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Abstract

Ozet

Objective: Tigecycline has a wide spectrum antimicrobial activity
including multi-drug resistant and extended drug resistant nosocomial
Gram-negative bacteria. Although its pediatric use has not been
approved, clinicians are sometimes obligated to choose tigecycline
as salvage therapy. In this study, we present our clinical experience
regarding tigecycline use in children.

Material and Methods: This was a retrospective study of children
who had been given tigecycline therapy at least 48 consecutive hours
of duration in the pediatric departments of two tertiary-centers from
January 2011 to March 2016.

Results: Twenty four patients (13 female, 54.2%) with median age of
96 months (1-192) were enrolled. Tigecycline was started for ventilator
associated pneumonia (n= 10, 41.7%), blood stream infection (n= 7,
29.2%), catheter related infection (n= 1, 4.2%), complicated skin soft
tissue intection (n= 1, 4.2%) and emprically (n= 5, 20.8%). The most
common isolated pathogen was Acinetobacter baumannii (n= 13, 54.2%).
Other pathogens were Klebsiella spp. (n=4, 16.6%), methicilline resistant
Staphylococcus aureus, (n=1, 42%) and Leptospira spp. (n= 1, 4.2%). All
of the patients had tigecycline combination therapy. The most common
combination was tigecycline + colistin (n= 10, 41.7%). Two patients
(8.3%) had mild adverse events. The mortality rate was 45.8%. There
was negative correlation between the age of patients and mortality rate
(p=0.006).

Conclusion: Tigecycline may be used in critically ill children as salvage
therapy with considerably mild side effects.
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Giris: Tigesiklin cok ilaca direncli ve genisletilmis ila¢ direnci olan
gram-negatif bakterilere karsi genis antimikrobiyal etki spektrumu
gostermektedir. Cocuklarda kullanimi onaylanmamis olmakla birlikte
hekimler zorunlu hallerde kurtarma tedavisi olarak tigesiklin kullanmak-
tadirlar.

Gereg ve Yontemler: Bu calismada Ocak 2011-Mart 2016 tarihleri ara-
sinda iki Universite hastanesinin pediatri kliniklerinde en az 48 saat stire
ile tigesiklin tedavisi verilmis cocuk hastalar geriye déniik incelenmistir.

Bulgular: Calismaya yas ortancasi 96 ay (1-192) olan 24 (13 kiz, %54.2)
hasta dahil edildi. Tigesiklin tedavisi; ventilator iligkili pndmoni (n= 10,
%41.7), kan akimi enfeksiyonu (n= 7, %29.2), kateter iliskili kan akimi
enfeksiyonu (n= 1, %4.2), komplike cilt yumusak doku enfeksiyonu (n=
1, %4.2) nedeni ile ve ampirik (n= 5, %20.8) olarak baslanmisti. En sik
izole edilen mikroorganizma Acinetobacter baumannii (n= 13, %54.2) idi.
Diger etkenler sirasi ile Klebsiella spp. (n= 4, %16.6), metisiline direncli
Staphylococcus aureus (n= 1, 42%) ve Leptospira spp. (n= 1, 4.2%) olarak
saptandi. Hastalarin tamamina tigesiklin kombinasyon tedavisi verildi;
en sik tercih edilen kombinasyon tigesiklin + kolistin (n= 10, %41.7) idi.
Birer (%4.2) hastada tedavi sirasinda transaminaz ytikselmesi ve kolesta-
tik sarilik gelisti. Mortalite orani %45.8 idi. Hasta yasi ile mortalite arasin-
da negatif korelasyon saptandi (p= 0.006).

Sonug: Tigesiklin, ciddi hastaligi olan ¢ocuklarin kurtarma tedavisinde
tolere edilebilir yan etki profili ile tercih edilebilir

Anahtar Kelimeler: Cocuk, kurtarma tedavisi, tigesiklin
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Introduction

Tigecycline, a bacteriostatic glycylcyline, is a derivative of
minocycline. It binds to the 30s subunit on the ribosome and
interferes with bacterial synthesis (1). Tigecycline has a wide
spectrum of in vitro activity against many gram-positive and
gram-negative microorganisms, including the multiresistant
strains other than Pseudomonas spp. which it displayed mod-
est activity with minimal inhibitory concentration (MIC) 90%
of 16 pug/mL (2,3). It also has fairly well anaerobic coverage
other than Morganella, Proteus and Providencia species. It is a
very powerful chemotherapeutic agent since it is not effected
from most of the resistance mechanisms of the pathogens. Al-
though it has been approved for complicated skin-soft tissue
infections (cSSI), complicated intra-abdominal infections (clAl)
and community-acquired pneumonia (CAP) in adults, use of
tigecycline is not recommended in patients younger than 18
years, as safety and effectiveness has not been established
(1,4-7). Hovewer, the use of tigecycline can be obligatory for
selected patients, especially for those with multidrug-resis-
tant (MDR) and extensive-drug resistant (XDR) nosocomial
gram negative bacteria related infections (7,8). Quite a few
data, mainly from isolated case reports, is available in litera-
ture regarding tigecycline use in pediatric patients (8-13). In
order to asses and contribute our experience to current liter-
ature, we performed a retrospective analysis of our patients
who had been treated with tigecycline from two different ter-
tiary centers in our country.

Materials and Methods

Demographic and Clinical Data

This was a retrospective study of children who had been
given tigecycline therapy between January 2011 and March
2016 in the pediatric departments of two tertiary-centers.

Patients between 0-18 years of age who had been given
tigecycline treatment at least 48 consecutive hours of dura-
tion were enrolled. Infections were mainly ventilator associat-
ed pneumonia (VAP), catheter related infections (CRI), blood-
stream infections (BSI), complicated skin-soft tissue infections
and sepsis. Tigecycline therapy was started empirically for
selective cases who had already been given broad spectrum
antimicrobial treatment without clinical improvement.

Patients’ charts were reviewed and data regarding demo-
graphics, medical condition and tigecycline administration
regimen were recorded. Detailed survey included underlying
chronic disorders, type of the infection requiring tigecycline
use, time difference between hospitalization and start of tige-
cycline therapy, responsible pathogen, culture positive spec-
imen, antibiotic susceptibility results, types and duration of

antibiotics priorly used, reason for tigecycline use (persistent
infection/relapse/clinical failure), dose and duration of tige-
cycline therapy, other antibiotics combined with tigecycline,
adverse effects (nausea, vomiting, diarrhea, headache, ab-
dominal pain, hypertension, acute pancreatitis, anemia, rash,
somnolence, insomnia, elevated liver enzymes, renal failure
and others), microbiologic and clinical outcomes.

Laboratory Evaluation

Laboratory evaluation included complete blood count, liver
transaminases, renal function tests, serum amylase and lipase
levels, prothrombin time (PT), international normalized ratio
(INR) and activated partial thromboplastin time (aPTT) that
have been ordered throughout the therapy. Microbiological
culture reports of peripheral and catheter drawn blood sam-
ples, tracheal aspirate material or other body fluids together
with antimicrobial susceptibility test results were recorded.

Between January 2011 and January 2016, tracheal aspirate
specimens and blood samples of the patients were analysed in
Microbiology Department of Istanbul University, Medical Fac-
ulty. Gram preparations of lower respiratory tract specimens
were evaluated microscobically and then cultured into blood
agar, chocolate agar and Mac Conkey agar medias. Blood and
chocolate agars were incubated in 5% CO, media and Mc
Conkey agar was incubated in 37°C normal athmosphere for
24-48 hours. Blood cultures were analysed by BACTEC 9120
(Becton Dickinson, USA) system. They were cultured in 5%
sheep blood agar or chocolate agar if positive signals were
obtained. Antimicrobial susceptibility test was performed and
interpreted according to Clinical Laboratory Standarts Insti-
tute (CLSI) recommendations (14). Cefoxitin disc diffusion test
(30 pg, Becton Dickinson, USA) was used to determine methi-
cilline resistance for Staphylococcus aureus. Minimal inhibitory
concentration (MIC) analysis of tigecycline was performed by
E test (BioMeriéux, France) and results were evaluated accord-
ing to CLSI limit values. Tigecycline susceptibility was defined
as susceptible between 0.5-4 ug/mL), intermediate suscepti-
bility (MIC value between 4-8 ug/mL) and resistance (MIC val-
ue >16 pg/mL).

Definition

The term multi-drug resistance was used for acquired
non-susceptibility to at least one agent in three or more anti-
microbial categories, whereas extended-drug resistance was
defined as non-susceptibility to at least one agent in all but
two or fewer antimicrobial categories (i.e. bacterial isolates
remain susceptible to only one or two categories) (15). Micro-
biologic outcome was defined as the time of therapy required
for the specified culture to become negative. Clinical outcome
was the status of the patient at the end of tigecycline therapy
which was generally accepted as either survival or death.
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Statistics

Statistical analysis of data was performed with statistical
package for social science (SPSS) for Windows version 21.0
(SPSS 21.0, SPSS Inc. USA).

Results

Twenty four patients (13 female, 54.2%) with median age
of 96 months (range, 1-192 months) were enrolled in the
study. Detailed analysis of patients was summarized in Table 1.
Median time of hospitalization before start of tigecycline ther-
apy was 27 days (range, 7-162 days). Tigecycline was chosen
for MDR or XDR pathogen related infections. Among those,
10 patients (41.7%) suffered from VAP, 7 patients (29.2%) had
BSI, one patient (4.2%) had catheter related infection and one
patient (4.2%) had cSSI. It was started emprically in 5 patients
(20.8%).

Patients were hospitalized due to several disorders be-
fore tigecycline use. Seven patients (29.2%) had malignancy
[operated brain tumor (n= 3, 12.5%), acute myelocytic leuke-
mia (n= 2, 8.3%), Ewing sarcoma (n= 1, 4.2%) and lympho-
ma (n= 1, 4.2%)]. Three patients (12.5%) were under immune
supressive therapy secondary to transplantation history [liver
transplantation (n= 2, 8.3%) and severe combined immune
deficiency and bone marrow transplantation (n= 1, 4.2%)].
Congenital heart disease (n= 1, 4.2%), diabetes mellitus type
1 (n= 1, 4.2%), trauma (n= 2, 8.3%), glycogen storage disease
(n=1, 4.2%), chronic neurological disorder [myopathy (n=1,
4.2%), cerebral palsy (n= 1, 4.2%) and perinatal asphyxia (n=
1, 4.2%)], encephalitis (n= 2, 8.3%), leptospirosis (n= 1, 4.2%),
prematurity (n= 1, 4.2%) and prolonged fever (n= 1, 4.8%)
were other reasons of hospitalization.

In 79.1% of the cases, the responsible microorganism was
either MDR or XDR nosocomial gram-negative bacteria. The
most common isolated pathogen was Acinetobacter bauman-
nii that was encountered in 13 patients (54.2%). XDR A. bau-
mannii rate was 92.3% (n= 12) (MIC values were specified in
Table 1). Other pathogens were Klebsiella spp. [Klebsiella oxy-
toca and Klebsiella pneumoniae, (n= 4, 16.6%), all of them were
XDR], Methicilline resistant Staphylococcus aureus [MRSA, n=
1,42%] and Leptospira spp. (n= 1, 4.2%). No underlying patho-
gen could be identified in 5 patients (20.8%) whom tigecy-
cline therapy had been started empirically. MIC values were
gathered from 13 patients. Among those, 5 (38.4%) of the A.
baumanii isolates presented intermediate susceptibility to
tigecycline.

The mortality rate among patients with documented A.
baumannii infections was 54.5% (n= 6). No significant differ-
ence was obtained in terms of isolated pathogen on mortality.
Median duration of therapy was 9 days (range, 2-25 days). Pa-
tients were given either 1 mg/kg/dose (n=8, 33.3%) or 1.2 mg/

kg/dose (n= 16.66.7%); maximum 50 mg dose of tigecycline 2
times a day. None of the patients had loading dose of therapy.
Several broad spectrum antibiotics including carbapenems
(n= 14, 70.8%), anti-pseudomonal penicillins (n= 5, 20.8%),
fluoroquinolones (n= 5, 20.8%) and colistin (n= 4, 16.6%) had
been given prior to tigecycline.

All of the patients had different regimens of combination
therapy. Sixteen patients (66.6%) had dual combination,
whereas 8 patients (33.3%) had multiple-drug combination.
The most preferred combination was tigecycline + colistin
(n=10, 41.7%). Three patients (12.5%) were given tigecycline
+ colistin + ampicillin sulbactam while 2 patients (8.3%) had
tigecycline + ciprofloxacin. Other combination regimens were
tigecycline + ceftriaxone (n= 1, 4.2%); tigecycline + colistin +
rifampisin (n= 1, 4.2%); tigecycline + meropenem + colistin
(n= 3, 12.5%); tigecycline + colistin + meropenem + amika-
cin (n= 1, 4.2%); tigecycline + colistin + meropenem + amik-
acin (n=1, 4.2%); tigecycline + ciprofloxacin + linezolid (n=1,
4.2%). One patient (4.2%) had tigecycline + colistin + rifampi-
cin + cefoperazone sulbactam combination therapy. No statis-
tical difference was observed when dual combination therapy
is compared with multi-drug combination regimen.

Median time of microbiologic outcome was 10 days (range,
5-20 days). Two patients (8.3%) had mild adverse events as
they did not require the taper of the therapy. One patient
(4.2%) had elevated liver transaminases and 1 patient (4.2%)
had cholestatic jaundice. In both cases, these side effects re-
solved after cessation of therapy and both of them survived.
In terms of clinical outcome, 13 patients (54.2%) survived at
the end of tigecycline treatment. Median age of mortality pa-
tients was 86 months (range, 9-164 months). There was neg-
ative correlation between the age of patients and mortality
rate (p= 0.006). Of the mortalities (n= 11, 45.8%), 4 patients
(16.6%) had suffered from VAP, 4 patients from BSI (16.6%) and
3 patients (12.5%) from sepsis. No statistical significance was
determined in terms of types of infections on mortality.

Discussion

Since the discovery of penicillin by Sir Alexander Fleming
in 1929, scientists and bacteria have been in competition. As
new drugs have been launched, newer resistance mecha-
nisms were attained by microorganisms. Unfortunately, only a
few new group of antibiotics have been discovered in the last
decades as most of them are the derivatives of the existing
ones. Tigecycline is such an antibiotic which has been creat-
ed as a semisynthetic derivative of tetracycline (11). Although
tetracyclines have been used widely since 1948, their clinical
importance has been diminished in time due to acquisition of
bacterial resistance. The capability of tigecycline comes from
its structural property which enables it to be uneffected by
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bacterial resistant mechanisms such as ribosomal protection
and active efflux proteins (11,16).

Although Food and Drug Administration (FDA) approved
the clinical use of tigecycline for ¢SSI, clAl and CAP only in
adults, it is emphasized that it can be preferred under 18 years
of age only if there is no alternative option (1,4). Unfortunate-
ly, clinicians are sometimes obligated to use tigecycline in
children and the indication spectrum is usually wider than rec-
ommended (1). In our study, tigecycline was preferred mainly
for off-label use such as VAP, BSI and sepsis. Similarly, losifidis
et al reported the clinical use of tigecycline for unapproved
indications as BSI, lower respiratory tract infections and sep-
tic thromboflebitis (12). In addition, miscellaneous indications
with considerably favourable outcome such as meningitis,
urinary tract infections and febrile neutropenia have been re-
ported in case series (17-19).

MDR or XDR gram-negative bacteria are major threats for
hospitalized patients especially in high risk wards like inten-
sive care units and oncology departments. In recent years, re-
sistant A. baumannii strains have been isolated as emerging
cause of nosocomial infections throughout the world. It is also
same for our country (20,21). In our study 92.3% of A. bauman-
nii were XDR. It can cause life-threatening nosocomial infec-
tions like VAP, BSI, CSSI, meningitis, endocarditis and urinary
tract infections (22). Several risk factors such as prolonged
hospital stay, presence of chronic conditions, artificial respi-
ration, surgical intervention, invasive procedures, inadequent
and inappropriate antibiotic use have been described (23).
Similarly, majority of our patients had underlying chronic dis-
orders meeting the most of the risk factors mentioned above.

Although carbapenems are the most common preferred
antibiotics for resistant Acinetobacter infections, insusceptibil-
ity against carbapenems has been rising in many parts of the
world. For our country, Kurtoglu et al reported that the inci-
dence of carbapenem resistant A. baumannii rate may reach
up to 80% (24). Tigecycline and colistin may be satisfactory
alternatives in that situation. But unfortunately, resistance
against these antibiotics has also been increasing. Colistin
and tigecycline resistant rates were reported as 5% and 16%,
respectively in a study from our country (25). Although, we
could not be able to achieve all of the MIC values, among the
determined isolates, 45.4% of the A. baumannii presented in-
termediate susceptibility to tigecycline.

Since pediatric tigecycline use hasn't been approved, ap-
propriate dosage is still undetermined. For adults, a loading
dose of 100 mg intravenously followed by 50 mg twice daily is
recommended (1). A Phase Il, multi-center open label clinical
trial, the only pediatric study, proposes a tigecycline dosage
of approximately 1.2 mg/kg q12h for children aged 8-11 years
(13).In the same study, no loading dose was evaluated. In con-

sistent with this study and previously reported case series, our
patients received a tigecycline dosage of 1-1.2 mg/kg q12h
(8,12,13,26). In literature; gastrointestinal symptoms such as
nausea, vomiting and diarrhea are the most common report-
ed side effects. In addition, acute pancreatitis, hypertension
and neutrophile engraftment delay have been associated with
tigecycline use in isolated case series (16,18,27). As losifidis et
al mentioned in their report, since most of our patients were
entubated and sedated we could not detect the real incidence
of gastrointestinal symptoms (12). Although the number of
patients in our study were limited, the only observed adverse
effects such as elevated liver transaminases and cholestasis
were mild and did not require cessation of therapy. For these
reason, we can claim that the dose of 1.2 mg/kg; (maximum
50 mg dose) twice a day has been generally well tolerated.
On the other hand, previous studies indicate that tigecycline
is not such an innocent drug. FDA warns clinicians that they
should use tigecycline in the case when other alternatives are
not suitable (1,4). In a metaanalysis of different clinical trials
in which tigecycline was used in the treatment of cSSSI, clAl
and CAP in adults, mortaliy was significantly higher in tigecy-
cline group than comparator (4). Mc Governa et al. reported
the increased mortality rate with tigecycline therapy, in 12 of
13 phase 3 and 4 comparative clinical trials. In the same study,
they specified that, particularly patients with VAP and base-
line bacteremia had greater risk of clinical failure and mortali-
ty (28). Forty percent of the patients with VAP died during our
follow-up. Unlike previously reported, there was no significant
difference regarding mortality rate among different types of
infections. But, it would be appropriate to emphasize that
the number of our patients is inadequate to draw a substan-
tial conclusion. When overall mortality risk was considered,
we found a negative correlation between the mortality rate
and the age of the patient. This was an expected finding since
these underlying serious infections cause increased mortality
in younger population.

Another important issue is whether treatment failure and
increased mortality is related with inadequate dosage of tige-
cycline. It would be relavent to think that way since tigecy-
cline resistance has been increasing. To combat this situation,
eitherincreased doses of tigecycline or combination therapies
should be evaluated as suggested (29). On the other hand, ad-
verse drug reactions will be more encountered in the case of
high dosage use. So, combination therapy can be an import-
ant option to treat MDR infections with several advantages in-
cluding synergistic effect, broad coverage and prevention of
drug resistance development. In a recent review article, colis-
tin-tigecycline combination was referred as the most studied
combination that showed promising results. In vitro and ani-
mal studies together with limited clinical reports demonstrate
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the tigecycline-colistin combination showed synergistic or
bactericidal effects against carbapenem resistant A. bauman-
nii (30-32). For these reasons, authors suggest the initiation of
colistin in the first place, when a MDR infection is identified
(32). In consistent with the recommended, all of our patients
were given combination therapy, with most of them (47.6%)
being as tigecycline + colistin. In literature data, tigecycline
plus sulbactam, carbapenem or rifampicin combination have
also been suggested (33-35). Although we have experienced
with different dual and multidrug combination therapies, no
significant difference were observed between them in terms
of clinical outcome.

Tigecycline may be a savior for clinicians for treatment of
MDR/XDR nosocomial infections. Although it’s use has not
been approved for children, it is sometimes obligatory to
choose tigecycline as a rescue antibiotic. Clinical experience
regarding pediatric tigecycline use is very scarce in literature.
Therefore, it is crucial for clinicians to report the outcome of
pediatric tigecycline use.
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