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Abstract. In recent years, the emergence of carbapenem‑resis‑
tant strains has been increasing worldwide, including in 
Romania. Rapid tests for post‑mortem examinations have 
been researched and currently have several applications. In the 
present study, we aimed to test the performance of O.K.N.V.I. 
RESIST‑5 tests on impure post‑mortem biological samples 
compared with a standard of pure cultures. When a death 
occurs during hospitalization and the issue of malpractice 
arises, the medico‑legal practice would benefit from rapid 
tests applicable to post‑mortem samples. Thus, detection and 
differentiation of the five targeted carbapenemases, namely 
oxacilinase‑48, Klebsiella pneumoniae carbapenemase, 
New Delhi metallo‑β‑lactamase, Verona integron‑encoded 
metallo‑β‑lactamase and imipenemase, could be useful in 
guiding sampling for third‑party microbiological assessment 
and could also be an asset from an epidemiological standpoint. 

The present prospective and observational pilot study included 
medico‑legal autopsy cases performed at Mina Minovici 
National Institute of Legal Medicine (Romania) between June 
and July 2022. A total of two sets of O.K.N.V.I. RESIST‑5 tests 
were performed: Test I, which was performed on‑site from 
biological samples obtained during autopsy; and Test II, which 
was performed on pure cultures after sample inoculation 
and incubation. Total of 39 O.K.N.V.I. RESIST‑5 rapid tests 
were performed on 19 biological samples, at least one sample 
per case. The O.K.N.V.I. RESIST‑5 tests performed on‑site 
showed an overall sensitivity of 92.3% with a 100% specificity. 
The results obtained through rapid tests using post‑mortem 
impure samples were comparable to the results obtained from 
sample cultures with good sensitivity and specificity. Through 
post‑mortem screening for carbapenem resistance, it would 
be possible to narrow down the number of cases that require 
further bacteriological assessment.

Introduction

Carbapenems used to be antibiotics reserved for the treat‑
ment of patients with infections caused by extended‑spectrum 
β‑lactamase (ESBL)‑producing Enterobacteriaceae. In recent 
years, the emergence of carbapenem‑resistant strains has 
been increasing worldwide and as such also in Romania (1,2). 
Based on the Ambler classification of β‑lactamases, according 
to their molecular structure, these enzymes with versatile 
hydrolytic capacities, known as carbapenemases (3), are 
divided into class A (clavulanic acid inhibitory enzymes), B 
(metallo‑β‑lactamases) and D (oxacillinases) (4).

Class A β‑lactamases include the Klebsiella pneumoniae 
carbapenemase (KPC), the first reported carbapenem‑hydro‑
lysing β‑lactamase. KPC was initially extracted from a 
carbapenem‑resistant (CR) strain of Klebsiella pneumoniae 
in a North Carolina hospital in 2001 (5). KPC‑producing 
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organisms are usually resistant to penicillin, cephalosporins 
and carbapenems. Moreover, their growth is not inhibited 
by clavulanic acid or other common β‑lactamase inhibitors 
such as sulbactam and tazobactam. Thus, only a few thera‑
peutic options remain, namely colistin, polymyxin B and 
tigecycline (6).

The New Delhi metallo‑β‑lactamase (NDM) emerged 
from the Indian subcontinent as a major cause of carbapenem 
resistance and has since been identified all over the world (7). 
NDM strains are usually resistant to most antibiotics except for 
tigecycline and colistin. Regarding NDM resistance, of great 
concern is its frequent association with Escherichia coli, a 
ubiquitous and non‑nosocomial microbe, making it extremely 
difficult to contain community transmission (2). Other MBLs 
are the Verona integron‑encoded metallo‑β‑lactamase (VIM) 
and the imipenemase (IMP). Both were reported worldwide, 
with a higher prevalence in southern Europe and Asia (8).

Class D β‑lactamases include oxacilinase‑48 (OXA‑48), 
a carbapenem‑hydrolysing β‑lactamase, initially identified 
in Europe, which has been increasingly reported in various 
species of Enterobacteriaceae. Though colistin and tigecy‑
cline are most likely to be active against OXA‑48 producer 
strains, some resistance has been reported (9). Fosfomycin 
as part of combination therapy could be used as a last resort, 
though the emergence of resistance is highly likely (10).

Point‑of‑care (POC) tests for the identification of 
carbapenemases were developed during the second half of the 
last century and gradually gained a foothold as an aid in the 
fast and accurate diagnosis of CR strains. They are easy to 
perform, fast, inexpensive and allow for on‑site application. 
The technologies used in POC tests include particle aggluti‑
nation assays, monoclonal antibody‑based immunodot tests, 
immunochromatography and immunofiltration (11). Most 
immunochromatographic tests (ICT) used in microbiological 
laboratories are lateral flow double‑antibody sandwich assays. 
Antigens from the biological sample migrate along a nitrocel‑
lulose membrane by capillarity. In doing so, they encounter 
the conjugate pad which contains dye‑labelled antibodies, 
forming an antigen‑antibody complex. A second wave of 
antibodies is immobilized at the level of the test line; when the 
antigen‑antibody complex encounters the test line antibodies 
a colour reaction occurs and produces a visible band (posi‑
tive result). The control line contains immobilized anti‑IgG 
antibodies aimed at the excess dye‑labelled antibodies (with 
or without the antigen) and is used to confirm that the sample 
migrated along the nitrocellulose membrane (Fig. 1) (4).

In terms of post‑mortem use, POC tests are already in 
use for the diagnosis of acute coronary syndrome (rapid 
troponin T test) (12), sepsis (a semi‑quantitative procalcitonin 
test) (13) as well as several antibody‑based tests for the diag‑
nosis of hepatitis virus C and HIV (14,15). More recently, the 
post‑mortem application of a SARS‑COV‑2 rapid antigen test 
was assessed on nasopharyngeal exudate samples collected 
from 30 autopsy cases in a pilot study with promising results; 
this showed an overall lower sensitivity compared with 
reverse transcription‑quantitative PCR considered to be due 
to viral loads below the threshold of cultivability in cases with 
false‑negative results (16).

Rapid diagnostic tests are currently commercially available 
for the detection of carbapenem resistance. The O.K.N.V.I. 

RESIST‑5 (Coris BioConcept) targets KPC, NDM, VIM, IMP 
and OXA‑48 types of carbapenemases and is performed on 
pure microbial cultures, in laboratories, without the use of 
specialized equipment (17). The detection limit, as provided 
by the manufacturer, varies according to carbapenemase 
and was determined using purified recombinant proteins 
obtained from KPC (0.5 ng/ml), NDM (0.0625 ng/ml), VIM 
(0.23 ng/ml), IMP (0.781 ng/ml) and OXA‑48‑like carbapen‑
emases (0.25 ng/ml) (18). To the best of our knowledge, 
currently, there are no ICT or POC tests available for the 
identification of CR strains directly from clinical samples 
(without prior isolation), as the sensitivity of these assays is 
not high enough (19). However, simplified procedures are 
under research in both laboratory and clinical settings, aiming 
to concentrate sample antigens and eliminate any potential 
interference with impurities. Simplified procedures have been 
tested on blood cultures (NG‑Test Carba 5 assay) (20), rectal 
swabs (RESIST‑4 O.K.N.V. K‑SeT test) (21,22) and urine 
samples using a dedicated device (19).

Not yet available for routine clinical practice, rapid tests 
for the detection of antimicrobial resistance using immu‑
nochromatographic analysis would guide the diagnosis 
and management of infections with CR strains. Some of its 
potential applications lie in the field of legal medicine/forensic 
pathology, where other rapid tests have already proven 
useful [troponin (12), C reactive protein (23), HIV (15) etc.]. 
Post‑mortem sampling offers the advantage of targeted access 
to biological samples, irrespective of the area of interest, by 
allowing sampling of fluid collections, including pus, as well 
as profound structures, such as the distal respiratory tract. 
Moreover, the post‑mortem dehydration results in a concen‑
trated sample of antigens.

In Romania, autopsy‑performing facilities are dependent 
on external laboratories for microbiological assessment; 
thus, sampling is strictly case‑oriented and not routinely 
performed. A cheaper, faster and easier method of assessing 
antibiotic resistance would potentially redefine the incidence 
and prevalence of ESBL‑producing microorganisms. For 
patients who die during hospitalization where the issue of 
malpractice arises, medico‑legal practice would benefit from 
rapid tests validated for post‑mortem samples. Thus, detection 
and differentiation of the five targeted carbapenemases, KPC, 
NDM, VIM, IMP and OXA‑48, is useful in guiding sampling 
for external microbiological assessment and could also be an 
asset from an epidemiological standpoint.

The current study aimed to test the performance of the 
O.K.N.V.I. RESIST‑5 test on impure post‑mortem biological 
samples compared with a standard consisting of pure microbial 
cultures obtained from the initial sample through inoculation 
and incubation.

Materials and methods

The present study was a prospective, single‑centre pilot 
study conducted at Mina Minovici National Institute of 
Legal Medicine (Bucharest, Romania) aimed to compare 
CR identifying rapid test results obtained from post‑mortem 
samples either on‑site or as pure microbial cultures after 
inoculation, isolation and identification of the causative 
agents.
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Sample collection. Bronchial swabs were preferred to tracheal 
swabs due to agonal aspiration of gastric content. The trachea 
was dissected just above the bronchial bifurcation and four 
sterile swabs were inserted distally into the bronchi. For 
other biological samples, four swabs per site were collected 
through a sterile technique (using sterile gloves and dissec‑
tion instruments, immediately after removing the wound 
dressings or opening the anatomical cavities, prior to other 
extensive manipulation of body or organs, wound swabbing, 
collection of meningeal fluid etc.). Following sample collec‑
tion, two swabs were used for O.K.N.V.I. RESIST‑5 testing and 
the other two were sent to a third party laboratory for further 
testing the results obtained from the latter were outside the 
scope of the study.

Patient inclusion. A total of 200 autopsies were performed 
at The Mina Minovici National Institute of Legal Medicine 
between June and July 2022. Patient inclusion criteria were: 
Hospitalization over 3 days and a carbapenem‑resistant (CR) 
strain identified during hospitalization.

Autopsies that did not have post‑mortem bacteriology 
results available for review were excluded from the present 
study. A total of 21 medico‑legal autopsies met the inclusion 
criteria and rapid on‑site tests were performed in 14 cases 
out of the 21. The location of post‑mortem microbiological 
sampling was selected in a case‑oriented manner, guided by 
the anatomical area or biological sample from which a positive 
culture for CR strains was identified during hospitalization, 
thereby suspected as a possible cause of death.

Examination technique and O.K.N.V.I. RESIST‑5 testing. A 
total of two sets of O.K.N.V.I. RESIST‑5 tests (Test I and II) 
were performed for each collected specimen. Test I was 
performed on‑site from post‑mortem samples, while Test II 
was performed on pure cultures obtained after isolation and 
served as standard, as described below: 

The swab for Test I was tested on‑site, immediately 
after post‑mortem sampling. The swab was immersed into 
a semi‑rigid tube containing 12 drops of buffer (LY‑D) 
provided by the manufacturer of the rapid diagnostic kits 
(Coris BioConcept), mixed thoroughly, and the diluted sample 
transferred using a pipette onto each of the two cassettes of 
O.K.N.V.I. RESIST‑5. The results were read within 15 min of 
sampling (Fig. 2; bottom green arrow, Test I).

The swab for Test II was tested locally. The swab was used 
to inoculate Brilliance™ ESBL Agar (Oxoid, Ltd.; Thermo 
Fisher Scientific, Inc. Fisher Scientific), a chromogenic 
screening plate with a selective medium for the detection 
of extended‑spectrum β‑lactamase‑producing strains. The 
Brilliance™ ESBL Agar plates were examined after incuba‑
tion at 36±2˚C, for 18‑24 h. If bacterial growth showed mixed 
populations, an isolation plate was performed for further 
differentiation, by aseptically transferring a small amount 
of an isolated colony using a smear loop onto CLED Agar 
plate (Oxoid, Ltd.; Thermo Fisher Scientific, Inc.), followed 
by incubation at 36±2˚C for 18‑24 h. Once pure cultures 
were obtained, O.K.N.V.I. RESIST‑5 tests were performed 
according to manufacturer instructions (Fig. 2; top green 
arrow, Test II). Results were obtained within 1‑2 days of 
sampling depending on culture growth rate and incubation 
facilities.

Statistical analysis. Categorical variables were reported as 
counts or frequencies (%). Continuous data are presented as 
mean ± standard deviation for normally distributed data, while 
non‑normally distributed data are presented as median and 
interquartile range (IR) or range (R). P<0.05 was considered 
to indicate a statistically significant difference. The statis‑
tical analysis was performed using IBM® SPSS® Statistics 
software for Windows, version 24.0 (IBM Corp.). Sensitivity, 
specificity, and positive and negative predictive values were 
assessed using crosstabs column and row percentages with 
syntax for 95% CIs. The effect of postmortem interval upon 
concordance of the two sets of test for each type of carbapen‑
emase was analyzed by dividing the samples into two groups 
and since >20% of the cells in the contingency table contained 
an expected count of five or less, Fisher's exact test was used 
(Table SII).

Ethics. This study was approved by the Institutional Research 
Ethics Committee from Mina Minovici National Institute of 
Legal Medicine, Bucharest (approval no. 5152/2022).

Results

Descriptives of included cases, sampling and rapid testing. 
The present study included four female (28.8%) and 10 
male (71.4%) patients with a median age of 63 years (IR, 
48.7‑77.0 years). Patients had a hospital stay of 43.5 days (IR, 
23.5‑58.2 days) with a maximum of 107 days. The post‑mortem 
interval (PMI), i.e. time to autopsy and sample collection, was 
3 days (IR, 1.7‑4.0 days), the longest being 6 days. A total of 
10 patients (71.4%) were hospitalized due to violent circum‑
stances such as traumatic brain injury, polytrauma (motor 
vehicle collision) or thermal burn injuries, of whom six (60.0%) 
had pre‑existing conditions (Table I). Patient characteristics 

Figure 1. Lateral flow double‑antibody sandwich assay is a common immu‑
nochromatographic technique used in microbiological laboratories. The 
white arrow depicts the direction in which sample antigens migrate across 
the nitrocellulose membrane through capillarity. The dye‑labelled anti‑
bodies in the conjugate pad form immune complexes with the antigen. The 
immune complex then reacts with the immobilized antibodies at the test line, 
producing a positive result. If there is no corresponding antigen in the sample, 
the antibodies in the test line have no substrate with which to interact so no 
line becomes visible (negative test). The control line is proof that sample 
particles migrated through the nitrocellulose membrane. Ab, antibody.
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and additional data extracted from medical records obtained 
before death are available in Table I.

A total of 39 O.K.N.V.I. RESIST‑5 rapid tests were 
performed on 19 biological samples collected from 
14 patients; one sample per case and, in five cases, two samples. 
For two of the samples, Test I was negative and Test II was 
not performed since the 24 h incubation showed no micro‑
bial growth on the Oxoid Brilliance ESBL Agar screening 
plate. The first negative sample (Table I, patient no. 6) was a 
tracheal swab collected from a patient who tested positive for 
CR Klebsiella pneumoniae during hospitalization (wound 
swab). They had been treated empirically with ceftriaxone 
for 1 day, followed by combination therapy with colistin and 
tigecycline for 10 days. The second negative sample (Table I, 
patient no. 11) was a meningeal swab collected from a patient 
with meningoencephalitis of unknown origin. The patient 
had been treated empirically with meropenem for 3 days 
followed by combination therapy with meropenem, vanco‑
mycin and levofloxacin.

Moreover, fourteen of the inoculated samples generated 
monocultures, while three samples required transfer to a 
second plate for microbial pure culture. An invalid result 
was obtained from one rapid test performed on a micro‑
bial culture (Test II); therefore a third test was performed. 
The following Enterobacteriaceae species were identi‑
fied in pure culture: Klebsiella pneumoniae (16 cultures), 
Pseudomonas aeruginosa (two cultures) and Escherichia coli 
(one culture). For 10 of the pure cultures, the same CR strain 
showed positive results for two different types of carbapen‑
emases (Fig. 3).

Antimicrobial therapy. All patients included in the 
present study had positive microbiology results for 
carbapenem‑resistant microorganisms while in‑hospital 
(Table I). All but one (13 patients) received empirical anti‑
bacterial therapy with broad‑spectrum antibiotics. Of the 
13 patients, 10 received single‑agent antimicrobial therapy 
as empirical treatment. Ceftriaxone was the most popular 
option for empirical antibacterial therapy being used in 10 
of the 13 patients, with a median duration of treatment of 
7 days (range, 1‑14 days).

All 14 patients received targeted antibacterial therapy 
for a variable number of days after CR strain identification. 
Combination therapy regiments most often included colistin 
(9/14 patients) for a mean duration of 10 days (range, 3‑14 days), 
tigecycline (seven patients) for a mean duration of 10 days 
(range, 2‑14 days), piperacillin/tazobactam (six patients) for a 
mean duration of 14 days (range, 8‑14 days), vancomycin (three 
patients) for a mean duration of 10 days (range, 2‑10 days) and 
Recarbrio (imipenem/cilastatin/relebactam; Merck Sharp & 
Dohme‑Hoddesdon) in two patients for a mean duration of 
13 days (range, 5‑21 days).

In the context of the present study, for any type of carbapen‑
emase, the results were interpreted as follows: A negative 
result during Test I with a positive result during Test II as a 
false negative; a positive result during both sets of tests as a 
true positive; a negative result during both sets of tests as a 
true negative; and a positive result during Test I with a negative 
result during Test II as a false positive. The Test I results for the 
two samples that showed no microbial growth were excluded 
from the interpretation.

Figure 2. Testing sequence to determine carbapenemase‑resistant strains present in post‑mortem samples. O.K.N.V.I. RESIST‑5 tests were performed from the 
post‑mortem samples either on‑site (in the autopsy room; Test I) or in a specialized laboratory after isolation of pure cultures (Test II).



EXPERIMENTAL AND THERAPEUTIC MEDICINE  27:  14,  2024 5

Ta
bl

e 
I. 

St
ud

y 
pa

tie
nt

 c
ha

ra
ct

er
is

tic
s a

nd
 a

dd
iti

on
al

 d
at

a 
ex

tra
ct

ed
 fr

om
 m

ed
ic

al
 re

co
rd

s o
bt

ai
ne

d 
be

fo
re

 d
ea

th
.

 
 

 
 

 
Po

st
‑ 

Em
pi

ric
al

 
Po

si
tiv

e 
Ta

rg
et

ed
 

 
 

 
 

 
H

os
pi

ta
l 

m
or

te
m

 
an

tim
ic

ro
bi

al
 

m
ic

ro
bi

ol
og

y 
an

tim
ic

ro
bi

al
 

Su
pe

rim
po

se
d 

C
R

 p
os

iti
ve

Pa
tie

nt
 

A
ge

, 
C

au
se

 o
f 

Pr
e‑

ex
is

tin
g 

st
ay

, 
in

te
rv

al
,  

tre
at

m
en

t 
du

rin
g 

tre
at

m
en

t 
in

fe
ct

io
n 

du
rin

g 
sa

m
pl

e
no

. 
ye

ar
s/

se
x 

ho
sp

ita
liz

at
io

n 
co

nd
iti

on
s 

da
ys

 
da

ys
 

(d
ur

at
io

n,
 d

ay
s)

 
ho

sp
ita

liz
at

io
n 

(d
ur

at
io

n,
 (d

ay
s)

 
ho

sp
ita

liz
at

io
n 

lo
ca

tio
n 

  1
 

50
/F

 
Sp

on
ta

ne
ou

s 
C

hr
on

ic
 

59
 

4 
C

ef
tri

ax
on

e 
(5

); 
Ac

in
et

ob
ac

te
r  

C
ol

is
tin

 (1
4)

; 
Pr

ov
id

en
ci

a 
R

es
pi

ra
to

ry
 

 
pn

eu
m

ot
ho

ra
x 

ob
st

ru
ct

iv
e 

 
 

M
ox

ifl
ox

ac
in

 (5
); 

ba
um

an
ni

i  
Ti

ge
cy

cl
in

e 
(1

0)
; 

st
ua

rt
ii 

tra
ct

 
 

 
pu

lm
on

ar
y 

 
 

M
er

op
en

em
 (7

) 
(M

D
R

); 
TZ

P 
(1

3)
 

 
 

 
 

di
se

as
e;

   
 

 
 

K
le

bs
ie

lla
  

 
 

 
 

 
O

be
si

ty
 

 
 

 
pn

eu
m

on
ia

e 
 

 
  2

 
83

/M
 

Tr
au

m
at

ic
 

Ep
ile

ps
y;

 
31

 
2 

C
ef

tri
ax

on
e 

(1
2)

 
K

le
bs

ie
lla

 
C

ol
is

tin
 (1

4)
; 

Ps
eu

do
m

on
as

 
R

es
pi

ra
to

ry
 

 
br

ai
n 

in
ju

ry
 

H
TN

 
 

 
 

pn
eu

m
on

ia
e 

Ti
ge

cy
cl

in
e 

(1
0)

 
ae

ru
gi

no
sa

; 
tra

ct
 

 
 

 
 

 
 

(C
R

) 
 

Pr
ov

id
en

ci
a 

 
 

 
 

 
 

 
 

 
st

ua
rt

ii 
  3

 
45

/M
 

Pe
rf

or
at

ed
  

 
38

 
3 

C
ol

is
tin

 (7
) 

K
le

bs
ie

lla
 

R
ec

ar
br

io
 (2

1)
; 

Ac
in

et
ob

ac
te

r 
R

es
pi

ra
to

ry
 

 
co

lo
ni

c 
 

 
 

 
pn

eu
m

on
ia

e 
Li

ne
zo

lid
 (1

4)
 

ba
um

an
ni

i 
tra

ct
 

 
di

ve
rti

cu
lit

is
 

 
 

 
 

(C
R

) 
 

 
  4

 
88

/F
 

Th
er

m
al

 
T2

D
M

; 
  4

 
1 

 
K

le
bs

ie
lla

 
C

ol
is

tin
 (3

); 
‑ 

W
ou

nd
 sw

ab
 

 
bu

rn
s 

H
ea

rt 
fa

ilu
re

 
 

 
 

pn
eu

m
on

ia
e 

Ti
ge

cy
cl

in
e 

(2
) 

 
 

 
 

 
 

 
 

(C
R

) 
 

 
  5

 
57

/M
 

Tr
au

m
at

ic
 

 
27

 
1 

C
ef

tri
ax

on
e 

(1
4)

 
K

le
bs

ie
lla

 
R

ec
ar

br
io

 (5
); 

‑ 
R

es
pi

ra
to

ry
 

 
br

ai
n 

in
ju

ry
 

 
 

 
 

pn
eu

m
on

ia
e 

Va
nc

om
yc

in
 (2

) 
 

tra
ct

 
 

 
 

 
 

 
(C

R
) 

 
 

  6
 

40
/M

 
Se

pt
ic

 
H

er
oi

n 
 

11
 

3 
C

ef
tri

ax
on

e 
(1

) 
Es

ch
er

ic
hi

a 
co

li 
C

ol
is

tin
 (1

0)
; 

‑ 
R

es
pi

ra
to

ry
 

 
ar

th
rit

is
 

ad
di

ct
io

n;
 

 
 

 
ES

B
L;

 
tig

ec
yc

lin
e 

(1
0)

 
 

tra
ct

, w
ou

nd
 

 
of

 th
e 

hi
p 

H
ep

at
iti

s C
  

 
 

 
K

le
bs

ie
lla

  
 

 
sw

ab
 

 
 

vi
ru

s 
 

 
 

pn
eu

m
on

ia
e 

 
 

 
 

 
 

in
fe

ct
io

n 
 

 
 

(C
R

) 
 

 
  7

 
74

/M
 

Tr
au

m
at

ic
 

A
lc

oh
ol

is
m

; 
53

 
2 

C
ef

tri
ax

on
e 

(7
) 

K
le

bs
ie

lla
 

C
ol

is
tin

 (1
4)

 
Bu

rk
ho

ld
er

ia
 

R
es

pi
ra

to
ry

 
 

br
ai

n 
in

ju
ry

 
H

TN
 

 
 

 
pn

eu
m

on
ia

e 
 

tig
ec

yc
lin

e 
(1

4)
 

ce
pa

ci
a 

co
m

pl
ex

 
tra

ct
 

 
 

 
 

 
 

(C
R

) 
 

 
  8

 
69

/M
 

Po
ly

tra
um

a 
 

31
 

4 
C

ef
tri

ax
on

e 
(6

) 
Ac

in
et

ob
ac

te
r 

C
ol

is
tin

 (1
0)

; 
Ps

eu
do

m
on

as
 

R
es

pi
ra

to
ry

 
 

 
 

 
 

 
ba

um
an

ni
i  

tig
ec

yc
lin

e 
(1

0)
; 

ae
ru

gi
no

sa
 

tra
ct

 
 

 
 

 
 

 
(M

D
R

); 
TZ

P 
(1

4)
 

 
 

 
 

 
 

 
 

K
le

bs
ie

lla
  

 
 

 
 

 
 

 
 

 
pn

eu
m

on
ia

e 
 

 



DIAC et al:  ASSESSING O.K.N.V.I. RESIST‑5 PERFORMANCE FOR POST‑MORTEM BIOLOGICAL SAMPLES6

Ta
bl

e 
I. 

C
on

tin
ue

d.

 
 

 
 

 
Po

st
‑ 

Em
pi

ric
al

 
Po

si
tiv

e 
Ta

rg
et

ed
 

 
 

 
 

 
H

os
pi

ta
l 

m
or

te
m

 
an

tim
ic

ro
bi

al
 

m
ic

ro
bi

ol
og

y 
an

tim
ic

ro
bi

al
 

Su
pe

rim
po

se
d 

C
R

 p
os

iti
ve

Pa
tie

nt
 

A
ge

, 
C

au
se

 o
f 

Pr
e‑

ex
is

tin
g 

st
ay

, 
in

te
rv

al
,  

tre
at

m
en

t 
du

rin
g 

tre
at

m
en

t 
in

fe
ct

io
n 

du
rin

g 
sa

m
pl

e
no

. 
ye

ar
s/

se
x 

ho
sp

ita
liz

at
io

n 
co

nd
iti

on
s 

da
ys

 
da

ys
 

(d
ur

at
io

n,
 d

ay
s)

 
ho

sp
ita

liz
at

io
n 

(d
ur

at
io

n,
 (d

ay
s)

 
ho

sp
ita

liz
at

io
n 

lo
ca

tio
n 

  9
 

37
/F

 
Th

er
m

al
 

 
58

 
6 

C
ef

tri
ax

on
e 

(6
) 

Es
ch

er
ic

hi
a 

co
li 

C
ol

is
tin

 (1
0)

; 
Ps

eu
do

m
on

as
 

W
ou

nd
 sw

ab
 

 
bu

rn
s 

 
 

 
 

(E
SB

L)
; 

tig
ec

yc
lin

e 
(1

4)
; 

ae
ru

gi
no

sa
  

 
 

 
 

 
 

 
Ac

in
et

ob
ac

te
r  

TZ
P 

(8
) 

(M
D

R
) 

 
 

 
 

 
 

 
ba

um
an

ni
i  

 
 

 
 

 
 

 
 

 
(M

D
R

) 
 

 
10

 
89

/M
 

Po
ly

tra
um

a 
 

49
 

3 
C

ef
tri

ax
on

e 
(1

0)
; 

Ps
eu

do
m

on
as

 
C

ol
is

tin
 (1

0)
; 

K
le

bs
ie

lla
 

R
es

pi
ra

to
ry

 
 

 
 

 
 

M
ox

ifl
ox

ac
in

 (1
4)

 
ae

ru
gi

no
sa

  
TZ

P 
(1

4)
 

pn
eu

m
on

ia
e 

tra
ct

 
 

 
 

 
 

 
(M

D
R

); 
 

(C
R

) 
 

 
 

 
 

 
 

Ac
in

et
ob

ac
te

r  
 

 
 

 
 

 
 

 
 

ba
um

an
ni

i 
 

 
11

 
54

/M
 

M
en

in
go

en
ce

‑ 
T2

D
M

;  
13

 
5 

M
er

op
en

em
 (3

) 
Sa

lm
on

el
la

 sp
p.

 
M

er
op

en
em

 (1
0)

; 
Ac

in
et

ob
ac

te
r 

R
es

pi
ra

to
ry

 
 

ph
al

iti
s 

H
TN

 
 

 
 

 
va

nc
om

yc
in

 (1
0)

; 
ba

um
an

ni
i 

tra
ct

 
 

 
 

 
 

 
 

le
vo

flo
xa

ci
n 

(7
) 

 
12

 
59

/M
 

Th
er

m
al

 
T2

D
M

;  
79

 
2 

C
ef

tri
ax

on
e 

(1
4)

 
Ps

eu
do

m
on

as
 

TZ
P 

(1
4)

; 
K

le
bs

ie
lla

  
R

es
pi

ra
to

ry
 

 
bu

rn
s 

O
be

si
ty

 
 

 
 

ae
ru

gi
no

sa
  

Va
nc

om
yc

in
 (1

0)
 

pn
eu

m
on

ia
e 

tra
ct

 
 

 
 

 
 

 
(M

D
R

); 
 

(C
R

) 
 

 
 

 
 

 
 

Ac
in

et
ob

ac
te

r  
 

A
. b

au
m

an
ni

i 
 

 
 

 
 

 
 

ba
um

an
ni

i 
 

 
13

 
75

/M
 

Tr
au

m
at

ic
 

C
irr

ho
si

s 
55

 
1 

C
ip

ro
flo

xa
ci

n 
(7

) 
Pr

ot
eu

s  
A

m
ox

ic
ill

in
 

Pr
ov

id
en

ci
a 

R
es

pi
ra

to
ry

 
 

br
ai

n 
in

ju
ry

 
 

 
 

 
m

ir
ab

ili
s  

cl
av

ul
an

at
e 

(1
4)

 
st

ua
rt

ii 
(C

R
) 

tra
ct

 
 

 
 

 
 

 
(e

xt
en

de
d 

 
 

 
 

 
 

 
 

 
 

sp
ec

tru
m

  
 

 
 

 
 

 
 

 
 

be
ta

‑la
ct

am
as

e)
 

 
 

14
 

67
/F

 
Sm

ok
e 

H
TN

 
10

7 
3 

D
ox

yc
yc

lin
e 

(1
0)

; 
Ac

in
et

ob
ac

te
r 

TZ
P 

(1
4)

; 
K

le
bs

ie
lla

  
R

es
pi

ra
to

ry
 

 
in

ha
la

tio
n 

 
 

 
Le

vo
flo

xa
ci

n 
(7

); 
ba

um
an

ni
i 

C
ol

is
tin

 (1
4)

 
pn

eu
m

on
ia

e 
 

tra
ct

 
 

 
 

 
 

TZ
P 

(1
0)

 
Ps

eu
do

m
on

as
  

 
(C

R
) 

 
 

 
 

 
 

 
ae

ru
gi

no
sa

 
 

 

C
R

, c
ar

ba
pe

ne
m

‑r
es

is
ta

nt
; H

TN
, a

rte
ria

l h
yp

er
te

ns
io

n;
 C

O
PD

, c
hr

on
ic

 o
bs

tru
ct

iv
e 

pu
lm

on
ar

y 
di

se
as

e;
 T

2D
M

, T
yp

e 
2 

di
ab

et
es

 m
el

lit
us

; M
D

R
, m

ul
tid

ru
g‑

re
si

st
an

t; 
TZ

P,
 p

ip
er

ac
ill

in
/ta

zo
ba

ct
am

; N
/A

, n
ot

 
ap

pl
ic

ab
le

.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  27:  14,  2024 7

For tests performed on‑site from post‑mortem biological 
samples (Test I results‑interpretation), eight false negative 
results were obtained: Five for NDM; two for OXA‑48; and 
one for VIM. Five false negative results were found in cases 
that received CO for at least 10 days (two NDM false negative 
results from cases with a combination of antibacterial therapy 
with TZP for 14 days; one NDM and one OXA‑48 false negative 
result from cases with a combination of antibacterial therapy 
with TZP for 13 days and TG for 10 days). Two false negative 
results (one VIM and one NDM) were encountered in a case 
that received RECARBRIO for 5 days and Vanco for 2 days 
before death, and an OXA‑48 false negative in a case with the 
following antibacterial therapy: TZP for 14 days and Vanco for 
10 days. True negative results for all five carbapenemases were 
found in four samples, three samples from cases that received 
a combination of antibacterial therapy with CO and TG for at 
least 10 days, with or without TZP, and one sample from a case 
with RECARBRIO for 21 days (Table SI).

Time to sampling (PMI). The present study aimed also to 
evaluate whether the PMI had any influence on the results 
of the O.K.N.V.I. RESIST‑5 performed on‑site (Test I) or 
from a pure culture (Test II). Given the small sample size 
consistent results were computed without statistical tests for 
each carbapenemase type, the true negative and true positive 
results were both considered as concordance of tests. Due to 
the small sample size, we took into account the length of time 
between death and biological sample collection (postmortem 
interval‑PMI) as a binary variable dividing the samples into 

two groups (PMI under/over 24 h) (Table II) and used 2x5 
contingency table with Fisher's exact test (Table SII) to deter‑
mine if there was a significant association with concordance 
(C) for each type of carbapenemase. The O.K.N.V.I. RESIST‑5 
test concordance for each carbapenemase type does not seem 
to differ with PMI groups, respectively with time elapsed from 
death to biospecimen collection (P=0.989).

Sensitivity and Specificity of O.K.N.V.I. RESIST‑5 tests. The 
number of positive and negative results for the O.K.N.V.I. 
RESIST‑5 tests performed during both Test I and II are shown 
in Table II.

The sensitivity, specificity, positive predictive value and 
negative predictive value of the O.K.N.V.I. RESIST‑5 tests 
performed on‑site from a biological sample were computed 
for each of the types of carbapenemase (IMP, VIM, NDM, 
KPC and OXA‑48) and obtained via the positive and negative 
results of both sets of O.K.N.V.I. RESIST‑5 tests, Test II values 
serving as standard (Table III). The O.K.N.V.I. RESIST‑5 tests 
performed on‑site from biological samples (Test I) showed an 
overall sensitivity of 92.3% with 100% specificity, 100% posi‑
tive predictive value and an 80.0% negative predictive value.

Discussion

Carbapenem‑resistant strains are increasingly described in 
both hospital and community‑acquired infections (24) as well 
as in animal reservoirs (25). Consequently, medical negligence 
accusations focusing on healthcare‑associated infections that 

Figure 3. Some of the samples require inoculation and incubation on an additional agar plate to obtain pure cultures for microorganism identification. 
Rapid tests were performed separately for each of the pure cultures obtained. Test I: O.K.N.V.I. RESIST‑5 from a bronchial swab was positive for KPC and 
OXA‑48. After 24 h of incubation, two types of colonies grew on the agar plate: Klebsiella pneumoniae (white arrow) and Escherichia coli (black arrow). 
Test II: O.K.N.V.I. RESIST‑5 performed on the Klebsiella pneumoniae pure culture was positive for NDM and KPC. The O.K.N.V.I. RESIST‑5 for E. coli was 
positive for NDM and OXA‑48. NDM was missed by the first rapid test and classified as a false negative. KPC and OXA‑48 were both correctly identified 
(true positives) on Test I despite the carbapenem resistance coming from two different CR strains. KPC, Klebsiella pneumoniae carbapenemase; OXA‑48, 
oxacilinase‑48; NDM, New Delhi metallo‑β‑lactamase.
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go unnoticed or untreated are becoming prominent issues in 
forensic medicine. Thus, post‑mortem bacteriology analysis 
is of paramount importance both in establishing the cause of 
death and, in a wider sense, identifying CR strain outbreaks 
in hospitals.

Post‑mortem bacteriology is rarely requested during 
medico‑legal autopsies at The Mina Minovici National 
Institute of Legal Medicine where the present study was 
performed (26) due to its costly and time‑consuming nature. 
However, rapid diagnostic tests are emerging, some with 
applications in forensic medicine (12‑15,23). The present 
study aimed to assess their performance in the detection of 
carbapenem‑resistant strains from post‑mortem samples 
(bronchial swabs, wound swabs and meningeal fluid) without 
the need for incubation, isolation and identification. Blood 
cultures were also collected for each case without being 
included in the O.K.N.V.I. RESIST‑5 testing sequence, due to 
the potentially lower concentration of microorganisms. The 
overall sensibility and sensitivity of the O.K.N.V.I. RESIST‑5 
tests performed on‑site were satisfactory.

The O.K.N.V.I. RESIST‑5 tests we used in the current 
study could identify up to five CR strains. However, as no 
IMP‑producing strains were recovered and only two VIM 
strains among the 19 samples were collected, we hypothesise 
that less specialized versions of multiplex tests like RESIST‑4 
OKNV (27) or RESIST‑3 OKN (28) may be sufficient for 
post‑mortem screening of CR strains.

Traditionally, POC tests guide the course of treatment. The 
present study proposes a legal‑medicine‑oriented application by 
guiding the course of complementary examinations for deter‑
mining probable cause of death. For example, in medico‑legal 
cases with macroscopic signs of infection (with or without a 
previously identified causative agent), positive screening for 
carbapenem resistance could guide the pathologist towards 
requesting a complete post‑mortem microbiology assessment.

Although limited by the small sample size, the present 
results showed a good correlation between the tests performed 
on‑site from biological samples (‘point of autopsy’) and results 
from pure cultures after 24‑48 h of incubation.

In medico‑legal autopsies, the pathologist often needs 
to answer questions regarding the contribution of health‑
care‑associated infections to thanatogenesis. On the one hand, 

a legislative framework provides specific case definitions 
based on clinical and laboratory findings recorded during 
hospitalization. On the other, post‑mortem analysis is of 
tantamount importance in determining if correct in‑hospital 
management was achieved regarding the diagnosis and treat‑
ment of healthcare‑associated infections.

Performing O.K.N.V.I. RESIST‑5 tests on biological 
samples collected on‑site during medico‑legal autopsy are 
easy, fast and inexpensive. The results obtained through rapid 
tests using post‑mortem impure samples are comparable 
to results from sample cultures with good sensitivity and 
specificity. Through post‑mortem screening for carbapenem 
resistance, it is possible to improve the screening of cases that 
require further bacteriological assessment. Nonetheless, larger 
studies are required to confirm the present findings.
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Table III. The sensitivity, specificity, positive predictive value, negative predictive value and accuracy of the O.K.N.V.I.

 Sensitivity, % Specificity, % Positive predictive Negative predictive Accuracy %
Carbapenemase (95% CI) (95% CI) value, % (95% CI) value, % (95% CI) (95% CI)

IMP N/A N/A ‑ ‑ ‑
VIM 50.0 (1.3‑98.7) 100 (78.2‑100) 100 (2.5‑100) 93.8 (69.8‑99.8) 94.1 (71.3‑99.9)
NDM 50.0 (18.7‑81.3) 100 (59.0‑100) 100 (47.8‑100) 58.3 (34.8‑93.3) 70.6 (44.0‑89.7)
KPC 100 (39.8‑100) 92.9 (66.1‑99.8) 75.0 (29.0‑100)  100 (76.8‑100) 94.1 (71.3‑99.9)
OXA‑48 75.0 (44.0‑97.5) 77.8 (30.8‑89.1) 75.0 (54.1‑100) 77.8 (66.4‑100) 76.5 (50.1‑93.2)
O.K.N.V.I. RESIST‑5 92.3 (63.9‑99.81) 100 (39.8‑100) 100 (73.5‑100) 80.0 (37.9‑96.3) 94.12 (71.3‑99.9)

RESIST‑5 tests performed on‑site from a biological sample (Test I) were computed for each of the carbapenem‑resistant strains (IMP, VIM, NDM, 
KPC and OXA‑48) and overall for the test kit. N/A, not applicable. IMP, imipenemase; VIM, Verona integron‑encoded metallo‑β‑lactamase; 
NDM, New Delhi metallo‑β‑lactamase; KPC, Klebsiella pneumoniae carbapenemase; OXA‑48, oxacilinase‑48.
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