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Abstract

Objectives: The aim of this study was to asses the use of tigecycline in differents therapeutic

schemes in an universitary hospital.

Methods: A retrospective study was conducted, including data (prontuary review) of patients
who used tigecycline at a tertiary teaching hospital from January/2015 to March/2018.
Patients were divided into two groups: group “standard dose”, with patients using 100 mg as
attack dose, followed by 50 mg of tigecycline every 12 hours; and group “high dose”,
including patients who used 200 mg, followed by 100 mg every 12 hours.

Results: 43 patients received high doses and 44, standard doses of tigecycline. The main
etiological agents were Klebsiella pneumoniae (87%), which were recovered from different
body sites. Overall in-hospital mortality was 55.2%, with no significant difference between

groups (p > 0.05). Also, there was no difference between survival time (p > 0.05).

Conclusion: Among patients enrolled in this study, there was no statistically significant
difference in mortality between the two groups. Heterogeneity of types of infections is our
major limitation. More studies are necessary to definitively elucidate influence of high dose’s

based schemes in each particular type of infections.

Keywords: tigecycline; multidrug resistant bacteria; high dose



1. Introduction

Because bacterial resistance to antimicrobials is a global and emerging public health
problem, the search for new therapeutical options is a subject of major concern (WHO, 2014)
especially considering gram-negative bacilli resistant to carbapenems (WHO, 2018).
Tigecycline (TGC), a glycylglycine derived from tetracyclines, is one of the few alternatives
available for the treatment of infections caused by these pathogens, showing good in vitro
activity against many multiresistant microorganisms (Cercenado et al., 2003; Goldstein et al.
2006; Souli et al., 2006).

TGC was approved by the US Food and Drug Administration (FDA) in 2005 and by
the European Medicines Agency (EMA) in 2006. The drug was approved for the treatment of
complicated skin and soft-tissue infections, as well as complicated intra-abdominal infections,
at the loading dose of 100 mg, followed by 50 mg every 12 hours, intravenously, for 5 to 14
days and 7 to 14 days, respectively (Babinchack et al., 2005; Ellis-Grosse et al., 2005). In
2009, it was also approved for use in community-acquired pneumonia (Bergallo et al., 2009;
Dartois et al., 2008). In Brazil, it was licensed in 2014 (Anvisa, 2018). In addition, this
antimicrobial has often been used in off-label indications, such as in bloodstream infections or
nosocomial pneumonias caused by carbapenem-resistant Gram-negative bacilli (Babinchack
and Stein, 2013; Moghnieh et al., 2017).

In 2010, the FDA added a box warning on the label (FDA 2010 and 2013), due to
results of meta-analysis concluding that there is an association of TGC and excess deaths,
even when used in approved indications (Prasad et al., 2012). Those studies also highlighted
that TGC is no better option than other available antibiotics (Shen et al., 2015; Tasina et al.,
2011). Indeed, the association with other drugs (aminoglycosides, carbapenems, polymyxins,
for example) has proved to be more effective than monotherapy (Tumbarello et al., 2012;
Zarkotou et al., 2011).

Population pharmacokinetic studies evidenced a lower concentration of TGC in some
body sites, such as lung and bloodstream, justifying the use of higher doses and combined
therapy in clinical practice (Giamarellou and Poulakou, 2011). In addition, such studies
indicated that in critical patients with higher body mass indexes, high doses are required to
eradicate Gram-negative bacilli infections (Xie et al., 2017). Indeed, there is growing



evidences that the use of high doses may be related to better clinical outcomes (Geng et al.,

2018), but there are still limited clinical studies on this issue.

The drug has been used in the Hospital de Clinicas de Porto Alegre (HCPA) since
2014, in sporadic situations. In 2017, it has been included in the List of Selected Medications
with Restricted Dispensation, i.e., requiring justification by the prescriber, which is evaluation
by the Medication and Therapeutics Committee’s executive doctors for approval, due to the
possibility of selection of resistant microorganisms and their high cost (approximately, USD
45,00/bottle). The situation in which the use of tigecycline in the Hospital is standardized is
for the treatment of infections caused by multiresistant germs, such as carbapenem-resistant
Klebsiella pneumoniae and panresistant Acinetobacter baumannii. In 2017, the cumulative
incidence rate (infection and colonization) of carbapenem-resistant enterobacteria in HCPA
was 1.4 (n = 355) and 0.3 (n = 89) of carbapenem-resistant Acinetobacter baumannii. Because
frequently the drug has being used empirically and in high doses for severe patients, the
objective of this study was to evaluate the clinical and microbiological outcomes of patients

using tigecycline, in different therapeutic regimens in this hospital environment.
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2. Materials and methods

2.1 Study desing and population: This study was an observational and retrospective serie of
cases. It was performed at the Hospital de Clinicas de Porto Alegre, a public tertiary teaching
hospital, with 842 beds, 87 of them from Intensive Care Units (ICUs). In 2017, there were
about 30,000 hospitalizations and 3,200,000 exams performed (Institutional HCPA, 2018).
Sampling was by convenience and constituted by all patients who used TGC from January 1,
2015 to March 31, 2018, totaling 86 individuals, including 15 patients under 18 years old.

In those patients in whom TGC was used more than once in the same hospitalization,
the variables referring exclusively to the first use of the drug were considered. When this
antimicrobial was used by the same patient in different hospitalizations, with an interval of 15
days or more, the first use in each hospitalization periods was considered. Four patients fit
into this situation, totaling 90 clinical uses of TGC. Among them, the lack of data on
antimicrobial use during hospitalization was an exclusion criterion, eliminating 3 patients.

Therefore, 87 clinical situations where TGC was used were evaluated.

2.2 Ethics considerations: The present study was approved and registered in the HCPA
Research Ethics Committee (number 150592). It was carried out considering all the ethical
aspects related to human research, guaranteeing the confidentiality of all data collected. There

was no need for an Informed Consent Term, given the retrospective nature of the study.

2.3 Definitions: Severe neutropenia was defined as an absolute neutrophil count less than or
equal to 0.5x10%L in the blood (Dale et al., 2016). Bacteremia was defined as one or more
positive blood culture. If more than one positive culture was obtained from any patient, the
bacteria recovered most closely to the onset of TGC use was considered. The same was
applied for cultures of others sites of infection. Empirical use of TGC was defined as
administration of the drug without an isolated etiologic agent in culture prior to initiation of
treatment. Minimum Inhibitory Concentrations (MIC) for TGC was interpreted according to
European Committee on Antimicrobial Susceptibility Testing (EUCAST): MIC < 2 pg/mL
were considered susceptible, MIC = 2 pg/mL intermediate and MIC > 2 pg/mL characterized
TGC resistant isolates. It was considered a microbiological cure when, using the same
methodologies, the Gram-negative bacilli previously identified could not be recovered from
the same (or related) body site after TGC treatment. We considered death caused by

infectious process when the patient's death summary let it clear.
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For evaluate the different therapeutic regimens, the standard dose of TGC was defined
as 100 mg of dose of attack, followed by 50 mg (or proportional to weight) in maintenance.

The high dose was defined as 200 mg of the attack dose and 100 mg or more in maintenance.

Previous use of polymyxins was defined as use of polymyxin B and/or sodium
colistimethate prior to initiation of TGC therapy. When used concomitantly, it was defined as

combination therapy, which is also applied to meropenem and amikacin.

In order to assess the clinical severity of the patients, the APACHE Il (Acute
Physiology and Chronic Health Evaluation I1) or SAPS Il (Simplified Acute Physiology I11)
scores were collected. APACHE 11 was gradually replaced by SAPS 111 in the Hospital, thus,
any of the scores available on the patients' charts were collected, if these were calculated up to
30 days before or 15 days after the use of TGC.

2.4 Data colection: Data was collected from patient’s electronic records. Demographic
variables such as age and gender were considered. Clinical variables included neutrophil
count; presence of comorbidities; hospitalization unit; scores APACHE Il or SAPS Ill; site of
infection. Therapeutic variables were the date of onset and end of use of TGC, dose of attack
and maintenance; antimicrobials used up to 15 days before onset and during the use of TGC.
Microbiological variables were the etiologic agent recovered from any body site prior to and
after TGC use, as well as the susceptibility profile to TGC, polymyxin B, meropenem and
amikacin. Outcomes were evaluated analysing the following variables: intra-hospital death
within 30 days; intra-hospital death after 30 days of treatment; overall intra-hospital death and

cause of death, defined by the medical team.

2.5 Statistical analysis: All statistical analyzes were conducted using the Statistical
Package for the Social Sciences (SPSS®) software, version 18. The normal distribution of the
quantitative variables was verified through the Shapiro-Wilk test. To test the differences
between the groups (in relation to the maintenance dose of tigecycline) the Student's t-Test for
independent samples (for variables with normal distribution) or the Mann-Whitney (for the
variables that had the normal distribution rejected) were applied. The associations between
categorical variables and groups of TGC doses are verified using the Qui-square test of
independence. The Kaplan-Meier test was used to compare the survival function in the
different outcome groups, using the non-parametric log-rank test. The level of significance

used as acceptance or rejection criteria in the statistical tests cited above was 5% (p < 0.05).
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Multivariate analysis was used to identify risk factors for mortality. For this analysis, we used

Poisson regression.
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3. Results

In this study, 87 clinical situations of TGC use were included for analysis, consisting
of patients with a mean age of 41.4 + 20.9 years and predominantly male (63.2%). Regarding
the clinical characteristics, 19.5% of the patients presented severe neutropenia and 48.3%
were exclusively or predominantly hospitalized in the ICU during the course of TGC. With
the severity scores, the mean was 77.7 + 21.8 for SAPS |1l and 23.7 + 6.4 for APACHE I,
calculated for 33 and 23 patients, respectively. Patients that had any positive culture totalized
85.5% (77 cases). The main sites of infection were the bloodstream (35.6%; 31 cases) and
urinary tract (17.2%; 15 cases). Sites that have been classified as others (9.3 %; 4 cases)
included meningeal, pelvis, diabetic foot and right upper limb abscess. The main comorbidity
present in patients was the malignancy of hematological cells, with 34.5% of the cases.
Among these malignancies there were acute and chronic myeloid leukemia, acute lymphoid
leukemia, non-Hodgkin's lymphoma and myelodysplastic syndrome. The second most
frequent comorbidity was solid organ transplantation, with 25.3% of the cases, including
kidney, lung and heart transplantation. Certain comorbidities were classified as other (47.1%),
including cystic fibrosis, acute cholecystitis, acute pancreatitis, adrenoleukodystrophy,
systemic arterial hypertension, systemic lupus erythematosus, agranulocytosis, Sjogren's
Syndrome, diabetes, congenital pure erythroid aplasia, amyloidosis, idiopathic aplastic

anemia, among others. Patients that had more than one comorbidity represented 51.7%

Regarding the therapeutic characteristics, the median use of TGC was 10 days
(Interquatile range - IQR: 6.0 — 15.0) and 30 cases (34.5%) used between 8 to 14 days. TGC
was mainly used (67.8%) after the isolation of some bacteria. Most patients were previously
exposed to meropenem (72.4%) and polymyxins (71.3%) prior to TGC treatment. Besides,

63.2% and 50.6% used meropenem and polymyxins, respectively, combined with TGC.

From the microbiological point of view, enterobacteria were the most isolated, with
90.9% (70 cases), even in pure culture or associated with other bacteria. Klebsiella
pneumoniae was recovered in 67 cases (87.0%). The others enterobacterias was represented
by two cases of Enterobacter sp. and one case of Klebsiella oxytoca (3.9%). About other
agents isolated, Acinetobacter baumannii and Pseudomonas aeruginosa were recovered in
pure culture in two cases, representing only 2.6% each. Burkholderia cepacia complex,
Achromobacter sp and Staphylococcus. sp. coagulase negative strains isolated in pure culture
representing only 3,9% of the bacterias. Among the microorganisms isolated, 63.9% and

14



69.7% were susceptible to TGC and amikacin, respectively. Isolates were susceptible to
polymyxin B in 41.5% of cases and to meropenem in only 3.9%. In polimicrobial cultures,
only enterobacteria was considered for susceptibility analysis. Regarding the outcomes, the
overall intra-hospital mortality was 55.2% and 48.3% of the cases died within 30 days after
the end of the TGC treatment. Of these cases that evolved to death, 89.6% had death related to
the infectious process. Among the cases that performed culture after treatment (66.7%; 58

cases), the microbiological cure was achieved in 58.6% (34 cases).

Considering TGC dosage, two groups were considered (table 1): 44 patients received
standard TGC dose and 43 received high dose. Those who received high dose were
significantly more previously treated with meropenem compared to the group of standard
dose (83.7% x 61.4%; p = 0.020). This was not true for polymyxins (79.1% x 63.6%; p =
0.112). Combined therapy with meropenem was also more frequent in high dose group
(76.7% x 50.0%; p = 0.010), whereas polymyxins were combined with TGC in frequencies
statistically similar (51.2% x 50.0%; p = 0.914).

Table 1. Analysis of the patients in the high dose group compared to the standard dose group.

Number of patients

Variables Standard dose group (n = 44) High dose group (n = 43) Total (n = 87) p valor
Demographic:

Male sex, n (%) 25 (56.8) 30 (69.8) 55 (63.2) 0.210
Age, years, mean (SD) 40.4 (23.1) 42.4 (18.6) 41.4 (20.9) 0.656
Clinical characteristics:

Severe neutropenia, n (%) 7 (15.9) 10 (23.3) 17 (19.5) 0.388
SAPS 111, mean (SD)*" 77.0 (22.0) 78.0 (22.2) 77.7 (21.8) 0.897
APACHE 11, mean (SD)*° 26.7 (5.4) 19.9 (5.8) 23.7 (6.4) 0.008
Hospitalization unit, n (%)

ICU® 20 (45.4) 22 (51.2) 42 (48.3) 0.594
Clinic 10 (22.7) 7 (16.3) 17 (19.5) 0.448
Cirurgic 3(6.8) 6 (13.9) 9 (10.3) 0.314
Bone marrow transplant 8 (18.2) 6 (14.0) 14 (16.1) 0.592
Oncological 3(6.8) 1(2.3) 4 (4.6) 0.616
Special cares 0 (0.0) 1(2.3) 1(1.1) 0.494
Site of infection, n (%)

Bacteremia 13 (29.5) 18 (41.9) 31 (35.6) 0.230
Lung 10 (22.7) 2 (4.7) 12 (13.8) 0.018

15



Urinary tract 8 (18.2) 7 (16.7) 15 (17.2) 0.814
Abdomen 7(15.9) 4(9.3) 11 (12,6) 0.354
Bone 2 (4.5) 2 (4.7 4 (4.6) 1.000
Others 0(0.0) 4(9.3) 4 (4.6) 0.055
Not informed 4(9.1) 6 (14.0) 10 (11.5) 0.521
Comorbidities, n (%0)

Hematological cell malignancy 14 (31.8) 16 (37.2) 30 (34.5) 0.597
Bone marrow transplant 9 (20.5) 10 (23.3) 19 (21.8) 0.752
Solid organ malignancy 5 (11.4) 3(7.0) 8(9.2) 0.713
Solid organ transplant 6 (13.6) 16 (37.2) 22 (25.3) 0.011
Others 25 (56.8) 16 (37.2) 41 (47.1) 0.067
More than one comorbidity 23 (52.3) 22 (51.2) 45 (51.7) 0.918
Therapeutic characteristics:

Days of use, median (IQR") 8.0 (5.0-13.0) 12.0 (7.0-21.0) 10.0 (6.0-15.0) 0.018
Use till 48 hours, n (%) 10 (22.7) 4(9.3) 14 (16.1) 0.088
Use between 3 to 7 days, n (%) 11 (25.0) 8 (18.6) 19 (21.8) 0.470
Use between 8 a 14 days, n (%) 14 (31.8) 16 (37.2) 30 (34.5) 0,597
Use for more that 14 days, n (%) 9 (20.5) 15 (34.9) 24 (27.6) 0.132
Empirical use, n (%) 9 (20.5) 19 (44.2) 28 (32.2) 0.018
Previous use of meropenem, n (%) 27 (61.4) 36 (83.7) 63 (72.4) 0.020
Previous use of polymyxins, n (%) 28 (63.6) 34 (79.1) 62 (71.3) 0.112
Combined use of meropenem, n (%) 22 (50.0) 33 (76.7) 55 (63.2) 0.010
Combined use of polymyxins, n (%) 22 (50.0) 22 (51.2) 44 (50.6) 0.914
Microbiological characteristics:

Etiologic agent isolated

Enterobacteria’ 34/40 (85.0) 36/37 (97.3) 70/77 (90.9) 0.110
Others" 6/40 (15.0) 1/37 (2.7) 7177 (9.1) 0.110
Negative cultures 4/44 (9.1) 6/43 (14.0) 10/87 (11.5) 0.521
Distributions of MIC' for tigecycline, n (%)

< 2,00 pg/mL 14/18 (77.8) 9/18 (50.0) 23/36 (63.9) 0.083
2,00 pg/mL 4/18 (22.2) 6/18 (33.3) 10/36 (27.8) 0.457
> 2,00 pg/mL 0/18 (0.0) 3/18 (16.7) 3/36 (8.3) 0.229
Isolates without MIC 22/40 (55.0) 19/37 (51.4) 41/77 (53.2) 0.749
Susceptibility, n (%6)

Tigecycline 14/18 (77.8) 9/18 (50.0) 23/36 (63.9) 0.083
Polymyxin B 11/31 (35.5) 16/34 (47.1) 27/65 (41.5) 0.344
Meropenem 2/39 (5.1) 1/37 (2.7) 3/76 (3.9) 1.000
Amikacin 24/39 (61.5) 29/37 (78.4) 53/76 (69.7) 0.110
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Outcomes:

Hospital

Death within 30 days after 21 (47.7) 21 (48.8) 42 (48.3) 0.918
treatment

Death after 30 days of 3(6.8) 3(7.0) 6 (6.9) 1.000
treatment

Overall intra-hospital 24 (54.5) 24 (55.8) 48 (55.2) 0.905
mortality

Discharge from hospital 20 (45.5) 19 (44.2) 39 (44.8) 0.905
Microbiological

Bacteriological cure 17/27 (63.0) 17/31 (54.8) 34/58 (58.6) 0.531
Death  related to  the 23/24 (95.8) 20/24 (83.3) 43/48 (89.6) 0.348

infectious process

Notes: *Simplified Acute Physiology I11. *This variable was available for 12 patients in the standard dose group
and 21 patients in the high dose group. ‘Acute Physiology And Chronic Health Evaluation I1.-“This variable was
available for 13 patients in the standard group and 10 patients in the high dose group. °Intensive Care Unit.
"Interquartile range. Represented by 67 cases of Klebsiella pneumoniae, 2 cases of Enterobacter sp. and 1 case
of Klebsiella oxytoca. "Represented by 2 cases of Acinetobacter baumannii, 2 cases of Pseudomonas aeruginosa,
1 case of Burkholderia cepacia complex, 1 case of Achromobacter sp. and 1 case of Staphylococcus sp.

coagulase-negative. '"Minimum Inhibitory Concentration.

The groups did not differed significantly in demographic characteristics. Regarding
clinical characteristics, there was no significant difference in severe neutropenia,
hospitalization units, SAPS I1l. However, mean APACHE Il was significantly higher in the
standard dose group (p = 0.008). About comorbidities, there were more cases of solid organ
transplantation in the high dose group, with 37.2% (16 cases) vs. 13.6% (6 cases); p = 0.011,

but the other comorbidities did not.

About the therapeutic characteristics, high dose group had longer TGC treatment
(median = 12; IQR =7 — 21 days) compared to standard one (median = 8; IQR =5 — 21 days)
and it was statistically significant (p = 0.018). Besides, those patients treated with high doses
also received TGC empirically more frequently if compared with stantard dose’s treated

patients (44.2% and 20.5%; p = 0.018).

Overall intra-hospital mortality rate in both groups were statistically similar: 55.8%
and 54.5%, for high and standard dose, respectively (p = 0.905), as well as bacteriological

cure (24 and 24 cases; p = 0.531) and death related to the infectious process (20 and 23 cases;
17



p = 0.156). Using Kaplan-Meier curve analysis (figure 1 and figure 2), there was no evidence
of a statistically significant difference in survival or discharge time between both groups (p =
0.649 and p = 0.496, respectively).
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Figure 1. Kaplan-Meier curve for cumulative survival time analysis.
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Table 2 shows the results of the univariate analysis of factors associated with death.
In this analysis, p < 0.25 was considered significant and, therefore, these variables were taken
for multivariate analysis.

In this study, 48 episodes (55.2%) of TGC use had the death as outcome. Significant
differences were observed between survivors and non-survivors regarding severe neutropenia,
since patients who died had more of this condition (25.0 x 12.8; p = 0.247). There was also a
significant difference in surgical (p = 0.145) and special care hospitalization units (p = 0.009);
solid organ transplantation (p = 0.140) and hematological malignancy comorbidity (p =
0.131); and abdominal infection site (p = 0.049). Regarding the therapeutic characteristics,
there was a significant difference between the previous use of meropenem (p = 0.032) and
polymyxins (p = 0.068), as well as the combined use of these antibiotics (p = 0.235 and p =

0.223, respectively), being more frequent on the non-survivors group.

Table 2. Univariate analysis of factors associated with death.

Number of patients

Variables Survivors group (n=39)  Non-survivors group (n = 48) p value PR? (95% CI°)

Demographics:

Male sex, n (%) 21 (53.8) 34 (70.8) 0.925  1.031 (0.341-1.150)

Age, years, mean (SD) 39.6 (22.3) 42.9 (19.8) 0.824 1.002 (0.988-1.016)

Clinical characteristics:

Severe neutropenia, n (%) 5(12.8) 12 (25.0) 0.247 0.500 (0.155-1.615)
Hospitalization unit, n (%6)

ICU® 12 (30.8) 30 (62.5) 0.516  1.220 (0.670-2.221)
Clinic 9 (23.1) 8 (16.7) 0.274  0.588 (0.277-1.521)
Cirurgic 7 (17.9) 2 (4.2) 0.145  1.547 (0.860-2.783)
Oncological 2(5.1) 2(4.2) - -

Bone marrow transplant 8 (20.5) 6 (12.5) 0.689 0.809 (0.287-2.283)
Special cares 1(2.6) 0 (0.0 0.009 1.875 (1.168-3.010)
Site of infection, n (%)

Bacteremia 14 (35.9) 17 (35.4) 0.777  0.902 (0.440-1.849)
Lung 4(10.3) 8 (16.7) 0.335  0.444 (0.085-2.313)
Urinary tract 9(23.1) 6 (12.5) 0.253  1.410 (0.782-2.541)
Abdomen 5(12.8) 6 (12.5) 0.049  1.800 (1.003-3.229)
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Others 1(2.6) 3(6.3) 0.858  0.875(0.204-3.761)
Bone 2(5.1) 2(4.2) - -

Not informed 4 (10.3) 6 (12.5) - -
Comorbidities, n (%0)

Hematological cell 9(23.1) 21 (43.8) 0.131 0.397 (0.120-1.316)
malignancy

Solid organ malignacy 3(7.7) 5(10.4) - -

Solid organ transplant 11 (28.2) 11 (22.9) 0.140 1.547 (0.867-2.760)
Bone marrow transplant 5 (12.8) 14 (29.2) 0.468 0.542 (0.103-2.940)
Others 21 (53.8) 20 (41.7) 0.681  1.167 (0.559-2.436)
More than one 18 (46.2) 27 (56.3) 0.828 0.926 (0.469-1.834)
comorbidity

Therapeutic characteristics:

Days of use, meadian 14,0 (7-19) 8,0 (4-12) 0.727 1.004 (0.983-1.026)
(IQRY)

Use till 48 hours, n (%) 3(7.7) 11 (22.9) 0.824  1.107 (0.452-2.708)
Use between 3 to 7 days, n 7(17.9) 12 (25.0) 0.469 1.293 (0.645-2.593)
(%)

Use between 8 to 14 days, 12 (30.8) 18 (37.5) 0.481 0.774 (0.380-1.578)
n (%)

Use for more that 14 days, 17 (43.6) 7 (14.6) 0.836 1.071 (0.560-2.049)
n (%)

Empiric use, n (%) 12 (30.8) 16 (33.3) 0.991  0.996 (0.469-2.116)
Previous use of 23 (59.0) 40 (83.3) 0.032  0.545 (0.312-0.950)
meropenem, n (%)

Previous use of 24 (61.5) 38(79.2) 0.068 0.586 (0.330-1.041)
polymyxins, n (%)

Combined use  of 24 (61.5) 31 (64.6) 0.235  0.693 (0.378-1.270)
meropenem, n (%)

Combined use of 14 (35.9) 30 (62.5) 0.223 0.551 (0.211-1.436)
polymyxins, n (%)

Microbiological characteristics:

Etiologic agent isolated

Enterobacteria 34/35 (97.1) 36/42 (85.7) - -

Others 1/35 (2.9) 6/42 (14.3) - -
Negative cultures 14/39 (35.9) 9/48 (18.8) - -
Distributions of MIC® for tigecycline, n (%)

< 2,00 pg/mL 14/19 (73.7) 9/17 (41.2) 0.537  1.273 (0.591-2.740)
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2,00 pg/mL 5/19 (26.3) 5/17 (29.4)  0.771  1.116 (0.533-2.334)

> 2,00 pg/mL 0/0 (0.0) 3/17 (17.6) - -

Isolates without MIC 16/35 (45.7) 25/42 (59.5) - -
Susceptibility, n (%)

Tigecycline 14/19 (73.7) 9/17 (52.9) 0.537  1.273 (0.591-2.740)
Polymyxin B 13/31 (41.9) 14/34 (41.2)  0.782  0.857 (0.288-2.550)
Amikacin 25/35 (71.4) 28/41 (68.3) 0.493  0.782(0.388-1.578)

Microbiologic outcome:

Bacteriological cure 19/30 (63.3) 15/28 (5.6)  0.848  0.943 (0.464-1.881)

Notes: ® Prevalence ratio. ” Confidence interval. ¢ Intensive Care Unit. “Interquartile range. °Minimum Inhibitory

Concentration.

Regarding the multivariate analysis with Poisson regression (table 3), it was found that
the combined use of meropenem, previous use of polymyxin and infection with abdominal

site were predictors of overalll intra-hospital mortality.

Tabela 3. Multivariete analysis of risk factors for mortality.

Variable p value PR? (95% IC")
Tigecycline maintenance dose 0.155 1.738 (0.812-3.721)
Combined use of meropenem 0.016 2.435 (1.176-5.040)
Previous use of polymyxins 0.006 2.908 (1.363-6.206)
Abdomen 0.003 5.875 (1.834-18.706)

3prevalence ratio. "Confidence intervals.
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4. Discussion

The present study was designed to evaluate whether different therapeutic regimens of
TGC could lead to better outcomes in critically ill patients. Our data showed that overall in-
hospital mortality among the 87 cases after treatment with TGC was high (55.2%) and
statistically similar between standard and high dose groups. Besides, in this study, patients

who were treated with high doses did not live longer than those using standard regimens.

Geng et al. (2018) in a retrospective cohort study with n = 40 of patients with
nosocomial bloodstream infections due to carbapenem-resistant Klebsiella pneumoniae, found
a numerically lower mortality in the high dose group (200 mg attack dose, followed by 100
mg every 12 hours), with 52.2% vs. the group that used the standard dose (100 mg attack
dose, followed by 50 mg every 12 hours), with 76.5% (p = 0.117), but with no significant
difference. However, contrary to our findings, the authors showed a significantly longer
survival time in patients in the high dose group (mean: 83 days vs. 28 days; p = 0.027). It is
important to emphasize that our study contained in its sampling a larger and more similar n
when dividing the groups. However, the mean APACHE |1 for the study of Geng et al. (2018)
was 20.7 £ 9.4 in the high dose group, and in our study it was 19.9 £ 5.8, suggesting clinical

similarity of disease severity.

In a retrospective study by De Pascale et al. (2014), patients with ventilator-associated
pneumonia received TGC at doses of 50 mg every 12 hours or 100 mg every 12 hours,
forming two subgroups with 30 and 33 patients, respectively. The major pathogens isolated
were Acinetobacter baumannii and Klebsiella pneumoniae (28 and 30 cases, each). There was
no significant difference in ICU mortality in the two groups, with 66.6% (20 cases) in the
standard dose group and 48.4% (16 cases); p = 0.14.

Another retrospective study with 16 episodes of carbapenemase-producing Klebsiella
pneumoniae infections by Moreno et al. (2014), compared the maintenance dose of TGC (100
mg vs. 200 mg per day) and there was no statistical difference in clinical response and
outcome. The overall mortality of patients treated with 100 mg per day was 33.3% and at 200
mg per day was 20.0% (p = 0.55). The overall mean APACHE 11 at the start of TGC therapy
in this study was 16.6 + 5.2. In our sample, the mean score was 23.7 £ 6.4. This difference in
severity may be related to the difference in mortality, which in the study by Moreno et al.
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(2014) was only 25% in 30 days and, for us, it was 48.3% within 30 days after the TGC

course and 55.2% overall.

Falagas and coworkers (2014) reviewed the efficacy and safety of therapeutic
regimens containing high doses of TGC. They found that mortality in the cohort studies at the
high dose (100 mg every 12 hours) ranged from 8.3% to 26%, while the low dose (50 mg
every 12 hours) ranged from 8% to 61%, and varied according to the severity of the
underlying infection. These data must be interpreted carefully because there were few studies
for analysis in this systematic review. Ni et al. (2016) in a systematic review with meta-
analysis found significantly lower ICU mortality in the high dose groups in the analysis of
data from two studies, but, controversially, in the analysis of two other studies, there was no
difference in mortality in 30 days. Similarly to the study cited above, Ni et al. (2016) also

included few patients for analysis due to a shortage of studies.

The main justification for the use of high dose TGC is based on pharmacokinetic
studies. The low maximum serum concentration of TGC compromises its use to treat
infections with bacteremia in the previously approved therapeutic regimen, especially in the
case of pathogens with high MIC, since it is important to have antibiotic concentrations above
this level for therapeutic success (Giamarellou and Poulakou, 2011). Bloodstream infections
were highly prevalent in our case series (35.6%; 31 cases). Borsuk-De Moor and coworkers
(2018) also studied critically ill patients. They evaluated pharmacokinetics of high-dose TGC
in patients with sepsis and septic shock, with 37 adult ICU patients receiving an attack dose of
200 mg, followed by 100 mg every 12 hours. The developed model, however, did not show

that there is a need for dose adjustment based on the available covariates of the patients.

As mentioned previously, in infections with pulmonary focus, one of the most
prevalent in our study (13.8%; 12 cases), the concentration of TGC in the pulmonary
epithelial fluid may be lower than needed, leading to the inability of microbiological cure
based on the pathogen MIC (Burkhardt et al., 2009). Indeed, Xie et al. (2013) in a
pharmacokinetic/pharmacodynamic analysis of TGC, observed excellent in vitro activity but
in vivo standard dose failure for resistant strains, including Acinetobacter baumannii,

Enterobacter sp. and Klebsiella pneumoniae.

We recognized many limitations in our study, such as the retrospective nature, and the

low number of patients in each group. The major limitation, however, is the fact that we
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analysed a heterogeneous group of patients considering type of infection, which may create a
confounding factor, once infections may be highly variable in severity and life-threatening.
Besides, we were not able to relate MIC and outcome (death or survival) because our limited
number of patients. This is a limitation as dose regimens of TGC is a subject of major concern
and the outcomes of this antibiotic treatments may be highly influenced by microrganisms
and pharmacokinetics/pharmacodinamics characteristics, such as MIC and site of infection.
Increasing the number of patients presenting infections and including those with variable
MICs will improve our statistical analysis, such as a subgroup analysis, only with patients
with Klebsiella pneumoniae bacteremia, wich represents the most prevalent microorganism

and site of infection in our study.
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5. Conclusion

Despite limitations described above, in this study, there was no greater benefit in the
use of high doses of TGC, since there was no statistically significant difference in intra-
hospital mortality and time survival among groups. Studies with a more robust design should
be performed, since the importance of TGC use can not be ruled out mainly considering

infections caused by multiresistant pathogens.
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studies; CHEERS for economic evaluations; and ORION for outbreak reports and
interventional, non-randomized studies of nosocomial infections. The appropriate checklist
should be submitted at the time of the article submission. All reporting guidelines can be

found at the EQUATOR network site: http://www.equator-network.org/reporting-guidelines
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All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of potential
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disclose any interests in two places: 1. A summary declaration of interest statement in the title
page file (if double-blind) or the manuscript file (if single-blind). If there are no interests to
declare then please state this: 'Declarations of interest: none'. This summary statement will be
ultimately published if the article is accepted. 2. Detailed disclosures as part of a separate
Declaration of Interest form, which forms part of the journal's official records. It is important
for potential interests to be declared in both places and that the information matches.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract, a published lecture or academic thesis, see 'Multiple,
redundant or concurrent publication' for more information), that it is not under consideration
for publication elsewhere, that its publication is approved by all authors and tacitly or
explicitly by the responsible authorities where the work was carried out, and that, if accepted,
it will not be published elsewhere in the same form, in English or in any other language,
including electronically without the written consent of the copyrightholder. To verify
originality, all articles will be checked by the originality detection service Crossref Similarity
Check. The Editor-in-Chief reserves the right to reject any manuscript that has too high a

level of similarity to other published works.
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All authors should have made substantial contributions to all of the following: (1) the
conception and design of the study, or acquisition of data, or analysis and interpretation of
data, (2) drafting the article or revising it critically for important intellectual content, (3) final

approval of the version to be submitted.

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting
their manuscript and provide the definitive list of authors at the time of the original
submission. Any addition, deletion or rearrangement of author names in the authorship list
should be made only before the manuscript has been accepted and only if approved by the
journal Editor. To request such a change, the Editor must receive the following from the
corresponding author: (a) the reason for the change in author list and (b) written
confirmation (e-mail, letter) from all authors that they agree with the addition, removal or
rearrangement. In the case of addition or removal of authors, this includes confirmation from
the author being added or removed.
Only in exceptional circumstances will the Editor consider the addition, deletion or
rearrangement of authors after the manuscript has been accepted. While the Editor considers
the request, publication of the manuscript will be suspended. If the manuscript has already
been published in an online issue, any requests approved by the Editor will result in a

corrigendum.

Preparation

Introductory information

Papers for the full-length category should not exceed 3,500 words and 5 tables and/or figures,
except for review articles, which are at the discretion of the editor. Papers for the Notes
category, which is intended for the presentation of brief observations (including instructive
case reports), that do not warrant full-length papers, should not contain any section heading
and should not exceed 1,000 words and 2 figures and/or tables. Letters to the editor should not
exceed 500 words, and in general are limited to correspondence and observations associated
with published articles and should not be used as a substitute for publishing independent work
in the full-length or note formats.
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The first page of the manuscript should include: title, running title (of not more than 45
characters and spaces), word counts of the abstract and body of the text, full names of all
authors, address of the institution at which the work was performed, and the corresponding
author's full address, telephone number, and FAX number. Any change of address by any of
the authors should also be noted.

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise through the
creation and uploading of your files. The system automatically converts your files to a single
PDF file, which is used in the peer-review process.
As part of the Your Paper Your Way service, you may choose to submit your manuscript as a
single file to be used in the refereeing process. This can be a PDF file or a Word document, in
any format or lay-out that can be used by referees to evaluate your manuscript. It should
contain high enough quality figures for refereeing. If you prefer to do so, you may still
provide all or some of the source files at the initial submission. Please note that individual

figure files larger than 10 MB must be uploaded separately.

References

There are no strict requirements on reference formatting at submission. References can be in
any style or format as long as the style is consistent. Where applicable, author(s) name(s),
journal title/book title, chapter title/article title, year of publication, volume number/book
chapter and the article number or pagination must be present. Use of DOI is highly
encouraged. The reference style used by the journal will be applied to the accepted article by
Elsevier at the proof stage. Note that missing data will be highlighted at proof stage for the
author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential
elements needed to convey your manuscript, for example Abstract, Keywords, Introduction,
Materials and Methods, Results, Conclusions, Artwork and Tables with Captions.
If your article includes any Videos and/or other Supplementary material, this should be
included in your initial submission for peer review purposes.

Divide the article into clearly defined sections.
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Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the
relevant text in the manuscript, rather than at the bottom or the top of the file. The

corresponding caption should be placed directly below the figure or table.
Peer review

This journal operates a single blind review process. All contributions will be initially assessed
by the editor for suitability for the journal. Papers deemed suitable are then typically sent to a
minimum of two independent expert reviewers to assess the scientific quality of the paper.
The Editor is responsible for the final decision regarding acceptance or rejection of articles.

The Editor's decision is final.
REVISED SUBMISSIONS
Peer review

Regardless of the file format of the original submission, at revision you must provide us with
an editable file of the entire article. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. The electronic text
should be prepared in a way very similar to that of conventional manuscripts.
To avoid unnecessary errors you are strongly advised to use the 'spell-check’ and ‘grammar-
check' functions of your word processor. Please include line and page numbers in your

manuscript file.

When submitting your revised manuscript, please include a version of the manuscript with all
changes tracked or highlighted so the editors can easily identify the revisions that have been

made, along with a “clean,"” unmarked version.
Article structure
Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ..), 1.2, etc. (the abstract is not included in section

numbering). Use this numbering also for internal cross-referencing: do not just refer to 'the
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text'. Any subsection may be given a brief heading. Each heading should appear on its own

separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed

literature survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher.
Methods that are already published should be summarized, and indicated by a reference. If
quoting directly from a previously published method, use quotation marks and also cite the

source. Any modifications to existing methods should also be described.

Results

Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined
Results and Discussion section is often appropriate. Avoid extensive citations and discussion

of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which

may stand alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and
equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a
subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig.
A.l, etc.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid

abbreviations and formulae where possible.
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» Author names and affiliations. Please clearly indicate the given name(s) and family
name(s) of each author and check that all names are accurately spelled. You can add your
name between parentheses in your own script behind the English transliteration. Present the
authors' affiliation addresses (where the actual work was done) below the names. Indicate all
affiliations with a lower-case superscript letter immediately after the author's name and in
front of the appropriate address. Provide the full postal address of each affiliation, including

the country name and, if available, the e-mail address of each author.

 Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. This responsibility includes answering any
future queries about Methodology and Materials. Ensure that the e-mail address is given

and that contact details are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article
was done, or was visiting at the time, a 'Present address' (or 'Permanent address) may be
indicated as a footnote to that author's name. The address at which the author actually did the
work must be retained as the main, affiliation address. Superscript Arabic numerals are used

for such footnotes.

Abstract

A concise and factual abstract is required. It should be 150 words or less for full-length papers
and 50 words or less for notes. The abstract should state briefly the purpose of the research,
the principal results and major conclusions. An abstract is often presented separately from the
article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations
should be avoided, but if essential they must be defined at their first mention in the abstract
itself.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling

and avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of").
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Be sparing with abbreviations: only abbreviations firmly established in the field may be

eligible. These keywords will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first
page of the article. Such abbreviations that are unavoidable in the abstract must be defined at
their first mention there, as well as in the footnote. Ensure consistency of abbreviations
throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references
and do not, therefore, include them on the title page, as a footnote to the title or otherwise.
List here those individuals who provided help during the research (e.g., providing language

help, writing assistance or proof reading the article, etc.).

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx,
yyyyl; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the
United States Institutes of Peace [grant number aaaa.

It is not necessary to include detailed descriptions on the program or type of grants and
awards. When funding is from a block grant or other resources available to a university,
college, or other research institution, submit the name of the institute or organization that

provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units

(SI). If other units are mentioned, please give their equivalent in SI.
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Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for
small fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers
of e are often more conveniently denoted by exp. Number consecutively any equations that

have to be displayed separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many
word processors build footnotes into the text, and this feature may be used. Should this not be
the case, indicate the position of footnotes in the text and present the footnotes themselves

separately at the end of the article.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and
vice versa). Any references cited in the abstract must be given in full. Unpublished results and
personal communications are not recommended in the reference list, but may be mentioned in
the text. If these references are included in the reference list they should follow the standard
reference style of the journal and should include a substitution of the publication date with
either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press'

implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links
to the sources cited. In order to allow us to create links to abstracting and indexing services,
such as Scopus, CrossRef and PubMed, please ensure that data provided in the references are
correct. Please note that incorrect surnames, journal/book titles, publication year and
pagination may prevent link creation. When copying references, please be careful as they may

already contain errors. Use of the DOI is highly encouraged.
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A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic
article. An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C.,
Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the
Lesser Antilles slab beneath northeastern Venezuela. Journal of Geophysical Research,
https://doi.org/10.1029/2001JB000884. Please note the format of such citations should be in

the same style as all other references in the paper.
Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a source
publication, etc.), should also be given. Web references can be listed separately (e.g., after the

reference list) under a different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by
citing them in your text and including a data reference in your Reference List. Data references
should include the following elements: author name(s), dataset title, data repository, version
(where available), year, and global persistent identifier. Add [dataset] immediately before the
reference so we can properly identify it as a data reference. The [dataset] identifier will not

appear in your published article.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any

citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular
reference management software products. These include all products that support Citation
Style Language styles, such as Mendeley and Zotero, as well as EndNote. Using the word
processor plug-ins from these products, authors only need to select the appropriate journal
template when preparing their article, after which citations and bibliographies will be

automatically formatted in the journal's style. If no template is yet available for this journal,
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please follow the format of the sample references and citations as shown in this Guide. If you
use reference management software, please ensure that you remove all field codes before

submitting the electronic manuscript.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking

the following link:

http://open.mendeley.com/use-citation-style/diagnostic-microbiology-and-infectious-disease
When preparing your manuscript, you will then be able to select this style using the Mendeley

plug-ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in
any style or format as long as the style is consistent. Where applicable, author(s) name(s),
journal title/book title, chapter title/article title, year of publication, volume number/book
chapter and the article number or pagination must be present. Use of DOI is highly
encouraged. The reference style used by the journal will be applied to the accepted article by
Elsevier at the proof stage. Note that missing data will be highlighted at proof stage for the
author to correct. If you do wish to format the references yourself they should be arranged

according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of

publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by ‘et al." and the year of publication.
Citations may be made directly (or parenthetically). Groups of references can be listed either
first alphabetically, then chronologically, or vice versa.
Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999).... Or, as
demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown ...'
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List: References should be arranged first alphabetically and then further sorted
chronologically if necessary. More than one reference from the same author(s) in the same

year must be identified by the letters ‘a’, 'b', 'c’, etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci
Commun 2010;163:51-9. https://doi.org/10.1016/j.S¢.2010.00372.

Reference to a journal publication with an article number:

Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. Heliyon.
2018;19:e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.

Reference to a chapter in an edited book:

Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS,
Smith RZ, editors. Introduction to the electronic age. New York: E-Publishing Inc; 2009. p.
281-304.

Reference to a website:

Cancer Research UK, Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/, 2003(accessed 13
March 2003).

Reference to a dataset:
[dataset] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese oak wilt

disease and surrounding forest compositions, Mendeley Data, v1; 2015.
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https://doi.org/10.17632/xwj98nb39r.1.

Note shortened form for last page number. e.g., 51-9, and that for more than 6 authors the
first 6 should be listed followed by “et al." For further details you are referred to "Uniform
Requirements for Manuscripts submitted to Biomedical Journals® (J Am MedAssoc
1997;277:927-34)

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word Abbreviations.
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