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Objectives: To test the activity of tigecycline against
bacterial isolates including multi-drug resistant (MDR)
gram negative and gram positive organisms from
intensive care patients.
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Methods: Clinically significant gram positive and MDR
gram negative isolates from specimens of patients in
the intensive care units of King Khalid University
Hospital (KKUH), Riyadh, Kingdom of Saudi Arbia
between November 1, 2006 and December 31, 2008
were tested against tigecycline by disc diffusion (DD)
method.  In some isolates, the minimal inhibitory
concentration was carried out by E-test method.
Some of the gram negative isolates, and gram positive
isolates were tested using both methods. The study
was approved by the hospital ethics committee.

Results: All the 83 gram positive organisms tested by
both DD and E-test were susceptible to tigecycline. Two
hundred and fifty-four MDR gram negative isolates were
tested for susceptibility to tigecycline. Of these 176 tested
by DD, 159 (90%) were susceptible, 6 (3.4%) were
resistant, and 11 (6.2%) were intermediately susceptible
(data are not the same in table 3). From the 188
isolates tested by E-test, 140 (74.4%) were susceptible,
35 (18.6%) were resistant, and 13 (6.9%) showed
intermediate susceptibility. For comparison between
the methods, 109 isolates of the MDR gram negative
organisms were tested by both E test and DD. The
difference between the 2 methods was not significant.

Conclusion: Tigecycline was active against gram positive
and most MDR gram negative isolates from patients in
medical and surgical intensive cases in KKUH. There
was no significant difference between the DD and E-test
methods for susceptibility testing of tigecycline against
these isolates.
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igecycline  is a noval glycycline derivative of

minocyclic with bacteriostatic broad-spectrum
activity against gram positive and gram negative
bacteria.! It is the first of a new class of antibiotics called
glycyleyclines.” It is active against many otherwise
multi-resistant bacteria including Methicillin resistant
Staphylococci (MRSA), Vancomycin resistant enterococci
(VRE)**and anaerobes.’ Tigecycline is also active against
gram negative bacteria that produce extended spectrum
beta lactamases,® and microorganisms that developed
resistance to tetracyclines as well as intracellular
bacteria,”®* and non-tuberculosis mycobacteria.'
However, the drug is not significantly active against
Proteus species, Morganella species, Providencia species,”'°
and Pseudomonas group of organisms.”'" Tigecycline
inhibits bacterial protein synthesis by blocking the
attachment of aminoacyl tRNA to the A site of the
ribosome preventing the elongation of the peptide
chain.' It evades the 2 bacterial resistance mechanisms
to tetracyclines, namely, ribosomal protection and drug
efflux.' This is because its activity is not affected by the
acquired ribosomal protection tet (M), efflux (A-E), and
tet (K) genes.'>' The drug was approved for use by the
Food and Drug Administration (FDA) in June 2005
and by the European Medicine Agency in April 2006 for
empiric monotherapy of nosocomial and community-
acquired skin, soft tissue, and intra-abdominal
infections. It has also been used to treat infections
including complicated appendicitis, intra-abdominal
and perforated abscesses, deep soft tissue infections,
infected burns, ulcers and surgical wound infections
with suspected or confirmed resistant microorganisms.*
Tigecycline is administered intravenously in an approved
FDA dose of 100 mg loading dose followed by 50 mg
maintenance dose every 12 hours." The side effects of
tigecycline include mild gastrointestinal disturbances
such as vomiting and abdominal pain.' The objective of
this study was to measure and study the 7z vitro activity
of tigecycline against gram positive and multi-drug
resistant (MDR) gram negative bacterial isolates from
different clinical specimens of patients in the intensive
care units of King Khalid University Hospital (KKUH)
in Riyadh, Saudi Arabia.

Methods. Clinically, significant gram positive
organisms and MDR gram negative organisms were
included in this study. All these organisms originated
from patients in different Intensive Care Units of KKUH
during the period of 1 November 2006 to 31 December
2008. King Khalid University Hospital is the main
teaching hospital in Riyadh with 850 bed capacity. It
contains 5 adult and pediatric intensive care units. The
study was approved by the hospital ethics committee
and patient consent was obtained. The authors declare

that they have no conflicting interest, support, or fund
from any drug company.

A total of 83 gram positive organisms and 254 MDR
gram negative organisms were studied. The organisms
were identified by conventional bacteriological methods
and/or the micro scan automated identification machine
(Dade Bering, Siemens Company, Deerfield, IL, USA).
All gram negative isolates were MDR such as resistant to
at least 3 groups of antibiotic usually used for treatment
of infections caused by these organisms. Most of the
Enterobacteriaceae in this study were extended spectrum
beta lactamases producers.

Theanti-microbialsusceptibilityofthebacterialisolates
was performed by the disc-diffusion (DD) comparative
Kirby Bauer method following the Clinical Laboratory
Standard Institute (CLSI) recommendations.'® The
medium used was Mueller Hinton Agar (Oxoid,
Bashingstoke Hmsphire, UK) incubated at 35°C for
24-48 hours. The minimum inhibitory concentration
(MIC) was carried out by E-test method (AB Bio
Disk, 16956 Solna, Sweden). The interpretation of the
susceptibility results was carried out following the CLSI
recommendations for all antimicrobial agents except
tigecycline where the results were interpreted according
to the FDA recommendations.! The following were
used as control organisms: Pseudomonas aeruginosa (R
aeruginosa) (ATCC No. 27853), Escherichia coli (E. coli)
(ATCC No. 25922), Enterococcus faecalis (E. faecalis)
(ATCC No. 29212), Staphylococcus (ATCC No. 29213),
and Klebsiella pneumoniae (K. pneumoniae) (ATCC No.
700603).

Data were analyzed using SPSS version 12.0
(SPSS Inc. Wacker Drive, Chicago, USA) to calculate
the correlation of susceptibility pattern and the type
of errors of isolates tested by MIC method (E-test)
and DD method. Pseudomonas isolates results were
excluded from the analysis since these organisms
are intrinsically resistant to tigecycline. Categorical
agreement was defined if these results were within the
same susceptibility category, and determined by method
in NCCLS M23-A2 and ranked as follows: very major
error, false-susceptible result by the DD test; major
error, false-resistant result produced by the DD test; and
minor error, intermediate result by the DD method,
and a resistant or susceptible category for the E-test.

Results. The sources and identity of the gram
positive organisms are shown in Table 1. Of the 83
gram positive isolates, the highest number (n=24)
were Methicillin sensitive staphylococcus aureus (MSSA),
21 were E. faecalis, while 10 isolates were Methicillin
Resistant Staphylococcus aureus (MRSA). Group A and
Group B Streptococci represented 10 and 8 isolates. The
major source of origin of the isolates was urine followed
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by wound isolates. All these gram positive organisms
were found to be susceptible to tigecycline as tested by
both DD and E test method. The sources and identity
of the MDR gram negative isolates are shown in Table
2. The majority of isolates in descending frequency were
E. coli (n=87), Acinetobacter species (n=85), P aeruginosa
(n=34) and Klebsiella pneumonia (n=24). These isolates
were mainly from deep respiratory sites of patients
representing (n=94) isolates, followed by urine (n=84)
isolates.

Table 3 decipates the activity of tigecycline in 176
MDR gram negative organisms tested by the DD

Table 1 - Sources and identity of the gram positive organisms tested for
tigecycline susceptibility (N=83).

Site / Organisms Total
source MSSA MRSA  GAS GBS E. faecalis
Tissue 1 - - - - 1
Blood 1 - - - - 1
Abscess 5 - 2 - - 7
Wound 7 4 - - 2 13
Throat 1 1 6 - - 8
Respiratory 3 2 - - - 5
Catheter - 1 - - - 1
Tip

Urine - - - 16 19 35
Genital - - - 4 - 4
Skin / Nose 6 2 - - -

Total 24 10 8 20 21 83

MSSA - Methicillin Susceptible Staphylococcus aureus,
MRSA - Methicillin Resistant Staphylococcus aureus, GAS - Group A B
Haemolytic Streptococcus, GBS - Group B B Haemolytic Streptococcus,
E. feacalis - Enterococcus feacalis

method. Tigecycline was 100% active against isolates
of E. coli, K. pneumoniae, Stenotrophomonas maltiphilia
and Enterobacter aerogenes. It was also active against
91% of Acinetobacter species, 50% of Enterobacter cloacae
and as expected only 31% of P aeruginosa isolates
tested were inhibited by tigecycline. As this agent is
known to have less activity against these isolates.

Table 4 shows the susceptibility of the MDR gram
negative isolates carried out by DD method. This is
presented as diameter ranges of inhibition zones of
tigecycline for 50% and 90% of isolates shown in
Table 3. Isolates of Serratia marcescens, chryeobacterum
stenotrophomonas maltophilia and Proteus species used
were omitted due to the small number of these isolates
encountered. The difference between the 2 ranges of
diameters of 50% and 90% of isolates was obvious
for the P aeruginosa (14-16 mm versus 0-8 mm), K.
pneumoniae isolates (25-26 mm versus 20-21 mm)
and Enterobacter species isolates (20-21 mm versus
13-14 mm).

Table 5 shows the activity of tigecycline against 188
isolates of MDR gram negative organisms tested by E
test method. Tigecycline was found to be 100% active
against isolates of K. pneumoniae, Stenotrophomonas
maltophilia and Enterobacter cloacae. It was also
active against 98% of E. coli isolates and 83% active
against Acinetobacter isolates. As expected, tigecycline
was active only against 14% of the P aeruginosa
isolates. Of the 188 MDR isolates tested, 140 (74%)
were susceptible to tigecycline, 13 (6.9%) showed
intermediate susceptibility while 35 (18.6%) were
resistant.

Table 6 shows the MIC 50 and MIC 90 of the
MDR gram negative isolates tested by E test method
as shown in Table 5 (n=184). Isolates of Serratia,

Table 2 - The sources and identity of multidrug resistant (MDR) gram negative isolates tested for tigecycline susceptibility (N=254).

Site/ Stenotro-  Escherichia  Acineto -  Pseudomonas — Chryseo- Klebsiella  Enterobacter ~ Serratia  Proteus Total
Source phomonas coli bacter aeruginosa  bacterium  pneumoniae species species
maltophilia species species
Blood - 3 1 - - 1 - - - 5
Body Fluids 2 1 2 - - - - - - 5
Catheter site - 2 3 - - : - - - 5
Catheter tip - 1 2 - - - - - 3
Deep resp. site 4 10 52 18 1 7 1 - 94
Super sw. - 4 4 2 1 4 4 - - 19
Tissue 1 - - - - - - - - 1
Trach. site - - 1 - - - - - 2
Urine 1 56 12 - - 2 1 84
Wound - 10 8 - 4 5 - - 36
Total 8 87 85 34 2 24 10 3 1 254
Deep resp. site - deep respiratory sites, Trach - tracheal site
20 Saudi Med ] 2010; Vol. 31 (1)  www.smj.org.sa
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Chryseobacterium and Proteus were excluded due to
their small numbers. The difference between MIC 50
and MIC 90 was clear in Pseudomonas and Acinetobacter
isolates.

Table 7 shows the comparison of results of testing of
tigecycline in 109 strains carried out by both E-test and
DD methods. As shown in Table 7, 109 isolates of the
188 tested by E-test were also tested by DD methods.
The discrepancy between the 2 methods was as follows:

4 isolates which were susceptible by DD method were
resistant by E-test method showing a major error of
4%. A minor error of DD intermediate susceptibility
E-test resistance or susceptibility, DD susceptibility
or resistant, but E-test intermediately susceptible was
shown in 18 (17%) of the isolates. Therefore, there
were no significant differences between the 2 methods
in detecting resistance to tigecycline in MDR gram
negative bacteria.

Table 3 - Activity of tigecycline against multi-drug resistant gram negative isolates tested by disc-diffusion

method (N=176).

Organisms E - test Susceptible
Susceptible Intermediate Resistant Total %
resistance
Stenotrophomonas 37 37 100
Escherichia coli 86 86 100
Acinetobacter Species 30 3 33 91
Pseudomonas aeruginosa 5 10 1 16 31
Klebsiella pnewmonia 24 24 100
Enterobacter cloacae 3 1 2 6 50
Enterobacter aerogenes 4 4 100
Total 159 11 6 176 90

Table 4 - Ranges of zone diameter of inhibition of tigecycline against multi-drug resistant gram negative

organism in mm (N=168).

Organisms Range zone diameter Range zone diameter Total number of
50% 90% isolates
Escherichia coli 25-26 23-24 86
Acinetobacter spp 21-22 18-19 32
Pseudomonas spp 14-16 0.0-8 16
Klebsiella pnewmonia 25-26 20-21 24
Enterobacter species 20-21 13-14 10

Table 5 - Activity of tigecycline against multi-drug resistant gram negative isolates determined by E-test

(N=188).
Isolates Susceptible Intermediate Resistant Total Susceptibility
Resistance %
Acinetobacter spp 59 10 2 71 83
Escherichia coli 52 0 1 53 98
Pseudomonas aeruginosa 4 2 28 34 14
Klebsiella pnewmonia 11 0 0 11 100
Stenotrophomonas 07 0 0 07 100
Enterobacter cloacae 1 0 3 4 25
Enterobacter aerogenes 4 0 0 4 100
Chryseobacterium 0 0 1 1 -
Serratia marcescens 2 0 0 2 -
Proteus species 0 1 0 1 -
Total 140 13 35 188
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Discussion. The rapid and continuing increase of
antimicrobial resistance in bacteria during the last 3
decades has become a major concern.” In some parts
of the world, incidence of MRSA became more than
55%, that of VRE more than 27%'7 studies also showed
similar increase in gram negative organisms resistance.'®
These facts necessitate testing new antimicrobial agents
such as tigecycline against the widest possible range of
these MDR organisms worldwide.'” Our study similar to
others,***#? aimed to test the activity of this agent against
organisms isolated from hospitalized patient, which is
resistant to the usually conventional used antimicrobial
agents. This study has the following limitations: the
susceptibility of the MDR gram negative to colistin,
an important reappearing anti-microbial agent for
these organisms was outdone. Similarly, susceptibility
to the general used tetracycline was not carried out to
compare with susceptibility of tigecycline. There was
no clinical follow-up of the patients from whom these
organisms were isolated. Some organisms tested, such

Table 6 - Ranges of mic 50 and mic 90 of tigecycline against multi-drug
resistant gram negative organisms (N=184).

Organism MIC MIC Number of
50 pg/ml 90 pg/ml isolates

Acinetobacter spp 1.0-15 3.0-4.0 71
Escherichia coli 0.32-0.38 0.75-1.00 53
Pseudomonas aeruginosa I 16 - 32 65-128 34
Klebsiella pneumonia 0.5-0.75 1.5-2.0 11
Enterobacter spp 0.75 - 1.00 4.0 - 8.4 8
Stenotrophomonas 0.19-0.25 0.5-0.75 7
maltophilia

MIC - minimum inhibitory concentration

as Acinetobacter species was not large enough to obtain
satisfactory statistical analysis. The groups of gram
positive organisms we tested included different bacterial
species; namely MRSA, streptococci, enterococci are
similar to other studies.**?* Likewise, in our study,
the range of the gram negative organisms is also similar
to other studies.”>?* Most of gram negative and gram
positive isolates were from respiratory, urine, and wound
specimens. This is similar to other studies whose isolates
were originated from such specimens from hospitalized
patients.”® All gram positive organisms tested were
susceptible to tigecycline showing a 100% activity of
tigecycline against these isolates. Results similar to
these were previously reported® all the gram positive
isolate tested in that study have MIC 90 pg/ml within
the susceptibility range.”® Our susceptibility results of
Staphylococcus aureus both methicillin susceptible and
methicillin resistant as well as Streprococcus agalactiae to
tigecycline resembles those reported in another study
were 100% of Streprococcus agalactiae and 94% of
Staphylococci were susceptible to tigecycline.* Similar
to our results, all MRSA tested in other studies were
100% susceptible to this agent.>?*?! The zone diameter
interpretation of susceptibility used in our study for the
Enterobacteriae was similar to that used in a previous
study.?? According to the percentage of susceptibility
of isolates of E. coli and K. pneumoniae, our study was
similar to other study noticed before.”! The range of
MIC 50% and 90% of the gram negative isolates tested
in our study compared to previous studies MIC 50
pg/ml and 90 pg/ml,>**° showed similar results in some
studies® for K. pneumoniae isolate and slightly higher
results for these isolates and E. coli isolate in other
studies.>* However, the overall susceptibility in these

Table 7 - Comparison between result of susceptibility to tigecycline carried out by DD and E-test method on 109 MDR gram negative isolates.

Tests Organisms Total
Stenotro- E. Acineto-  Pseudo-  Chryseo- K Enterobacter ~ Serratia Proteus  Enterobacter
phomonas coli bacter  monas  bacterium  pneu. cloacae marcescens aerogenes
spp- aerug.
Sensitivity
Sensitive 2 51 13 1 11 1 1 4 84
Resistant
Sensitive - 1 1 2 - - - - - - 4
Intermediate 10 - - - - - 11
Resistant 1 - - 2 - - - 3
Intermediate
Sensitive 1 1 1 - - - 1 - 4
Resistant
Total 2 52 18 15 1 11 4 1 1 4 109

E. coli - Escherichia coli, K. pneu - Klebsiella pneumonia,
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studies®®* was similar to our findings. Acinetobacter

species MIC in our study was higher than that reported
previously.>¢3*3 The susceptibility percentage in our
study of these isolates was higher than that reported
in these studies. For P aeruginosa isolate, the MIC
in our study was high indicating lower percentage of
susceptibility of these isolate to tigecycline as reported
in previous studies.”** This findings showed beyond
doubt the inactivity of tigecyline against these isolates.
The MIC of Stenotrophomonas maltophilia in this was
lower compared to those of P aeruginosa isolate showing
a 100% susceptibility to this agent. Similar results of
such MIC were shown in previous reports.*** Our
results on Acinetobacter species,**** a common hospital
acquired organism in the intensive care units resembles
other study.’** In this study, the in-vitro activity of
tigecycline was carried out by DD as in other studies®
and MIC by E test as in others.* Unlike our study,
none of the previous reports compared the role of
both methods in detecting susceptibility to tigecycline.
However, our results showed no significant difference
between the 2 methods in this respect despite of the
few major mistakes shown.

In conclusion, tigecycline showed 100% activity
against all gram positive isolates and high activity
against the most common gram negative isolates. A
significant findings in this study are: all our isolates
were from the intensive care units. This means that all
of these isolates are from severely ill patients in whom
infection and disease is expected, it is mandatory to use
as empirical therapy, a drug which can cover, most of the
suspected organisms. This makes tigecycline a suitable
agent for this purpose. Another important result is
the non-significant difference in testing for tigecycline
susceptibility by either DD or E test for MIC meaning
that either test can be used for this purpose. However,
both methods have advantages and disadvantages, while
the DD (Kirby Bauer method is well standardized,
highly reproducible, simple to perform and inexpensive,
it does not produce MIC results and it is not suitable
for rapidly growing organisms. However, E-test method
has the advantages of easiness to perform compared to
the agar and dilution, MIC methodscan test fastidious
bacteria and can be used with variety of test media. Bu,
it has the disadvantage of being costly.*
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