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Comparison of Staphylococcal Beta-lactamase Detection 
Methods 
Summary

Comparison of Staphylococcal Beta-lactamase
Detection Methods

Beta-lactams such as penicillin are the most widely used antibiotics, 
and beta-lactamases are the greatest source of resistance to 
penicillins. An understanding of beta-lactamase detection is 
therefore valuable. Colorimetric, acidometric and iodometric tests 
that detect the beta-lactamase enzyme are efficient, cheap and fast 
methods. The effectiveness of modifications of these methods (3 
acidometric, 3 iodometric, chromogenic) on 323 staphylococcal 
isolates was examined. Eighty-three of these isolates were coagulase-
positive and 240 were coagulase-negative. Oxacillin and penicillin 
susceptibilities of the isolates were also determined by Kirby-
Bauer disk diffusion test. In order to test beta-lactamase production, 
chromogenic cephalosporin nitrocefin disk test was used as 
reference method (85.5% and 83.3% of coagulase-positive and 
coagulase-negative isolates were beta-lactamase positive, 
respectively). Iodometric tests are easy to perform, cheap and fast 
methods. Iodometric slide test results were especially similar to 
nitrocefin disk test, and thus can be used in detecting staphylococcal 
beta-lactamase when chromogenic methods are not available. 
Acidometric methods were also effective for detection of coagulase-
positive staphylococcal beta-lactamase. 
Key Words: Beta-lactamase detection, staphylococci, chromogenic, 
acidometric, iodometric.  
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INTRODUCTION

The introduction of penicillin has saved many lives. 

Infections that cause mortality and morbidity were 

treated easily with penicillin, but after the extensive 

usage of beta-lactam antibiotics, bacteria have devel-

oped resistance via different mechanisms. Beta-

lactamase enzyme production is the first developed 

and the greatest source of resistance to beta-lactams1. 

Beta-lactamase is produced by the staphylococci that 

have bla genes2. Staphylococcal beta-lactamase is not 

chromosomal and is carried on plasmids and can be 

non-inducible or inducible with antibiotic contact3. 

This enzyme inactivates the beta-lactam antibiotics 

(penicillin) by cleavage of the beta-lactam ring4.

The beta-lactam ring of penicillin is similar to bacterial 

D-alanyl- D-alanine, which has a key role in pepti-
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doglycan synthesis. Penicillin binding proteins (PBP) 

bind penicillin rather than D-alanyl-D-alanine. Spe-

cifically, the cross-linking of peptides on the mucosac-

charide chains is prevented and this inhibits the 

syntheses of the cell wall. Ingredients of the cells leave 

the bacteria or cell walls allow water to flow into the 

cell causing it to burst. After cleavage of the beta-

lactam ring by the enzyme, PBP binds D-alanyl-D-

alanine and the synthesis of the cell wall continues5.

According to Bush classification scheme, staphylococ-

cal beta-lactamase is classified as group 2a because 

it hydrolyzes penicillin faster than cephalosporin. 

Beta-lactamase acts like serine-peptidase. The enzyme 

forms an ester bridge with the carbonyl group of the 

beta-lactam antibiotic. It breaks the beta-lactam ring 

and penicilloic acid forms. An acyl-enzyme complex 

forms. By deacylation, the enzyme turns into its initial 

structure and binds other beta-lactam antibiotics6.

Several methods have been developed to detect the 

beta-lactamase production of bacteria. Some of them 

are based on the pH change by the formation of 

penicilloic acid (acidometric methods). Iodometric 

methods are based on iodine reacting with penicilloic 

acid rather than penicillin and the color of the starch-

iodine complex disappears7. These methods are easy 

to perform and very cost effective8,9. The chromogenic 

cephalosporin method is the reference method in 

which chromogenic cephalosporins such as nitrocefin, 

CENTA, PADAC and S1 are used. By cleavage of the 

beta-lactam ring, the color of the molecule changes 

and indicates the beta-lactamase enzyme10-13.

In this study, we compared the susceptibilities of three 

acidometric (tube, strip and disk), three iodometric 

(tube, strip, and slide) and one chromogenic cepha-

losporin (nitrocefin) methods to staphylococcal beta-

lactamase. This is the first publication that compares 

seven beta-lactamase detection methods for staphy-

lococci. The susceptibilities of bacteria to penicillin 

and oxacillin were also examined.

MATERIALS AND METHODS

Bacterial strains: 240 coagulase-negative and 83 coag-

ulase-positive staphylococci were isolated from the 

specimens sent to the Medical Faculty of Gazi Uni-

versity Hospital, Clinical Microbiology Laboratory. 

After coagulase-test, susceptibility to penicillin, ox-

acillin and vancomycin was determined by the disk 

susceptibility test using the CLSI (Clinical and Labo-

ratory Standards Institute) method (14). All of the 

isolates were stored in glycerine-containing broth at 

-20°C until the day of analysis. As negative control, 

S. aureus ATCC 25923 was used. Isolates were cultured 

twice on Mueller-Hinton agar (MHA) and the meth-

ods were carried out with these isolates.

In iodometric tube method, benzyl penicillin was 

dissolved in phosphate buffer, which was adjusted 

to pH 6. 0.1 ml of the solution was taken to microti-

tration plate. The solution was made cloudy with 3-

4 colonies of bacteria. After 30-60 min, 20 _l of sterile 

1% starch solution and iodine solution were added. 

If the color of iodine disappeared in 5 min, the isolate 

was considered beta-lactamase positive15. 

In iodometric strip method, penicillin was dissolved 

in 0.2% starch solution. The mixture was soaked in 

Whatman No I filter paper. When the filter papers 

were saturated, they were dried and cut into strips. 

These strips were stored at -20°C until use. On test 

day, strips were put in desiccator and brought to room 

temperature. Strips were moisturized with iodine 

and 2-3 colonies of bacteria were smeared. If the color 

of the strip changed in 5 min, the bacteria were beta-

lactamase positive16.

In order to perform iodometric slide method, one 

million units penicillin was dissolved in 1 ml sterile 

distilled water. The solution was divided into portions 

of 0.15 ml and stored at -20°C until use. On test day, 

iodine solution was added to penicillin solution and 

mixed. The mixture was dropped on the slide and 

bacteria were transferred to the solution. Solution 

and bacteria were mixed by loop and 4% sterile starch 

solution was dropped. If the purple color of the 

solution disappeared, bacteria were considered to be 

beta-lactamase positive17. 

In acidometric tube method, phenol red solution was
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prepared. Penicillin was dissolved in this solution 

and pH was adjusted to 8.5 with NaOH. 0.1 ml of 

this solution was taken to microtitration plate and 

bacteria were transferred to this solution by loop. If 

the violet color disappeared, bacteria were beta-

lactamase positive9.

When performing acidometric strip method, penicillin 

and bromocresol purple were dissolved in NaOH 

solution. Whatman No I filter papers were put in this 

solution until saturated. Saturated strips were left to 

dry in air before the test strips were moisturized with 

sterile distilled water. The bacteria taken with loop 

were smeared on the strip and if the purple color 

changed in 5 min, bacteria were accepted to be beta-

lactamase positive15.

In acidometric disk method, penicillin was dissolved 

in NaOH solution adjusted to pH 9. An equal volume 

of ethanol was added to the solution and dropped 

on to the disk. When the solution was adsorbed and 

dried, phenol red solution was dropped and waited 

for adsorption. Disks were left to dry in air. On test 

day 3 Mc Farland turbid bacterial suspension was 

prepared and a disk was put in this solution. If the 

color of the disk turned yellow, bacteria were beta-

lactamase positive18. 

Chromogenic cephalosporin test was performed by 

nitrocefin disk. Disks were moisturized with sterile 

distilled water. A loopful of bacteria was smeared on 

the disk. If red color appeared on the disk in 1 h, 

bacteria were considered as beta-lactamase positive19.

RESULTS

Two hundred and forty (74.3%) of 323 staphylococcal 

isolates were coagulase-negative and 83 (25.7%) were 

coagulase-positive. One hundred and fifty-three 

(63.8%) of coagulase-negative and 54 (65.1%) of coag-

ulase-positive isolates were resistant to penicillin and 

42 (50.6%) of coagulase-positive and 124 (50.5%) of 

coagulase-negative isolates were resistant to oxacillin 

(Fig. 1). All of the isolates were susceptible to vanco-

mycin. 

By iodometric methods, the percentages of beta-

lactamase producer coagulase-positive isolates were 

found between 81.9% and 83.3%. 79.9-83.0% of coag-

ulase-negative isolates were beta-lactamase positive 

by iodometric methods.

Using acidometric tube method, we found beta-

lactamase production rates of coagulase-positive 

isolates as 84.3%-85.5%. These rates were 78-80.5% 

for coagulase-negative staphylococci.
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Figure 1.	 The penicillin and oxacillin resistance percentages of 	
bacteria (%).

Figure 2.	 The percentages of beta-lactamase positive isolates 		
(%).
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Using the reference chromogenic cephalosporin meth-

od, 71 (85.5%) of coagulase-positive and 200 (83.3%) 

of coagulase-negative isolates were beta-lactamase 

positive (Fig. 2). One of the negative isolates was 

positive using iodometric and acidometric strip meth-

ods.

DISCUSSION

From the 1940’s to the present, numerous antibiotics 

have been introduced for staphylococcal infections. 

Over time, staphylococci developed resistance to all 

of them via different mechanisms. Beta-lactamase 

production is the major resistance mechanism against 

penicillin and cephalosporin, which are the cheapest, 

easiest to produce and most effective antibiotic classes. 

Several methods have been developed to detect beta-

lactamase production. These tests are based on the 

determination of the cleavage product (penicilloic 

acid) of beta-lactam antibiotics. In acidometric meth-

ods, changes in pH are shown by indicators. In iodo-

metric methods, iodine binds penicilloic acid rather 

than penicillin and in chromogenic cephalosporin 

method, the color of nitrocefin changes according to 

the beta-lactamase activity. All of these methods are 

easy to perform and results should be obtained in 10 

min. 

In this study, 323 staphylococcal isolates (83 coagulase-

positive and 240 coagulase-negative) were provided 

from the Clinical Microbiology Laboratory of Gazi 

University Medical Faculty Hospital. Antibiotic sus-

ceptibilities of these isolates were determined by disk 

diffusion test. Beta-lactamase producers were deter-

mined by three iodometric (tube, strip and slide), 

three acidometric (tube, strip and disk) and the refer-

ence chromogenic cephalosporin (nitrocefin) methods. 

Performances of these tests were also compared. 

In several publications, beta-lactamase production 

rates vary from 55.7% to 92.6% for staphylococci17,20-

22. In our study, the rate of beta-lactamase producer 

isolates was 83.9%. Umolu et al.23 reported that 84.1% 

of methicillin sensitive (MSSA) isolates were beta-

lactamase positive. In our study, 75.6% of MSSA 

isolates were beta-lactamase positive. All of the me-

thicillin-resistant isolates were determined beta-

lactamase positive using all of the methods.

Ross et al.24 compared iodometric methods and found 

the detection rates to be similar, but Sindhu et al.25 

found significantly different rates for iodometric (73.2-

80.1%) and acidometric (64.4-78%) detection methods. 

In our study, the beta-lactamase rates were close (78-

83.9%) to these results. 

When compared with reference nitrocefin disk method 

(83.9%), we found iodometric methods (79.9-83%) 

more susceptible than acidometric methods (78-80.5%) 

for staphylococcal beta-lactamase. The results of 

iodometric methods were closer than acidometric 

methods to chromogenic cephalosporin method in 

the detection of coagulase-negative staphylococci. 

The acidometric tube method was better than iodo-

metric methods in detecting the coagulase-positive 

staphylococcal beta-lactamase, but was poor in de-

tecting the coagulase-negative staphylococcal beta-

lactamase.

Sixty-nine (21.4%) staphylococcal isolates [52 (16.1%) 

coagulase-negative and 17 (5.3%) coagulase-positive] 

were beta-lactamase producer, while they were pen-

icillin sensitive. These isolates may be slow producers 

or the production rates could be very poor or induc-

ible. These isolates should be considered as penicillin 

susceptible by disk diffusion method but they can 

cause treatment failure. 

Results should be obtained in 5-10 min with all of the 

tests; however, for the slow or poor beta-lactamase 

producers and induced resistant isolates, it is recom-

mended to wait until 1 h. Some of the researchers 

report that the detection rates are concordant but 

some found significantly different results because of 

these poor beta-lactamase producers.

Based on these results, the iodometric slide test can 

be used when chromogenic cephalosporin methods 

are not available. Iodometric tests were found to be 

easy to perform, cheap and effective in detecting 

staphylococcal beta-lactamase.
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