sensitive to temperature 

change which can affect the results and lead to unreliable 

readings. Furthermore, the strip for E-test has a limited shelf 

life and its potency diminishes on storing incorrectly or for 

too long.33  

The present study involved isolates from a single 

healthcare center. Increasing prevalence of MRSA 

worldwide and a rise in multi-drug resistant strains of S. 

aureus, necessitates a multicentric study with large sample 

size for establishing an early and accurate detection 

method, thus ensuring its efficient management while 

preventing the development of more resistant strains. 

 

CONCLUSION 

MRSA-screen latex agglutination test is a simple, rapid, 

easy-to-perform, and highly reliable phenotypic method to 

detect MRSA with a reported sensitivity of 100% as per 

the present study. This test can be used in routine 

laboratories where PCR is not available as it detects 

PBP2’, the direct product of the mecA gene. E-test using 

Oxacillin and Vancomycin offer other alternatives for 

detecting MRSA strains with even higher specificity than 

Latex agglutination. Although expensive, the simplicity of 

the procedure approaching that of disk diffusion methods, 

and easy interpretation make it a promising screening tool 

for MRSA. With the increasing prevalence of MRSA 

worldwide, a multi-centric study involving a wider range 

of staphylococcal species is recommended to precisely 

determine the accuracy of these phenotypic methods thus 

ensuring early detection and efficient management while 

preventing the development of more resistant strains.  
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