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Abstract We performed a retrospective and observational
study of 51 patients treated with tigecycline, as the
treatment for nosocomial infections due to multidrug-
resistant microorganisms, to evaluate the superinfection
rate and their etiologies. Superinfections were diagnosed in
12 (23.5%) patients (seven due to Pseudomonas aeruginosa,
13.7%) and one patient had P. aeruginosa colonization.
Five patients with superinfection died (41.6%), three due to
superinfections and two to underlying diseases. The
superinfection rate observed during tigecycline treatment

is higher than that previously reported. Pseudomonas
aeruginosa is the most frequent agent, being the cause of
58.5% of all superinfections.

Introduction

Tigecycline has a broad-spectrum in vitro activity against
methicillin-resistant Staphylococcus aureus (MRSA),
penicillin-resistant Streptococcus pneumoniae, vancomycin-
resistant Enterococcus spp., and against most Enterobac-
teriaceae, including extended-spectrum β-lactamase
(ESBL)-producing strains [1]. Tigecycline is also active
against Acinetobacter baumannii, including multidrug-
resistant (MDR) strains [2]. However, Pseudomonas
aeruginosa is intrinsically resistant, and some species of
the genera Proteus have reduced susceptibility. Clinical
trials did not show higher superinfection rates than
comparators [3–5] in patients with tigecycline treatment.
However, the lack of activity of tigecycline against P.
aeruginosa is important because of the fact that it is a
relevant nosocomial agent, and it is currently a growing
health problem on account of the increase of imipenem-
resistant strains [6]. The aim of this study was to evaluate
the superinfection rates, including by P. aeruginosa, during
tigecycline treatment.

Patients and methods

We performed an observational and retrospective study of
all adult patients admitted to the University Hospital Virgen
del Rocío, Southwest Spain, a 1,251-bed terciary center
with two intensive care units (ICU) for adults, who received
tigecycline as the treatment for nosocomial infections
between November 1, 2007 and October 31, 2008. All
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patients received 100 mg of tigecycline as the loading dose,
followed by 50 mg every 12 h. The duration of treatments
was a decision of the physicians in charge of the patients
and was related to the clinical conditions. In each patient,
we analyzed all cultures made until hospital discharge or
death. Patients without follow up cultures during or after
tigecycline treatment and those with prior or concomitant
isolation of P. aeruginosa at the beginning of the treatment
were excluded.

The following data were analyzed: sex, age, underlying
diseases, infections, treatments with tigecycline and other
concomitant antibiotics, and clinical and microbiological
outcomes. Established criteria were used to define clinical
infections [4, 5, 7]. We defined colonization and superin-
fection as the isolation of bacterial strains different to
those causing the primary infection, in the absence or
presence of the above criteria of infection, respectively,
without any other possible cause when the superinfection
was diagnosed. Clinical cure was considered as the dis-
appearance of all signs and symptoms attributable to infec-
tion after the completion of antibiotic and surgical treatment
if necessary, and microbial eradication as negative cultures in
the follow up.

Microbial identification and antibiotic susceptibility were
performed with the MicroScan system (Siemens, Healthcare,
Spain). To determine susceptibility, all microorganisms were
cultured on Mueller–Hilton agar plates (Francisco Soria
Melguizo, Madrid, Spain). Minimum inhibitory concentra-
tion (MIC) breakpoints for tigecycline were determined by
the E-test method (AB Biodisk, Solna, Sweden). US FDA-
approved guidelines for interpreting tigecycline susceptibility
test results for Enterobacteriaceae and A. baumannii (suscep-
tible MIC ≤ 2 μg/mL; intermediate MIC > 2 or <8 μg/mL;
resistant MIC ≥ 8 μg/mL) were applied in this study [8].

Results

Tigecycline was prescribed as the treatment for nosocomial
infections in 51 patients, 23 (45.1%) with hospital-acquired
pneumonia (HAP), 15 (29.4%) with complicated intra-
abdominal infections (CIAIs), and 13 (25.5%) with skin and
soft tissue infections (SSTIs). Sixteen out of 51 tigecycline
prescriptions (31.3%) were made in medical and surgical
wards and the rest in the ICU. Etiological agents (all
susceptible to tigecycline) were as follows: 29 A. baumannii

-• 
• 

• 

cultures during tigecycline negative cultures during  

51 patients treated with tigecycline.

Intra

28 (54.9%) patients with  8 (15.7%) patients without 

treatment

Nosocomial pneumonia 23 (45.1%)

15 (29.4%) patients with positive cultures during tigecycline treatment 

tigecycline treatment 

abdominal infections 15 (29.4%)
Skin and soft tissue infections 13 (25.5%)

and  isolates of  P. aeruginosa  
2 patients with concomitant  

tigecycline prescription 

1 (1.96%) burn colonization

• 
• 
• 

7  (13.7%) superinfections by

Nosocomial pneumonia 3/23 (13%)

Intra- abdominal infections 2/15 (13%)

Skin and soft tissue infections 2/13 (15%)

P. aeruginosa

8 (15.7%) patients with  P. aeruginosa isolation
during tigecycline treatment

10 (19.6%) with  P. aeruginosa isolation

 Providencia stuartii 

5 (9.8%) superinfections by: 

Enterobacter cloacae
 Morganella morganii
 Enterococcus faecalis

 Proteus  mirabilis 

Fig. 1 Superinfection and colonization outcomes of 51 patients treated with tigecicline
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(56.8%), 19 (37.2%) Enterobacteriaceae (10 [19.6%]
ESBL-producing: six Escherichia coli and four Klebsiella
pneumoniae), and 11 others (21.5%) (8 [15.6%] of them
were polymicrobial infection).

Eight patients (15.7%) had no follow up cultures and were
excluded from the study. Twenty-eight patients (54.9%) had
no positive cultures during tigecycline treatment. Finally, 15
patients (29.4%) had at least one positive culture, with
isolates different to those causing the infection, during
tigecycline treatment. In these patients, tigecycline was
indicated for infections by MDR A. baumannii (n=13),
Enterococcus faecium (n=1), and Stenotrophomonas
maltophilia (n=1).

P. aeruginosa was isolated in 10 patients (19.6%) during
tigecycline treatment. Seven patients (13.7%) had super-
infections (3 HAP, 2 CIAIs, and 2 SSTIs) (Table 1) and one
had surgical wound colonization. Two patients with poly-
microbial infection, including P. aeruginosa isolated at the
beginning of the treatment, were excluded. The median
time elapsed between the prescription of tigecycline and
P. aeruginosa isolation was 8 days (range 7–26). Five other
superinfections (9.8%) were caused by Proteus mirabilis,
Morganella morganii, Providencia stuartii, Enterobacter
cloacae, and E. faecalis. These 12 superinfections (Fig. 1)
were caused by tigecycline non-susceptible bacteria.

There was no difference between superinfection/coloni-
zation rates in the different nosocomial infections treated
with tigecycline: HAP (5/23, 21.7%), CIAIs (5/15, 33.3%),
and SSTIs (4/13, 30.7%).

Five out of the 12 patients died (41.6%), two due to CIAIs
by P. aeruginosa and M. morganii, one due to nosocomial
pneumonia by P. aeruginosa, and two due to underlying
diseases. In Table 1, the characteristics and outcomes of the
12 patients with superinfections are detailed.

Discussion

In our observation, the superinfection rate during tigecycline
treatment was 23.5% (12 of 51). Pseudomonas aeruginosa
was the most frequent agent, being responsible for 58.3%
of superinfections. This rate of superinfections is higher
than previously described, in spite of the exclusion of 8 out
of 51 patients because of the absence of follow up cultures.
In a clinical trial in patients with SSTIs, patients treated
with tigecycline showed an incidence of superinfections of
2.4%, with 0.7% being in the arm treated with vancomycin
plus aztreonam [3]. Other studies showed superinfection
rates ranging from 2.4% [9] to 4.3% [4, 5]. These studies
did not specify the etiological agents responsible for
causing these superinfections.

We used tigecycline to treat a variety of infections, some
not indicated in official FDA and EMEA labeling for

tigecycline, such as HAP, but the patients were critically ill
and there were no other alternative treatments. Moreover,
tigecycline has demonstrated to be effective to treat HAP
by MDR A. baumannii [10].

Tigecycline is highly effective against most Gram-
positive, Gram-negative, and anaerobic bacteria, includ-
ing MDR strains. Pseudomonas aeruginosa is intrinsi-
cally resistant [11], and Proteus spp., Klebsiella
pneumoniae, Providencia spp., M. morganii, Enterobacter
spp., and E. coli may show reduced tigecycline suscepti-
bility. Tigecycline administered in healthy subjects signifi-
cantly reduced the numbers of enterococci, E. coli,
lactobacilli, and bifidobacteria, and increased Candida
albicans, K. pneumoniae, and E. cloacae, and some patients
(7/12) presented colonization by resistant strains to tigecy-
cline on day 8 [12]. Also, an increase in tigecycline MIC
during tigecycline treatment against A. baumannii and K.
pneumoniae infections, and bloodstream infections and
other infections caused by tigecycline-non-susceptible
A. baumannii have been observed [13–15].

P. aeruginosa is an emerging health problem due to
nosocomial infections caused by carbapenem-resistant strains
[6]. The use of ineffective antibiotics against P. aeruginosa
could increase the risk of colonization or infection. How-
ever, clinical trials did not refer superinfections by intrinsi-
cally resistant microorganisms [3, 4], like P. aeruginosa, as
noted in the present study.

In summary, the superinfection rate during treatment with
tigecycline may be higher than previously reported. In our
knowledge, this is the first study documenting superinfec-
tion by P. aeruginosa during tigecycline treatment. Con-
sidering the potential risk of infection with P. aeruginosa
and other resistant bacteria, a tight surveillance in the follow
up of patients treated with tigecycline must be performed in
order to disregard or confirm this potential risk.

Acknowledgments This study was supported by the Spanish
Network for Research in Infectious Diseases (REIPI RD06/0008,
Instituto de Salud Carlos III-FEDER, Ministerio de Ciencia e
Innovación).

Potential conflicts of interest J. Pachón has received a research
grant from Wyeth-Ayerst Research. All other authors: no conflicts.

References

1. Hirata T, Saito A, Nishino K, Tamura N, Yamaguchi A (2004)
Effects of efflux transporter genes on susceptibility of Escherichia
coli to tigecycline (GAR-936). Antimicrob Agents Chemother
48:2179–2184

2. Milatovic D, Schmitz FJ, Verhoef J, Fluit AC (2003) Activities of
the glycylcycline tigecycline (GAR-936) against 1,924 recent
European clinical bacterial isolates. Antimicrob Agents Chemother
47:400–404

870 Eur J Clin Microbiol Infect Dis (2010) 29:867–871



3. Breedt J, Teras J, Gardovskis J, Maritz FJ, Vaasna T, Ross DP,
Gioud-Paquet M, Dartois N, Ellis-Grosse EJ, Loh E (2005) Safety
and efficacy of tigecycline in treatment of skin and skin structure
infections: results of a double-blind phase 3 comparison study
with vancomycin-aztreonam. Antimicrob Agents Chemother
49:4658–4666

4. Oliva ME, Rekha A, Yellin A, Pasternak J, Campos M, Rose GM,
Babinchak T, Ellis-Grosse EJ, Loh E (2005) A multicenter trial of
the efficacy and safety of tigecycline versus imipenem/cilastatin in
patients with complicated intra-abdominal infections [Study ID
Numbers: 3074A1-301-WW; ClinicalTrials.gov Identifier:
NCT00081744]. BMC Infect Dis 5:88

5. Sacchidanand S, Penn RL, Embil JM, Campos ME, Curcio D,
Ellis-Grosse E, Loh E, Rose G (2005) Efficacy and safety of
tigecycline monotherapy compared with vancomycin plus aztreonam
in patients with complicated skin and skin structure infections: results
from a phase 3, randomized, double-blind trial. Int J Infect Dis 9:
251–261

6. Lagatolla C, Tonin EA, Monti-Bragadin C, Dolzani L, Gombac F,
Bearzi C, Edalucci E, Gionechetti F, Rossolini GM (2004)
Endemic carbapenem-resistant Pseudomonas aeruginosa with
acquired metallo-beta-lactamase determinants in European hospital.
Emerg Infect Dis 10:535–538

7. American Thoracic Society; Infectious Diseases Society of
America (2005) Guidelines for the management of adults with
hospital-acquired, ventilator-associated, and healthcare-associated
pneumonia. Am J Respir Crit Care Med 171:388–416

8. Wikler MA, Ferraro MJ (2008) Correction of a reference to
clinical laboratory standards institute interpretive criteria. Clin
Infect Dis 46:1798–1789

9. Frampton JE, Curran MP (2005) Tigecycline. Drugs 65:2623–2635
10. Schafer JJ, Goff DA, Stevenson KB, Mangino JE (2007) Early

experience with tigecycline for ventilator-associated pneumonia
and bacteremia caused by multidrug-resistant Acinetobacter
baumannii. Pharmacotherapy 27:980–987

11. Gales AC, Jones RN, Andrade SS, Pereira AS, Sader HS (2005)
In vitro activity of tigecycline, a new glycylcycline, tested against
1,326 clinical bacterial strains isolated from Latin America. Braz J
Infect Dis 9:348–356

12. Nord CE, Sillerström E, Wahlund E (2006) Effect of tigecycline
on normal oropharyngeal and intestinal microflora. Antimicrob
Agents Chemother 50:3375–3380

13. Anthony KB, Fishman NO, Linkin DR, Gasink LB, Edelstein PH,
Lautenbach E (2008) Clinical and microbiological outcomes of
serious infections with multidrug-resistant gram-negative organisms
treated with tigecycline. Clin Infect Dis 46:567–570

14. Daly MW, Riddle DJ, Ledeboer NA, Dunne WM, Ritchie DJ
(2007) Tigecycline for treatment of pneumonia and empyema
caused by carbapenemase-producing Klebsiella pneumoniae.
Pharmacotherapy 27:1052–1057

15. Peleg AY, Potoski BA, Rea R, Adams J, Sethi J, Capitano B,
Husain S, Kwak EJ, Bhat SV, Paterson DL (2007) Acinetobacter
baumannii bloodstream infection while receiving tigecycline: a
cautionary report. J Antimicrob Chemother 59:128–131

Eur J Clin Microbiol Infect Dis (2010) 29:867–871 871


	Superinfection during treatment of nosocomial infections with tigecycline
	Abstract
	Introduction
	Patients and methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


