The Journal of Medical Laboratory Science & Technology South Africa. 2023;5:24-30
https://doi.org/10.36303/JMLSTSA.132

Open Access article distributed under the terms of the

Creative Commons License [CC BY-NC-ND 4.0]

JMLSTSA

ISSN 2664 2549  EISSN 2708 3063
© 2023 The Author(s)

http://creativecommons.org/licenses/by-nc-nd/4.0

ORIGINAL RESEARCH

Evaluation of the simplified Carbapenem Inactivation
Method (sCIM) for detection of carbapenemase-producing
Gram-negative bacilli

BZ Masango,"2( ") P Jaglal,? ) J Wadula?
"Pathcare Vermaak Laboratories, South Africa
2Clinical Microbiology and Infectious Diseases, Chris Hani Baragwanath Academic Hospital, University of the Witwatersrand, South Africa

Corresponding author, email: zethym363@gmail.com

Background: Currently, prompt phenotypic detection of carbapenemase-producing Enterobacterales by clinical laboratories
is a challenge. Available techniques are expensive and strenuous. Results are delayed and the techniques are unsuitable for high-
throughput laboratories.

Objective: This study evaluates the performance of the sCIM against the Modified Hodge and Imi-EDTA tests as an alternative method
to detect carbapenemase enzymes in Gram-negative bacilli.

Methods: This is a prospective laboratory-based study, comprising 137 well-characterised stored isolates. These isolates include: 96
Enterobacterales, 23 Acinetobacter baumannii and 18 Pseudomonas aeruginosa tested with the sCIM. The performance of the sCIM was
compared to the Modified Hodge and Imi-EDTA tests with the multiplex PCR used as a reference gold standard.

Results: Overall, we report 95.8% accuracy of the sCIM when testing Enterobacterales, 95.6% for Acinetobacter baumannii, and
77.8% for Pseudomonas aeruginosa using PCR as the gold standard. There was a significant correlation of 95.4% sensitivity and
100% specificity in testing both Enterobacterales and Acinetobacter baumannii isolates with the sCIM. Contrary to expectation, both
Enterobacterales and Acinetobacter baumannii showed a low negative predictive value (NPV) of 69.8% and 50%, respectively, while
the positive predictive value (PPV) was 100% for both. Pseudomonas aeruginosa isolates showed 40% sensitivity, 92.3% specificity,
66.6% PPV and 80% NPV.

Conclusion: Notwithstanding the lack of agreement with our low NPV, the sCIM demonstrated an acceptable performance, as
described in previous studies. It is inexpensive, less tedious and suitable for use in high-throughput laboratories with reliable and

consistent results.

Keywords: sCIM, simplified Carbapenem Inactivation Method, Enterobacterales, Acinetobacter baumannii, phenotypic
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Introduction

The emergence and surge of carbapenemase-producing
Enterobacterales (CPE) is a serious clinical and global health
concern.” Infections caused by carbapenem-resistant
Enterobacterales (CRE) are increasing both locally and
internationally.® These infections are analogous to high rates
of morbidity and mortality.”® The development of resistance
to a class of drugs called carbapenems, which are appraised as
compounds of last resort in the treatment of infections attributed
to resistant Gram-negative pathogens, is therefore concerning.”#
Resistance to carbapenems is mostly due to the production of
hydrolysing enzymes, the carbapenemases.? Discerning these
enzymes on time can have a remarkable effect on patient care

and antimicrobial stewardship strategies.

The aptness of a clinical microbiology laboratory to promptly
detect CPEs by either a phenotypic or a genotypic method
is essential in developing strategies to curb their spread.?®
A nimiety of phenotypic methods exists for the detection
of carbapenemases; however, most of these methods have

limitations.® Consequently, clinical microbiology laboratories
have struggled for years to unearth a method that is accurate,
objective, affordable, user-friendly and feasible to implement
in clinical microbiology laboratories of all sizes.'® Besides,
the Clinical and Laboratory Standards Institute (CLSI) does
not endorse molecular testing for clinical purposes.? A rapid
phenotypic method can aid the timeous detection of CPEs,
thus helping to guide both the therapeutic options available to
clinicians and the antimicrobial stewardship strategies.?

Currently, there is no single phenotypic test that meets all
specifications of a definitive test to detect the presence
of all carbapenemases."’® The choice of a carbapenemase
detection test is subject to numerous factors, including cost,
diagnostic performance traits, local carbapenemase prevalence,
turnaround time (TAT), ease of use, workflow, regulatory status
and local molecular epidemiology.' The Modified Hodge test
(MHT) has been, for years, one of the phenotypic methods
coupled with the Imipenem-Ethylenediaminetetraacetic acid
test (Imi-EDTA) that are used in most clinical laboratories for the
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detection of carbapenemases. The MHT assay has proven to have
an acceptable sensitivity to Class A carbapenemases, especially
Klebsiella pneumoniae carbapenemase (KPC) enzymes, but low
sensitivity to Metallo-(3- lactamases (MBLs).! To complement this
shortcoming, the addition of the Imi-EDTA method enhances
sensitivity towards MBLs.

In 2015, Van der Zwaluw et al."" conceived a novel technique of
detecting carbapenemases that is highly sensitive and relatively
easy to operate. The method is the Carbapenem Inactivation
Method (CIM) and further modification led to the modified
Carbapenem Inactivation Method (mCIM). The 2017 CLSI
document recommends that the mCIM be based on the CIM
method for use in clinical laboratories as it is capable of and
effective in detecting a variety of carbapenemases.'?

Considerable improvement to the mCIM resulted in the
development of the simplified Carbapenem Inactivation Method
(sCIM), ensuring user-friendliness. The sCIM technique involves
smearing the organism directly onto the carbapenem disk; while
for the mCIM, the disk is immersed in tryptic soy broth (TSB)
containing the test organism for four hours.

This study aimed to compare the performance of the novel
sCIM with the MHT coupled with the Imi-EDTA method. The
multiplex polymerase chain reaction (PCR) was used as the gold
standard in detecting the carbapenemase genes among the
Enterobacterales, Acinetobacter baumannii and Pseudomonas
aeruginosa isolates.’® Our hypothesis expects the sCIM to be
highly sensitive in detecting carbapenemasesin carbapenemase-
producing Gram-negative bacilli compared to the MHT and Imi-
EDTA method combined.

Methods
Study design and aim

We used a prospective laboratory-based study design to com-
pare the performance of the sCIM with the MHT coupled with
the Imi-EDTA method using the multiplex PCR as a reference
(gold) standard. The study aimed to evaluate the performance of
the sCIM in terms of sensitivity, specificity, negative and positive
predictive value, repeatability, reproducibility, accuracy and ease
of use.

Study setting

The study was conducted at the Chris Hani Baragwanath
Academic Hospital, National Health Laboratory Services (NHLS),
in the Department of Clinical Microbiology and Infectious
Diseases (CMID).

Sample size

A total of 137 isolates were collected for the study, comprising
96 Enterobacterales, 23 Acinetobacter baumannii and 18
Pseudomonas aeruginosa. The Enterobacterales isolates included
59 strains of Klebsiella pneumoniae, 18 strains of Enterobacter
cloacae, eight strains of Escherichia coli, three strains of
Enterobacter species, three strains of Citrobacter freundii, two
strains of Providencia rettgeri, two strains of Klebsiella oxytoca,

and one strain of a Klebsiella species. All 96 Enterobacterales
samples were tested with the MHT and Imi-EDTA method.
The National Institute for Communicable Diseases (NICD) had
previously molecularly characterised these isolates as part of the
laboratory surveillance and routine diagnostic programme of
CRE Enterobacterales.

The non-fermenting Gram-negative bacilli (GNB) comprised
23 Acinetobacter baumannii and 18 Pseudomonas aeruginosa
isolates from the NICD.

Sampling technique

The isolates that were used incorporated all CREs stored at the
Chris Hani Baragwanath Academic Hospital, NHLS laboratory
from January 2014 to December 2019. These included isolates
from various specimen types irrespective of ward, age group,
health background and race. The acceptance criteria of
specimens for Enterobacterales included the availability of
results for MHT and Imi-EDTA, and PCR characterisation.

The Antimicrobial Resistance Laboratory and Culture Collection
based at the NICD, Centre for Healthcare-Associated infections,
Antimicrobial Resistance, Mycoses (AMRL-CC/CHARM) made
the Acinetobacter baumannii and Pseudomonas aeruginosa
isolates available for this study. These isolates were previously
collected from the Chris Hani Baragwanath Academic Hospital,
Microbiology Department as part of surveillance.

Methods

The analytical profile index (APl) method and the automated
MicroScan® Walkaway system 96SI (Siemens, USA) were used to
identify the organisms used.

Method 1: The simplified Carbapenem Inactivation
Method (sCIM)

The sCIM emanates from the mCIM with changes to the modus
operandi.’* The organism to be tested is smeared directly onto
the imipenem disk instead of incubating it in the TSB culture
media for four hours, as for the mCIM.? To execute the sCIM, the
procedure is slightly different for Enterobacterales compared
to non-fermenters. For Enterobacterales, a lawn of Escherichia
coli ATCC 25922 strain is made on a Mueller Hinton Agar (MHA)
plate using 0.5 McFarland standard suspensions (direct colony
suspension method).'* With non-fermenters, the 0.5 McFarland
standard of the Escherichia coli ATCC strain is further diluted to
1:10 saline before it is inoculated on the MHA plate.'? Plates are
allowed to dry for at least 3-10 minutes before the smeared disk
is placed on the agar surface.”> Organisms to be tested should
have been cultured overnight on blood agar plates.

After 18 hours of incubation, all MHA plates are read. Isolates
that produce carbapenemase hydrolyse the imipenem and
grow more towards the disk. Organisms that do not produce
carbapenemase are susceptible to the imipenem and grow away
from the disk. The zone of inhibition < 22 mm is an indication
that the isolate can produce the carbapenemase enzyme;
alternatively, for a zone of inhibition > 26 mm the isolate is
considered not capable of producing the enzyme.’> A positive
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Figure 1: The simplified Carbapenem Inactivation Method

Courtesy of the Chris Hani Baragwanath Academic Hospital, National Health
Laboratory Services, Department of Microbiology and Infectious Diseases. Picture
by Author in 2019

Note: Small zone size depicts that an isolate produces carbapenemase/s

and bigger zone size correlates with isolate not capable of producing
carbapenemase/s.

and negative report is generated based on these findings. A
zone of inhibition of 23-25 mm is reported as a carbapenemase
indeterminate result (Figure 1).813

Method 2: The Modified Hodge test

The MHT is based on the hydrolysis of a carbapenem by carba-
penemase-producing strains.'* The procedure entails preparing
a 0.5 McFarland dilution of the Escherichia coli ATCC 25922
(indicator organism) in 5 ml of broth or saline.* Further dilution

Figure 2: The Modified Hodge test

Courtesy of the Chris Hani Baragwanath Academic Hospital, National Health
Laboratory Services, Department of Microbiology and Infectious Diseases. Picture
by Author in 2019.

Note: P is positive control, N is negative control and T is the tested isolate.

Figure 3: Imipenem-Ethylenediaminetetraacetic acid test

Courtesy of the Chris Hani Baragwanath Academic Hospital, National Health
Laboratory Services, Department of Microbiology and Infectious Diseases. Picture
by the Author in 2019.

Note: Left is the Imipenem disk and right is Imi-EDTA disk.

of 1:10 by adding 0.5 ml of the 0.5 McFarland to 4.5 ml of Mueller
Hinton broth (MHB) or saline is performed.™ A lawn of the 1:10
diluted Escherichia coli ATCC 25922 is then streaked across the
MHA plate and allowed to dry for 3-5 minutes; thereafter, a 10
ug disk of meropenem is placed in the centre of the MHA."* The
organism to be tested is then streaked in a straight line from
the disk to the edge of the plate.™ A repeat with quality control
strains is done in a similar way. Once completed, the MHA is then
incubated in ambient air at 35 °C for 18-24 hours. The expected
positive result is seeing a cloverleaf appearance post-incubation
(Figure 2).814

Method 3: Imipenem-Ethylenediaminetetraacetic acid
test

The MHT relies on Imi-EDTA to detect MBL enzymes. The Imi-EDTA
method uses two imipenem disks placed side by side on an MHA
plate that has been lawned with the organism to be tested.”?The
two imipenem disks, 10 pg each by Davies Diagnostics, lie on the
surface of the MHA at a distance of 4-5c¢m from each other. A 5 pl
of 750 ug/ml EDTA solution is then added to one of the imipenem
disks.”? The inhibition zone found around the imipenem and
Imi-EDTA disks are compared after 14-16 hours of incubation at
37 °C in ambient air."? A difference of > 5 mm between the
inhibition zone diameter of the Imi-EDTA disk and that of the
imipenem-only disk is positive for the presence of MBL (Figure
3).812 This test is suitable for the detection of MBLs producing
GNB.

Method 4: Multiplex PCR for detection of
carbapenemase genes

AMRL-CC/CHARM performed the molecular detection of the
carbapenemase genes. Automated systems including the
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VITEK® 2 (bioMérieux, France) and Microflex MALDI-ToF (Bruker
Daltonik, GmbHA), identified isolates before characterisation.
The automated MicroScan WalkAway system (Siemens, USA) was
then used for antimicrobial susceptibility testing (AST). Once
confirmed as CRE, the multiplex PCR was used to detect the
specific type of carbapenemase/s gene carried by each isolate.

The AMRL-CC/CHARM used multiplex PCR LightCycler® 480 II,
LightCycler® 480 probes, master kit and the individual LightMix®
Modular kits supplied by Roche Diagnostics, USA, to detect
carbapenemase genes. The procedure involves DNA extraction
from the target isolate by the crude boiling method at 95 °C for
25 minutes for the cell to lyse.'

Repeatability of the sCIM

To determine the repeatability of the sCIM, testing of all isolates
were performed in duplicate.

Reproducibility of the sCIM

Four laboratory technologists performed the sCIM on 10
Enterobacterales, three Acinetobacter baumannii and three
Pseudomonas aeruginosa isolates for reproducibility. The scoring
system included the following:

1. Preparation of testing material
2. Performing the procedure

3. Reading of the results

4, Interpretation of the results

5. Rating the sCIM compared to the MHT and Imi-EDTA
Data management and data analysis

Microsoft® Excel 2016 was used for data entry and statistical
software STATA 14 was used for analysis. Statistical significance
was analysed using the OpenEpi tool to estimate sensitivity,
specificity, PPV, NPV and accuracy with 95% confidence interval.

Results

Results of sCIM versus MHT and Imi-EDTA on
Enterobacterales

The sCIM technique shows an advantage in its performance
characteristics over the MHT and Imi-EDTA combined method in
sensitivity, specificity, accuracy and PPV (Figure 4). Of note, the
specificity was 100% and the sensitivity was 95.8%. Apart from
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Figure 4: Performance characteristics of sCIM versus MHT and Imi-EDTA
on Enterobacterales

PPV - positive predictive value, NPV - negative predictive value, MHT — Modified
Hodge test, Imi-EDTA - Imipenem-Ethylenediaminetetraacetic acid test
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Figure 5: Performance characteristics of the sCIM on Enterobacterales,
Acinetobacter baumannii and Pseudomonas aeruginosa
PPV - positive predictive value, NPV - negative predictive value

the low NPV (69.8%), our results agree with the hypothesis, when
testing Enterobacterales using the sCIM.

Performance characteristics of the sCIM on
Acinetobacter baumannii, Pseudomonas aeruginosa
and Enterobacterales

Collectively, the sCIM reported 95.8% accuracy when testing
Enterobacterales, 95.6% for Acinetobacter baumannii and 77.8%
for Pseudomonas aeruginosa (Figure 5). Remarkably, there was
correlation of 95.4% sensitivity and 100% specificity in testing
both Enterobacterales and Acinetobacter baumannii isolates
(Figure 5). Contrary, both the Enterobacterales and Acinetobacter
baumannii showed low NPV of 69.8% and 50%, respectively,
while the PPV was 100% for both (Figure 5). Further analysis
revealed that Pseudomonas aeruginosa isolates performed
poorly when using the sCIM, reporting 40% sensitivity, 92.3%
specificity, 66.6% PPV and an 80% NPV (Figure 5).2

Repeatability of the sCIM

The sCIM was performed in duplicates to ensure repeatability of
the test under the same conditions tested by the same personnel
in the same run. Only three isolates were initially found to
be discordant: one Enterobacterales and two Pseudomonas
aeruginosa isolates. The Enterobacterales was a Klebsiella
pneumoniae mixed with an Acinetobacter baumannii, and after
plating these out with re-testing, the results were identical. The
two Pseudomonas aeruginosa isolates had insufficient colonies
on culture plates, and upon repeat testing, both yielded the
same results.

Reproducibility of the sCIM

There was a 100% concordance of the sCIM results performed
by the four technologists with those previously tested by the
author. The majority found the preparation of materials and
performing the test easy to very easy. Of the technicians, 75%
rated the sCIM above average compared to the MHT and Imi-
EDTA and only 25% rated it easy. These results further strengthen
our confidence in the user friendliness of the test.

Discussion

Gram-negative bacteria that produce carbapenemases pose
an undisputed threat to public health due to their resistance
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to antimicrobial drugs. There is a need in both public and
private microbiology laboratories for a robust and efficient
carbapenemase detection method to identify and curb the
spread of carbapenemase-producing organisms. Most sophis-
ticated techniques like molecular assays and spectrometry have
questionable use in a routine laboratory setting due to cost,
availability, expertise and feasibility. A rapid phenotypic test that
holds the advantage for use in a high-throughput laboratory
with minimal cost is urgently required.

The MHT has been the most widely used phenotypic test in
public clinical microbiology laboratories for the screening
of carbapenemase producing Enterobacterales.' It has the
advantage of being a phenotypic test that is relatively cheap to
perform and very sensitive to most carbapenemases like KPC and
OXA-48." Previous studies have demonstrated high sensitivity of
MHT (100%) in detecting Enterobacterales that produce Class A
(KPC) and Class D (OXA- 48) enzymes.

Unfortunately, the CLSIdocument M100-522 has highlighted that
not all carbapenemase-producing isolates of Enterobacterales
are MHT positive as false negative results can be found in testing
MBLs.'¢ Isolates with carbapenem-resistant mechanisms other
than carbapenemase production can also give false positives. The
Imi-EDTA method usually compensates for this shortcoming of
MHT; however, its specificity (33%) is ill-starred by the sCIM (with
100% specificity). In this study, the presence of other resistant
mechanisms such as extended-spectrum beta-lactamase (ESBL)
and hyper production of AMP-C beta-lactamases and porin loss
could be the cause of low specificity.

Furthermore, the MHT has low sensitivity in detecting New Delhi
metallo beta lactamase (NDM) enzymes. The low sensitivity can
have severe repercussions in settings where NDMs are endemic.
Interestingly, the multiplex PCR results confirmed the presence
of NDMs in our setting, especially for Acinetobacter baumannii
and Enterobacterales.

Our experimental setup of the sCIM bears a close resemblance to
the MHT on the type of media used, indicator strain of Escherichia
coli and incubation needs. The sCIM, however, has minimal steps,
is easy to perform and requires no special reagents or media.
The sCIM is a more convenient alternative for high-throughput
laboratories.'3

This study has revealed that the sCIM has good performance
characteristics, except for the low NPV. The low NPV could likely
be due to the use of stored isolates leading to poor expression
of the carbapenemase enzymes and/or loss of resistance genes
carried on plasmids.

Some studies suggest degradation of plasmids are possible if
exposed to freeze and thaw cycles.”” Hence, we postulate the
possibility that prolonged storage, freeze and thaw cycles could
have degraded the plasmids resulting in a loss of carbapenemase
genes suggesting the need for prospective studies on fresh
samples.

Another reason for the low predictive value could be low-
level carbapenemase activity, whereby the multiplex PCR

JMLSTSA 2023;5(1)

would pick up the gene, but the gene would not be expressed
phenotypically. The expression of carbapenemases depends on
the resistant cassette found in the intergron.'®'® Expression of
gene cassette in class 1 integrons is not uniform, and most class 1
integrons are found in GNBs.'® Subsequently, the sCIM detection
threshold might not have been able to pick up poorly expressed
genes. Extended incubation is suggested for future probes to
allow sufficient time for the genes to be expressed. Extended
incubation had positive results with the mCIM."

Of note, our reference standard (PCR) could not detect one
false-positive result of a Pseudomonas aeruginosa isolate. The
isolate was positive on sCIM and remained positive on repeat
testing. This could be attributed to the fact that PCR only detects
targeted genes of interest and that the isolates could have had a
gene outside of the target primers of the multiplex PCR. Whole-
genome sequencing could have clarified this discordance;
however, funding constraints did not permit this.

Cumitech 31a: verification and validation of procedures in the
clinical microbiology laboratory® requires that a screening test
should satisfy the criteria that both sensitivity and negative
predictive values are greater than 95%. The sCIM has met
the standards on sensitivity for both Enterobacterales and
Acinetobacter baumannii of 95.4%. The NPV was 69.8% and 50%
for Enterobacterales and Acinetobacter baumannii, respectively.
Therefore, we recommend prospective studies on fresh isolates
for future studies. The performance of the sCIM when testing
Pseudomonas aeruginosa isolates did not meet the Cumitech 31a

requirements.
Study limitations

Potential limitations of this study includes the use of stored
samples, plasmid degradation and improper storage. There is
evidence to suggest that long-term storage at ambient air can
affect the stability of the plasmids carrying the carbapenemase
genes, especially if not stored at temperatures below -20 °C.»'
These could have been reasons for the low NPV of 69.8% for
Enterobacterales, 50% for Acinetobacter baumannii, and 80% for

Pseudomonas aeruginosa.
Conclusion

This study provides the first comprehensive evaluation of the
sCIM in South Africa. Notwithstanding the lack of agreement
with the NPV, we believe our findings compare well with
previous studies. Little information about the performance
of the test, with regards to the NPV and PPV, was gained from
the literature review. The sCIM can be an innovative solution
for high-throughput laboratories, especially for the detection
of carbapenemases among Enterobacterales and Acinetobacter
baumannii in fresh samples. Future studies are still warranted to
elucidate on low predictive values of the assay.
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Figure 1: Distribution of carbapenemase genes in Enterobacterales
detected by multiplex PCR

Table I: Comparing performance characteristics of Modified Hodge
and Imi-EDTA tests versus PCR for Enterobacterales
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Figure 2: Distribution of carbapenemase genes in Acinetobacter
baumannii detected by multiplex PCR
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Figure 3: Distribution of carbapenemase genes in Pseudomonas
aeruginosa detected by multiplex PCR

Table Ill: Comparing performance characteristics of sCIM versus PCR
for Acinetobacter baumannii

Reference test or gold standard (PCR) n = 96

Reference test or gold standard (PCR) n =23

Diagnostic Positive  Negative Total Diagnostic Positive Negative Total
Test (combined test) Positive 87 (TP) 6 (FP) 93 Test (combined test) Positive 21 (TP) 0 (FP) 21
Negative 0 (FN) 3(TN) 3 Negative 1 (FN) 1(TN) 2
Total 87 9 96 Total 22 1 23

TP - true positive, FP - false positive, FN - false negative, TN - true negative

Sensitivity = TP/TP+FN = 87/87 = 100.0%, 95% Cl (95.7-100.0%)

Specificity = TN/TN+FP = 3/9 = 33.33%, 95% Cl (20.2-64.6.0%)

Positive predictive value = TP/TP+FP = 87/93 = 93.6%, 95% Cl (86.6-97.0%)
Negative predictive value = TN/TN+FN = 3/3 = 100.0%, 95% Cl (48.3-100.0%)
Accuracy =TP+TN/Total population = 87+3/96 = 93.7%, 95% Cl (87.0-97.1%)

Table Il: Comparing performance characteristics of sCIM versus PCR for
Enterobacterales

TP - true positive, FP - false positive, FN - false negative, TN - true negative

Sensitivity = TP/TP+FN = 21/22 = 95.45%, 95% Cl (88.2-99.1%)

Specificity = TN/TN+FP = 1/1 = 100%, 95% Cl (64.5-100.0%)

Positive predictive value = TP/TP+FP = 21/21 = 100%, 95% Cl (84.5-100.0%)
Negative predictive value = TN/TN+FN = 1/2 = 50%, 95% Cl (33.7-68.9%)
Accuracy =TP+TN/Total population = 22/23 = 95.6%, 95% Cl (79.0-99.2%)

Table IV: Comparing performance characteristics of sCIM versus PCR
for Pseudomonas aeruginosa

Reference test or gold standard (PCR) n =96

Diagnostic Positive Negative Total
Test (SCIM) Positive 85 (TP) 0 (FP) 85
Negative 4 (FN) 7 (TN) 11
Total 89 7 96

TP - true positive, FP - false positive, FN - false negative, TN - true negative

Sensitivity = TP/TP+FN = 85/89 = 95.4%, 95% CI (88.8-98.2%)

Specificity = TN/TN+FP = 7/7 = 100.0%, 95% Cl (80.2-100.0%)

Positive predictive value = TP/TP+FP = 85/85 = 100%, 95% Cl (95.6-100.0%)
Negative predictive value = TN/TN+FN = 7/11 = 69.3%, 95% Cl (48.3-87.3%)
Accuracy =TP+TN/Total population = 85+7/96 = 95.8%, 95% Cl (89.8-98.4%)

Reference test or gold standard (PCR) n3

=18
Diagnostic Positive Negative Total
Test (combined test) Positive 2(TP) 1 (FP) 3
Negative 3 (FN) 12 (TN) 15
Total 5 13 18

TP - true positive, FP - false positive, FN - false negative, TN - true negative

Sensitivity = TP/TP+FN = 2/5 = 40%, 95% Cl (28.4-50.6%)

Specificity = TN/TN+FN = 12/13 = 92.3%, 95% Cl (85.6-98.6%)

Positive predictive value = TP/TP+FP = 2/3 = 66.6%, 95% Cl (50.5-81.3%)
Negative predictive value = TN/TN+FN = 12/15 = 80%, 95% Cl (77.5-92.5%)
Accuracy =TP+TN/Total population = 14/18 = 77.8%, 95% Cl (70.5-91.0%)
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