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Background: Isolates that produce pmAmpCs, such as K. pneumoniae (Kp), E. coli 

(Ec), and Salmonella spp. (Sal), can be resistant to most β-lactams. These 

enzymes can phenotypically interfere with the detection of ESBL and KPC 

producing isolates and false susceptible results can lead to inappropriate treatment 

of infected patients. Therefore, the purpose of this study was to design an easy to 

use, rapid, multiplex, real-time (RT) PCR assay to identify isolates carrying 

pmAmpC genes. Methods: Test isolates evaluated included Ec, Kp, and Sal within 

a panel of 26 characterized AmpC producing isolates, 109 non-AmpC isolates, and 

120 randomly selected Gram-negative isolates from the clinical laboratory. DNA 

template was isolated using the Qiagen DNeasy® kit. Primer sets and TaqMan®(TM) 

probes were designed using Beacon Designer 7® software for blaCMY-2, blaFOX, 

blaACT, blaACC, blaMOX, blaDHA, and 16S ribosomal (r) DNA as an internal control for 

all three genera. Amplicon sizes ranged from 55-148 bp. Primer specificity was 

evaluated using melt curve analysis. TM probes for each ampC product and rDNA 

were labeled 5′ with FAM or HEX fluorescent reporter dyes respectively. RT-PCR 

was performed using a Rotor-Gene Q. E. coli clones containing pmAmpC gene 

fragments served as positive controls. Results: TM probe binding was specific for 

each primer combination. All amplifications demonstrated fluorescent signal above 

background between 9-13 cycles. The sensitivity and specificity of the ampC 

primer/probe sets and the rDNA control were 100%. Randomly selected clinical 

isolates (5/120) were positive for a pmAmpC gene using this assay but were 

reported as susceptible to 3rd generation cephalosporins by conventional 

susceptibility testing. Conclusions: The ampC multiplex assay is a fast (≤2.5 

hours), single step procedure easily monitored for quality by internal controls. Thus, 

this assay holds promise as a molecular diagnostic increasing the ability of clinical 

laboratories to identify resistance mechanisms with potentially major therapeutic 

impact but difficult to detect phenotypically.  

  

Infections caused by plasmid-mediated AmpC β-lactamases are a clinical concern. 

These genes are derivatives of chromosomal ampC genes found in many members of 

the Enterobacteriaceae family. Organisms that produce plasmid-encoded AmpCs 

confer resistance to the all of the β-lactam drugs except for the fourth generation 

cephalosporins and the carbapenems (1, 2). Thus, therapeutic options for Gram-

negative organisms expressing plasmid-encoded AmpCs are limited and treatment 

failures can occur when the organisms test susceptible to 3rd generation 

cephalosporins (3).  

  

Plasmid-mediated ampC genes are most often found in isolates of Escherichia coli, 

Klebsiella pneumoniae, and Salmonella spp. AmpC production in organisms that also 

produce ESBLs or KPCs can interfere with the detection of these enzymes. 

  

Currently, there are no CLSI guidelines for the detection of plasmid-mediated AmpC β-

lactamases in the clinical laboratory (1). There are several phenotypic tests available 

but these tests can be time consuming and challenging to interpret, making them 

difficult to incorporate into the work flow of the clinical laboratory (1, 2). At the present 

time, only one molecular test is capable of detecting family specific plasmid-mediated 

ampC genes in a single PCR reaction (4). Although a good assay, it is an end-point 

multiplex PCR assay; which again hinders its utility in the clinical microbiology 

laboratory.  

  

Therefore, we have developed a real-time multiplex PCR assay using TaqMan® probes 

specific for the 6 families of plasmid-mediated ampCs. This assay could be readily 

incorporated within the busy workflow of a clinical microbiology laboratory. 

  

• The multiplex real-time assay described is a rapid (<2.5hr), specific, 

and sensitive molecular diagnostic tool capable of detecting the 

presence of a plasmid-encoded ampC gene. 

  

• Primer and probe design was specific for the detection of plasmid-

encoded ampC genes and did not cross hybridize with the 

chromosomal ampC gene in Escherichia coli.   

 

• This real-time multiplex PCR assay can be analyzed immediately 

during PCR amplification and allows for quick identification of this 

resistance mechanism in clinical isolates. 

 

• The speed of this assay allows for an easy integration into the 

workflow of a busy clinical microbiology laboratory. 

 

• This assay can assist in distinguishing plasmid-mediated ampC genes 

from organisms producing an ESBL or KPC which can aid in hospital 

infection control and selection of treatment options for the patients.  

 

• This assay is capable of detecting the presence of plasmid-encoded 

ampCs in organisms which test susceptible to 3rd generation 

cephalosporins. 

 

• The drawback of this assay is that it does not distinguish the family of 

plasmid-encoded ampCs due to the use of one fluorescent probe. This 

can be easily modified by using additional fluorescent probes for 

family-specific ampC detection. 

 

• Plasmid-mediated AmpC β-lactamases in E. coli and K. pneumoniae 

isolates are associated with poor clinical outcomes. Using this rapid, 

real-time multiplex assay in the clinical laboratory would alleviate the 

inability to detect ampC producing isolates using standard 

susceptibility testing methods. 

TaqMan® probe/primer design and specificity testing. 

The primers and TaqMan® probes used for amplification were designed using Beacon 

Designer 7® software and purchased from Integrated DNA Technologies (IDT). A primer 

and probe combination was created for each of the family-specific plasmid-mediated 

ampC genes; blaCMY-2, blaFOX, blaACT, blaDHA, blaACC, and blaMOX.  A specific primer/probe 

combination was also generated for 16S ribosomal DNA that served as an internal control 

for the evaluation of DNA integrity in the absence of ampC detection. This internal control 

was specific for the amplification of the 16S ribosomal gene in E. coli, Klebsiella spp., 

Salmonella spp. Amplicon sizes for each primer/probe combination ranged from 55 bp-

148 bp. The specificity of each ampC primer set was evaluated by melt curve analysis on 

the Rotor-Gene Q 5-plex HRM (High Resolution Melt) System using the Rotor-Gene 

SYBR Green kit. TaqMan® probes specific for each ampC product and ribosomal DNA 

were labeled 5′ with 6-FAMTM and HEXTM fluorescent dyes respectively. Fluorophores 

attached 3′ included Black Hole Quencher®-1 and Iowa Black® FQ respectively. The 

action of each TaqMan® probe in combination with its respective primer pair was 

examined individually for binding and amplification by sigmoidal fluorescence using the 

Rotor-Gene Probe PCR kit. After each primer and probe combination was evaluated in 

single-plex PCR, these primer/probe pairs were combined until a 7-plex was achieved 

and optimized. Multiplex PCR was performed with fluorescence acquisition in the green 

channel to detect ampC amplification (6-FAMTM) and in the yellow channel to detect 

ribosomal DNA amplification (HEXTM). 

  

See Table 1 for primer and probe sequences. 

 

Multiplex Real-Time PCR protocol. 

The final reaction volume for the multiplex PCR reactions was 50μL. Each PCR master 

mix reaction contained 1X final concentration of QuantiTect Multiplex Buffer (Qiagen) and 

100μM of each of the following primers: CMY2-F1 4P1, CMY2-R1 4P1, ACT-F1 4P1, 

ACT-R1 4P1, DHA-F3 4P1, DHA-R3 4P1, MOX-F1 4P1, MOX-R1 4P1, ACC-F2 4P1, 

ACC-R2 4P1, 16srRNAEcKp-F1, and 16srRNAEcKp-R1; 7.5μM CMY2-Taqprobe 4P1 

and FOX1-Taqprobe 4P1; 5μM ACT-Taqprobe 4P1; 1.25μM DHA3-Taqprobe 4P1; 1μM 

16srRNAEcKp-probe; and 0.625μM MOX-Taqprobe 4P1 and ACC2-Taqprobe 4P1. 

Template DNA (2μL of eluate) was added to 48μL of the master mix. The PCR conditions 

consisted of an initial incubation at 50
 

C for 2min. This incubation was followed by an 

initial denaturation step at 95
 

C for 15min for HotStar Taq® polymerase activation. Two-

step cycling conditions followed and included 40 cycles of denaturation at 95
 

C for 1min 

and primer/probe binding and primer extension at 55
 

C for 1min. Fluorescence 

acquisition was programmed to the annealing/extension step of the PCR. The 

fluorescence maxima (edit gain feature) for the green and yellow channels were adjusted 

from 5 to 10 to avoid overload of fluorescent signal. For each PCR evaluation of an 

unknown sample, the 6 positive controls in addition to the internal ribosomal control were 

run in parallel. No template controls were PCR master mix reactions with the addition of 

sterile nanopure water in place of template DNA. 

  

Fluorescence detection limit. 

No more than 10 reactions could be prepared in one master mix without observing a flat-

line of maximum fluorescence. Due to fluorescence limitations of the optimized multiplex, 

two different master mixes were prepared when using the Rotor Gene Q 5-Plex High 

Resolution Melt (HRM) System. One master mix was designated for positive control 

template to be added while the second master mix was used for test templates. 

MATERIALS & METHODS 

Target Primer Sequence 

Expected 

Amplicon 

Size (bp) 

Nucleotide 

Positions 

MOX-1 to 

MOX-7, 

CMY1, CMY8 

to CMY11 

MOX-F1 4P1 

MOX-R1 4P1 

MOX-Taqprobe 4P1 

AGACCCTGTTCGAGATAG 

ATGGTGATGCTGTCAAAG 

5′ 6-FAMTM-CGTGAGCAAGACCCTGACTG-3' BHQ® 1 
148 

242-259 

389-372 

264-283 

FOX-1 to 

FOX-8 

FOX-F1 4P1 

FOX-R1 4P1 

FOX-Taqprobe 4P1 

ACATATTTCAACTATGGGGTT 

TTGTCATCCAGCTCAAAG 

5′ 6-FAMTM-TGACCGCAGCATAGGCAC-3' BHQ® 1 

148 

179-198 

326-309 

284-301 

CMY2, 4, 6-7, 

14-16, 18, 22, 

25-44, 49, 53-

56, 59 

CMY2-F1 4P1 

CMY2-R1 4P1 

CMY2-Taqprobe 4P1 

TCCAGCGTTATTGATATGG 

CATCTCCCAGCCTAATCC 

5′ 6-FAMTM-ACATATCGCCAATACGCCAGT-3' BHQ®  1 

147 

733-751 

879-862 

836-856 

DHA-1, DHA-

6, DHA-7 

DHA-F3 4P1 

DHA-R3 4P1 

DHA3-Taqprobe 4P1 

TTATCTCACACCTTTATTACTG 

TATCTTTGAGGCGGATT 

5' 6-FAMTM-CCGTAAGATTCCGCATCAAGC-3' BHQ® 1 

139 

607-628 

745-728 

702-722 

ACT-1, ACT-2, 

ACT-5, ACT-8, 

MIR-1 to MIR-

4 

ACT-F1 4P1 

ACT-R1 4P1 

ACT-Taqprobe 4P1 

GTGGCGGTGATTTATGAG 

CCGGTGAAGGTTTTACTT 

5′ 6-FAMTM-CAGCCGCACTACTTCACCT-3' BHQ® 1 

125 

169-186 

275-258 

172-190 

ACC-1 

ACC-F2 4P1 

ACC-R2 4P1 

ACC2-Taqprobe 4P1 

CGCTGATGCAGAAGAATA 

CGCTAACCCATAGTTATAAATG 

5' 6-FAMTM-TCACTGCGACCGACATACCG-3' BHQ® 1 

86 

122-139 

207-186 

147-166 

16s ribosomal 

DNA in E. coli, 

Klebsiella spp, 

and 

Salmonella 

spp. 

16srRNAEcKp-F1 

16srRNAEcKp-R1 

16srRNAEcKp-probe 

GAGAGGATGACCAGCCACAC 

CGCCATTGTGCAATATTCC 

5′ HEXTM-TGAGACACGGTCCAGACTCCTACGG-3' 

Iowa Black® FQ 

55 

Table 1. Primer and TaqMan® probe sequences 

Analysis of optimized multiplex with positive controls. 

The ability of the seven designed primer and probe combinations to anneal to target 

ampC genes or 16S ribosomal DNA was tested using the conditions described in 

Materials and Methods (Figures 1 and 2). The sensitivity and specificity of the ampC 

primer/probe pairs and internal control was 100%. The designed ampC primer/probe 

combinations did not cross hybridize with the chromosomal ampC gene of E. coli (data 

not shown). The DNA used as positive controls (blaMOX, blaFOX, blaCMY-2, blaDHA, blaACT, 

or blaACC) were detected with CT values (fluorescence above background) that ranged 

from 7-13 cycles. Positive control amplification/fluorescence was above the defined 0.10 

threshold which separated the ampC family controls from negative isolates and no 

template controls (Figure 1). The ribosomal control amplified and was detected in the 

yellow channel due to HEXTM labeled probe (Figure 2). The ribosomal gene was 

detected for all isolates positive or negative for plasmid-encoded ampC genes. 

 

Testing of characterized AmpC producing clinical isolates.   

The Center for Research in Anti-Infectives and Biotechnology (C.R.A.B.) have a 

collection of highly characterized clinical isolates producing AmpC β-lactamases from 

around the world. We tested 6 CMY-2,11 FOX, 2 DHA, and 2 ACT producing strains 

from E. coli and Klebsiella pneumoniae in our optimized multiplex assay. Five 

characterized Salmonella strains positive for blaCMY-2 were also tested (Figure 3). The 

ampC gene for all clinical isolates producing the AmpC β-lactamase were detected using 

the TaqMan® PCR multiplex assay. Only the expected amplicon was produced for each 

clinical isolate as confirmed by agarose gel electrophoresis following completion of the 

real-time PCR assay (data not shown). Additionally, the ribosomal control was detected 

in each clinical isolate regardless of the presence an ampC gene (Figure 4).  

 

Validation of the real-time multiplex assay using AmpC negative clinical isolates.  

109 clinical isolates known to carry β-lactamases other than AmpC (n=52 CTX-M E. coli, 

n=14 KPC K. pneumoniae, n=43 TEM/SHV producing E. coli and Klebsiella spp.) were 

tested. Five Salmonella strains from the C.R.A.B. strain collection that were negative for 

a plasmid-mediated AmpC were also evaluated. No 6-FAMTM fluorescence was detected 

in these strains. However, the HEXTM-labeled probe for ribosomal gene detection was 

positive for PCR amplification and fluorescent detection in all the strains tested 

indicating quality DNA was used in the PCR reactions (Figure 2 and Figure 4). 

 

 

Validation of the real-time multiplex assay using isolates from Creighton University Medical Center (CUMC) 

microbiology laboratory.  

120 clinical isolates were collected randomly from the microbiology laboratory at Creighton University Medical Center 

(CUMC) and evaluated in the multiplex assay. These isolates consisted of K. pneumoniae, K. oxytoca, and E. coli (Table 

2). Of the 120 unknown isolates, 4% (5/120) were identified as plasmid-encoded AmpC producers (Figure 5). Evaluation of 

these isolates in a single-plex real-time PCR assay identified 4 isolates (E. coli) as carrying blaCMY-2 and 1 isolate (E. coli) 

carrying blaFOX. 3/5 of the positive AmpC producing E. coli isolates were resistant to the 3rd generation cephalosporins 

(CPD,CRO,CZ) and susceptible to the fourth generation cephalosporin (FEP). The two remaining AmpC positive E. coli 

isolates were susceptible to CPD and CRO and intermediate to CZ.   

Table 2. Antimicrobial susceptibilities for collected isolates from Creighton University Medical 

Center (CUMC) clinical microbiology laboratory 

Figure 1. Amplification of 6 positive AmpC controls with fluorescence acquisition in the 

green channel to detect 6-FAMTM. The non-AmpC producing isolates are shown below the 

designated threshold. 

Figure 5. Multiplex evaluation of uncharacterized randomly collected isolates (n=24) 

from CUMC with fluorescence acquisition in the green channel for 6-FAMTM 

detection. In this set of clinical isolates, 1 isolate (black) was positive for an ampC 

gene and upon further evaluation using single-plex PCR, the isolate was positive for 

CMY-2. The curves labeled with specific plasmid-encoded ampC designations 

indicate positive control template. 
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Bacterial strains. 

Previously created E. coli clones containing targeted ampC gene fragments served as 

positive controls to optimize the real-time multiplex PCR parameters. 21 previously 

characterized clinical isolates carrying specific plasmid-mediated ampC genes were 

tested in the optimized multiplex. An additional panel of ampC negative but CTX-M 

(n=52), KPC (n=14), and TEM/SHV (n=43) producing clinical isolates of E. coli and 

Klebsiella spp. were evaluated. In addition, 10 Salmonella strains (n=5 ampC positive 

and n=5 ampC negative) were tested in this PCR assay. A total of 120 clinical isolates 

comprised of K. pneumoniae, K. oxytoca, and E. coli isolates were randomly collected 

from the clinical laboratory at Creighton University Medical Center (CUMC) and were 

evaluated in the multiplex assay. 

 

Preparation of DNA. 

A few colonies of each test organism was inoculated from a blood agar plate into 5mL 

of Luria Bertani media and incubated with shaking for 16 h at 37
 

C. Cells from a 1.5mL 

of overnight culture were collected using a microfuge for 5 min. Total DNA was 

extracted using the DNeasy Blood and Tissue Kit® (Qiagen). 2μL of the eluate 

(~250ng) was used as the source of template for amplification.  

 

 

 

METHODS CONTINUED 

E. coli K. pneumoniae K. oxytoca 

S I R S I R S I R 

AMP 31.9% (23) 5.6% (4) 62.5% (45) 50.0% (2) 0 50.0% (2) 0 0 100.0% (2) 

AMC 72.7% (16) 13.6% (3) 13.6% (3) 80.0% (4) 20.0% (1) 0 0 0 0 

FEP 98.7% (76) 1.3% (1) 0 0 0 0 0 0 0 

CPD 91.4% (64) 2.9% (2) 5.7% (4) 50.0% (4) 0 50.0% (4) 100.0% (1) 0 0 

CRO 95.8% (69) 0 4.2% (3) 100.0% (3) 0 0 100.0% (2) 0 0 

KZ 80.0% (20) 20.0% (5) 0 100.0% (3) 0 0 0 0 0 

CIP 67.1% (45) 3.0% (2) 29.9% (20) 71.4% (5) 0 28.6% (2) 33.3% (1) 0 66.7% (2) 

CN 90.9% (20) 0 9.1% (2) 66.6% (4) 0 33.3% (2) 0 0 0 

TZP 95.9% (70) 0 4.1% (3) 60.0% (3) 0 40.0% (2) 0 0 0 

SXT 73.1% (49) 0 26.9% (18) 57.1% (4) 0 42.9% (3) 75.0% (3) 0 25.0% (1) 

ATM 83.3% (45) 3.7% (2) 13.0% (7) 75.0% (3) 0 25.0% (1) 0 0 0 

ETP 100.0% (3) 0 0 0 0 0 0 0 0 

GM 90.9% (40) 0 9.1% (4) 100.0% (3) 0 0 100.0% (2) 0 0 

CZ 43.2% (16) 13.5% (5) 43.2% (16) 0 62.5% (5) 37.5% (3) 75.0% (3) 25.0% (1) 0 

SAM 59.5% (25) 11.9% (5) 28.6% (12) 20.0% (1) 40.0% (2) 40.0% (2) 50.0% (1) 50.0% (1) 0 

F 98.6% (73) 0 1.4% (1) 0 0 0 0 0 0 

Disc diffusion susceptibilities; S; susceptible I; intermediate R; resistant  

 

Drug abbreviations; AMP; ampicillin AMC; ampicillin/clavulanate FEP; cefepime CPD; cepodoxime CRO; ceftriaxone KZ; kanamycin CIP; 

ciprofloxacin CN; cephalexin TZP; piperacillin/tazobactam SXT; trimethoprim-sulfamethoxazole ATM; aztreonam ETP; ertapenem GM; gentamicin 

CZ; cefazolin SAM; ampicillin/sulbactam F; nitrofurantoin 
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Figure 4. Internal control amplification of AmpC controls (n=6), positive AmpC producing 

Salmonella strains (n=4), and non-AmpC strains (n=4) with fluorescence acquisition in the 

yellow channel. 

Figure 3. Amplification of 10 positive strains producing plasmid-encoded AmpCs, including 

the 6 positive control strains (n=6) and 4 Salmonella strains. Additionally, 4 non-AmpC 

producing Salmonella  strains are displayed and did not exhibit fluorescence in the green 

channel (6-FAMTM). 
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CONTINUED RESULTS 

Figure 2. 16S ribosomal DNA detection of positive controls (n=6), non-AmpC producing 

isolates (n=6), and primer-dimers with data acquisition in the yellow channel to detect HEXTM. 

Amplification and detection of the ribosomal genes indicates that the  DNA used in the PCR 

reactions was of good integrity. 


