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Background: Several generic meropenem formulations have been approved by Thai Food and Drug Adminis-
tration, Ministry of Public Health since 2008. Meropenem is a parenteral drug. Therefore, a study demonstrat-
ing a biological equivalence of generic meropenem is not required for drug registration in Thailand. The
objective of the study was to determine microbiological equivalence of serum bacteriostatic and bactericidal
activities of the sera from healthy volunteers receiving original meropenem (Meronem®) and generic meropenem
(MeroR).

Material and Method: This was a randomized crossover study in 16 adult healthy volunteers. Each subject
received one gram of Meronem® and Mero® in 50 ml of normal saline via intravenous infusion for 30 minutes.
The blood samples were drawn at baseline prior to receiving the study drug, at 30 minutes after initiating
infusion, and at 8 hours after initiating infusion. The serum bacteriostatic activity against E. coli ATCC
25922, K. pneumoniae, P. aeruginosa ATCC 27853 and A. baumannii was performed by disk diffusion The
serum bactericidal activity against E. coli ATCC 25922 was performed by Serum Bactericidal Titre.
Results: The average inhibition zone diameter of the serum samples from the subjects while receiving Mero®?
against each tested organisms was < 1 mm smaller than that while receiving Meronem® and such difference
was not significantly different. All serum samples taken at 30 minutes after initiating Meronem® and MeroR
had bactericidal titres against E. coli ATCC 25922 > 1:256. Only 3 serum samples taken from the subjects
while receiving Mero® at 8 hours had less bactericidal titre for 1-fold dilution when compared with that of
MeronemR.

Conclusion: The sera from healthy volunteers receiving Meronem® and Mero® had microbiological equiva-
lence in terms of serum bacteriostatic and bactericidal activities.
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tive pathogens, including extended-spectrum beta-
lactamase (ESBL)- and Amp C-producing Enterobacte-
riaceae, Pseudomonas aeruginosa and anaerobes.
Meropenem is indicated in complicated intra-abdomi-
nal infection, complicated skin and skin structure in-

Meropenem is antibacterial agent of the
carbapenems'". Meropenem has a broad spectrum of
in vitro activity against Gram-positive and Gram-nega-
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fection, bacterial meningitis, nosocomial pneumonia,
septicaemia, febrile neutropenia, complicated urinary
tract infection, obstetric and gynaecological infections
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as well as empiric therapy of gram negative nosocomial
infections and febrile neutropenia. Meropenem is a
member drug in category D of the national drug list of
Thailand. At Siriraj Hospital, meropenem is approved
to be used for 1) confirmed or suspected infection
due to P. aeruginosa, 2) infection due to pathogen
resistant to cephalosporins, aminoglycosides and
fluoroquinolones, 3) empiric therapy for febrile neutro-
penia, 4) infection due to the pathogen susceptible to
other antibiotics but when the patient is unable to re-
ceive such antibiotics, 5) empiric therapy of nosoco-
mial infection not responding to other antibiotics, 6)
infection due to pathogen resistant to a combination
of beta-lactam and beta-lactamase inhibitor and 7) se-
vere infection due to extended spectrum beta-lactamase
(ESBL)-producing pathogens.

The original product of meropenem is
Meronem® from an innovator pharmaceutical company
that has been used in Siriraj Hospital for many years.
The cost of the original meropenem in Thailand is still
high. In 2008, several generic products of meropenem
were approved by Thai Food and Drug Administration
(FDA), Ministry of Public Health and became available
in many hospitals. Meropenem is a parenteral drug.
Therefore, a study demonstrating a biological equiva-
lence of generic meropenem is not required for drug
registration in Thailand. Although several generic for-
mulations of meropenem had shown biological equiva-
lence to original formulation of meropenem®, both
original and generic formulations may not have micro-
biological equivalence in terms of bacteriostatic and
bactericidal activities.

The objective of the study was to determine
microbiological equivalence of bacteriostatic and bac-
tericidal activities of the sera from healthy volunteers
receiving original meropenem (Meronem®) and generic
meropenem (Mero®).

Material and Method

The study was approved by Siriraj Institu-
tional Review Board and it was conducted at Siriraj
Clinical Research Center and Microbiology Laboratory
of Division of Infectious Diseases and Tropical Medi-
cine, Department of Medicine, Faculty of Medicine
Siriraj Hospital.

Study Population

The study was conducted in the volunteers
aged 18 to 45 years who had a body mass index of 18 to
25 kg/m?. All subjects were healthy, had no history of
beta-lactam allergy and had not received any medica-
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tions over the past 14 days prior to receiving the study
drugs. It was estimated that 16 subjects were needed,
based on the assumptions that the difference in the
average inhibition zone diameters of the sera from
healthy volunteers receiving original meropenem and
generic meropenem was within 2 mm; a standard error
of inhibition zone diameter was 2 mm with 5% type I
and 20% type Il error.

Study Medications

The original meropenem was Meronem®
(AstraZeneca Co Ltd) and the generic meropenem was
MeroR (Swiss Parenteral Co Ltd). Each subject received
one gram of Meronem® and Mero® in 50 ml of normal
saline via intravenous infusion for 30 minutes.

Study Procedures

Clinical Study

This was a randomized crossover study with
a wash-out period of 7 days. Each subject had 20 ml of
blood samples drawn at baseline prior to receiving the
study drug, at 30 minutes after initiating meropenem
infusion and at 8 hours after initiating meropenem infu-
sion. The sera were separated and kept at -70°C before
microbiological testing. Each subject was asked about
any new symptoms experienced while receiving the
study drugs.

Microbiological Study: Serum Bacterio-
static Activity by Disk Diffusion

The test was undertaken on the plate con-
taining 10 ml of Mueller Hinton agar (Oxoid, UK) with
10° CFU/ml of E. coli ATCC 25922, Klebsiella
pneumoniae (clinical isolate), Pseudomonas
aeruginosa ATCC 27853 and Acinetobacter baumannii
(clinical isolate). All bacterial isolates were susceptible
to meropenem with minimum inhibitory concentration
(MIC) of meropenem 0f0.012,0.016, 0.094 and 0.19 mg/
1 for E. coli ATCC 25922, K. pneumoniae, P. aeruginosa
ATCC 27853 and A. baumannii respectively. Four blank
paper disks with diameter of 6 mm were placed on
Mueller Hinton agar plate. Twenty-five microlitres of
the sera taken from the same subject at the same blood
drawing point were inoculated on the blank paper disks
on the same plate. The plate was incubated at 35[1C for
16 to 18 hours. The inhibition zone diameter was mea-
sured by vernier caliper and recorded.

Microbiological Study : Serum Bactericidal

Activity by Serum Bactericidal Titre
Each serum sample was diluted with the pool
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serum samples taken from all subjects prior to receiv-
ing the study drug in order to achieve the final dilution
titres from 1:2, 1:4, 1:8, 1:16, 1:32, 1:64, 1:128 and 1:256.
Each test tube contained 0.5 ml of the diluted serum
sample and it was inoculated with 0.5 ml of E. coli
ATCC 25922 at 10° CFUs/ml. The tube containing se-
rum sample and bacteria was incubated at 35°C for 16
to 18 hours. Then, 10 microlitre of the inoculated serum
sample was inoculated onto blood agar plate and the
plate was incubated at 35°C for 16 to 18 hours. A serum
bactericidal activity was present if < 5 bacterial colo-
nies were found on the blood agar plate (> 99.5% bac-
terial killing).

Data Analysis
The inhibition zone diameters were compared
by student t-test.

Results
Serum Bacteriostatic Activity

The average inhibition zone diameters of
the serum samples from the subjects while receiving
Meronem® and Mero® against E. coli ATCC 25922, K.
pneumoniae, P. aeruginosa ATCC 27853 and A.
baumannii are shown in Table 1 to 4. The average
inhibition zone diameters of the serum samples from
the subjects while receiving Mero® against each tested
bacteria was < 1 mm smaller than that from the subjects

while receiving MeronemR. The difference of the aver-
age inhibition zone diameters of the serum samples
from the subjects while receiving Meronem® and Mero®
was not significantly different.

Serum Bactericidal Activity

Bactericidal activity of the serum samples from
the subjects while receiving Meronem® and Mero®?
against E. coli ATCC 25922 are shown in Table 5 and 6.
All serum samples collected at 30 minutes after initiat-
ing Meronem® and Mero® had bactericidal titres >1:256.
Only 3 serum samples taken from the subjects while
receiving Mero® at 8 hours had less bactericidal titre
for 1-fold dilution when compared with that of
Meronem®.

Adverse Events

Five subjects had adverse events (back pain,
dizziness, headache, pain at injection site) while re-
ceiving Meronem®. Two subjects had adverse events
(dizziness, hypotension) while receiving Mero®. All
adverse events were mild and transient without any
specific treatments.

Discussion

An ideal generic drug product is one that is
chemically equivalent, bioequivalent and therapeuti-
cally equivalent to an innovator or first version of the

Table 1. Serum bacteriostatic activity against E. coli ATCC 25922

Drug Mean (standard deviation) of inhibition zone (mm)
Baseline 30 min after initiating infusion 8 h after initiating infusion
Meronem® no zone 29.4(3.2) 10.6 (2.6)
Mero® no zone 29.2 (3.0) 10.1 (3.1)
p 0.88 0.62

Table 2. Serum bacteriostatic activity against Klebsiella pneumoniae

Drug Mean (standard deviation) of inhibition zone (mm)
Baseline 30 min after initiating infusion 8 h after initiating infusion
Meronem® no zone 16.0 (1.3) 7.8 (1.9)
Mero® no zone 15.6 (0.9) 7.7 (2.1)
p 0.36 0.85
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Table 3. Serum bacteriostatic activity against Pseudomonas aeruginosa ATCC 27853

Drug Mean (standard deviation) of inhibition zone (mm)
Baseline 30 min after initiating infusion 8 h after initiating infusion
Meronem® no zone 33.8(1.9) no zone
Mero® no zone 33.1(1.7) no zone
p 0.33
Table 4. Serum bacteriostatic activity against Acinetobacter baumannii
Drug Mean (standard deviation) of inhibition zone (mm)
Baseline 30 min after initiating infusion 8 h after initiating infusion
Meronem® no zone 22.7(1.9) no zone
Mero® no zone 22.5(1.7) no zone
p 0.82

Table 5. Serum bactericidal titre against E. coli ATCC 25922 from the subjects receiving Meronem®

Subject Baseline 30 min after initiating infusion 8 h after initiating infusion
1 <1:2 >1:256 1:4
2 <1:2 >1:256 1:8
3 <1:2 >1:256 1:8
4 <1:2 >1:256 1:4
5 <1:2 >1:256 1:4
6 <1:2 >1:256 1:8
7 <1:2 >1:256 1:2
8 <1:2 >1:256 1:4
9 <1:2 >1:256 1:4
10 <1:2 >1:256 1:8
11 <1:2 >1:256 1:8
12 <1:2 >1:256 1:2
13 <1:2 >1:256 1:2
14 <1:2 >1:256 1:4
15 <1:2 >1:256 1:4
16 <1:2 >1:256 1:8

drug product approved by the FDA. If a generic drug
is clearly shown to be chemically equivalent,
bioequivalent and therapeutically equivalent to an origi-
nal drug, it can be substituted for the original product
with much lower cost. Although the randomized con-
trolled trial of generic meropenem is ideal for assessing
a therapeutic equivalence, it is not feasible because
the study needs a large number of patients, has a very
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high cost and requires a long duration of study. More-
over, the data on therapeutic equivalence of generic
drug from randomized controlled trials are not required
for drug registration with Thai FDA. Neither is
bioequivalence study of a generic intravenous drug
required for drug registration. Bioequivalence study of
an oral generic drug is mandatory for drug registration
in Thailand. Measurement of serum levels or a
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Table 6. Serum bactericidal titre against E. coli ATCC 25922 from the subjects receiving Mero®

Subject Baseline 30 min after initiating infusion 8 h after initiating infusion
1 <1:2 >1:256 1:4
2 <1:2 >1:256 1:8
3 <1:2 >1:256 1:4%
4 <1:2 >1:256 1:4
5 <1:2 >1:256 1:4
6 <1:2 >1:256 1:4%
7 <1:2 >1:256 1:2
8 <1:2 >1:256 1:2%
9 <1:2 >1:256 1:4
10 <1:2 >1:256 1:8
11 <1:2 >1:256 1:8
12 <1:2 >1:256 1:2
13 <1:2 >1:256 1:2
14 <1:2 >1:256 1:4
15 <1:2 >1:256 1:4
16 <1:2 >1:256 1:8

* serum bactericidal titre was 1-fold dilution less than that while receiving Meronem®

bioequivalence study of non-antibiotic generic drugs
is logical since their activity is quite difficult to deter-
mine. However, antimicrobial activity of generic antibi-
otics can be easily determined and their antimicrobial
activity can be compared with that of the original anti-
biotic. This type of study could be called microbiologi-
cal equivalence. Zuluaga AF et al reported an applica-
tion of microbiological assay to determine pharmaceu-
tical equivalence of generic intravenous antibiotics™.
The proposed method was based on the concentra-
tion-dependent variation of the inhibitory effect of an-
tibiotics on reference bacteria (B. subtilis ATCC 6633,
S.aureus ATCC 6538p and S. epidermidis ATCC 12228)
in a seeded agar, producing a concentration-response
linear relationship with two parameters: y-intercept (con-
centration) and slope (potency). The proposed method
allowed rapid, cost-saving, precise, and accurate de-
termination of pharmaceutical equivalence of drugs in
pharmaceutical dosage-form, and may be used as a
technique for testing generic antibiotics prior to their
approval for human use. However, such a proposed
method is still an in vitro test and its results may not
reflect microbiological activity in vivo. The method used
in our study should be more valid because 1) we used
the serum samples collected from the subjects who
received original and generic antibiotics instead of us-
ing the original and generic drugs for direct testing, 2)
we used the organisms that were the target of the study
drug, and 3) we determined bactericidal activity in ad-
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dition to bacteriostatic activity. We proposed serum
bactericidal activity assay as a method to determine
microbiological equivalence because the serum bacte-
ricidal titres were found to be associated with micro-
biological and clinical outcomes of treatment of sev-
eral bacterial infections in some other studies®'?.

The methodology for determining serum bac-
teriostatic activity by disk diffusion was simple and
more practical than the method that made a hole on
agar for inoculating the serum®. The inhibition zone of
meropenem against E. coli ATCC 25922 from the serum
at 30 minutes and 8 hours after initiating meropenem
infusion in our study was smaller because the volume
of the serum sample used in our study was only 50% of
that from another study®. For more resistant organ-
isms, i.e. P. aeruginosa and A. baumannii, we were
unable to detect the inhibition zone because the amount
of the serum sample was too small. Therefore, a larger
blank paper disk as well as more volume of serum would
be needed in order to determine the inhibition zone at 8
hours after initiating meropenem infusion. However,
the detected inhibition zones of Meronem® and Mero®
were not statistically or clinically different.

The methodology for determining serum bac-
tericidal activity by serum bactericidal titre was also
simple and practical. Since we used a very susceptible
organism (E. coli ATCC 25922 with meropenem MIC
0f0.012 mg/1), we were able to detect very high serum
bactericidal titres at 30 minutes after initiating mero-
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penem infusion (> 1:256) and lower titres (1:2 to 1:8) at
8 hours after initiating meropenem infusion. The exact
serum bactericidal titres were not observed because
we did not prepare the serum samples with more dilu-
tion than 1:256. Therefore, one should be aware of this
observation and should prepare the serum samples for
at least 2 more dilutions, i.€. 1:512 and 1:1,024 for future
testing. However, it was observed that serum bacteri-
cidal titre >1:8 was sufficient to achieve a favourable
treatment outcome®®'?. We observed that three serum
samples taken from the subjects while receiving Mero®
at 8 hours had lower bactericidal titre when compared
with that of Meronem®. This should be considered as a
non-significant difference since a difference was only
1-fold dilution and it could be simply due to a technical
problem from diluting the sample. However, several
serum samples taken from the subjects while receiving
Meropenem at 8 hours had serum bactericidal titre of
only 1:2 and such titre could be less than this if the
organism was more resistant. Therefore, if one wants
to have a higher trough serum bactericidal titre, the
dose of meropenem should be more than 1 gram, or the
dosage interval should be less than 8 hours, or
meropenem should be given as prolonged infusion or
continuous infusion. It should be mentioned that pro-
longed infusion of meropenem or continuous infusion
of meropenem was associated with better pharmaco-
dynamics and better clinical outcomes when compared
with a conventional dose of meropenem given as inter-
mittent intravenous injection"!?,

We found that the methodology used for
determining microbiological equivalence of a generic
antibiotic was more relevant, simpler, less expensive
and less time consuming than a conventional
bioequivalence study. Therefore, microbiological
equivalence of generic antibiotics in terms of bacterio-
static and bactericidal activities should be substituted
for bioequivalence study when a therapeutic equiva-
lence study is not feasible.

In conclusion, the sera from healthy volun-
teers receiving Meronem® and Mero® had microbio-
logical equivalence in terms of serum bacteriostatic and
bactericidal activities.
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AN TENT B9V LS TauasgnBYNaE TauuATI s e FanTaenaasiAs A LIEN
AUBLLLNDITWLLN (1nalsiun) uazegINinalsnius (iuals)

w0y 855NRTANA, 571 AiBUNTN, TTAUA LAANAS, WSAT TUAINIMUNG, ASansa gnEdinyas

ums1: enauiay meropenem wmwmu?mmmﬁmmmnﬂmmsmm?@7‘mmmm NIENTNADIINI
faun w.A. 2551 81 meropenem Wugr@agnaandenan Aoy n19d unzideugsana 19
lumosaayaTaaNy ATt NIANERIAGLsZAaRI NS IR NI TN 98 TIINEN LI AL
meropenem (Meronem”) fiuea12ty meropenem (Merof) Tunseudauasyiagiuynize

S8msAnw: nsAnsilitunisAnmeila randomized crossover lue1aIdATgININUTINUINAILIY 16 AL
ranadhsumazaulasEen Meronem® uaz Mero® 11470 1 ns‘”mm?uu%’rmﬁ@ 50 N VEATIMADABEARTIY
30 wiil Fiuamenanimaiunaulasuen 7l 30 unitaaEue uazi 8 mfmwmmmmmYﬂwmﬂ@uz]VIﬁE/umm@
E. coli ATCC 25922, K. pneumoniae, P. aeruginosa ATCC 27853 uae A. baumannii M98133 disk diffusion
u@zq%?@fnmm%@umﬁﬁﬂ E. coli ATCC 25922 Aagi3s Serum Bactericidal Titre

HAN1SAN®I: JUIAAR L8 inhibition zone diameter vavdiuaineraralarIElATY Mero®
pedeuLaiiGenidaduunmdnnainsAilasy Meronem™ weena1 1 sy uasAwuANANE Willba Aty
AR Fiiuanersadamneed 30 wiiindsEuendqnsiaredauseiide E. colil ATCC 25922 >
1256 SFFuRiUANeIIaTAT 3 718 TuzlafL Mero® 7 8 dalue Jgnvareideuvniiisy E. coli ATCC
25922 etz lad Meronem® 1 A7wABA"g

ag1l: Finaneraradnsnslaiu Meronem® uaz Mero® dparuimniieariunieqadainen luntsdugade
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