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Abstract: 
Background: 

The rise of Multi-Drug Resistant (MDR) and Extensively Drug Resistant (XDR) infections 

has led to fewer choices of antimicrobials in the pediatric population. Since tigecycline has in 

vitro activity against gram-positive and gram-negative infections, it can be used as a 

combination therapy in pediatric and neonatal populations. 

Objective:  

To study tigecycline use for MDR and XDR infections, and microbiological and clinical 

outcomes in pediatrics and neonates. 

Methods: 

Retrospective chart review was performed for twenty-eight pediatric and neonatal patients 

who received tigecycline at least 48 hours after a report of antimicrobial susceptibility at 

different culture sites. The outcomes observed were microbial eradication, clinical 

improvement, mortality, and adverse effects in the described patients. 

Results: 

The median duration of therapy was 11 days, and median length of stay in the hospital was 

30 days. Twenty-two (78.6%) children were in the intensive care unit with median length of 

stay of 13 days. Microbiological eradication was checked in only twenty patients, achieved in 
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15 (75%) children with a median duration of 2.5 (2-3) days. The mortality rate of patients 

was 11 (39.3%), among which three (11%) had multidrug-resistant, seven (25%) had 

extensive drug-resistant, and one patient had a pan-sensitive pathogen. The highest rate of 

mortality was associated with bloodstream infections, although there was no statistical 

significance associated. 

Conclusion: 

Tigecycline is an option for children mainly due to infections caused by MDR and XDR 

pathogens. More prospective and controlled trials are needed to determine the relationship 

between dosing and pharmacokinetic parameters for this population set. 

Introduction: 

The emergence of drug-resistant Enterobacteriaceae for the last two decades has increased 
the worldwide threat to health care and risk of treatment failure in nosocomial and 
community-acquired infections, leaving limited options of antibiotics for treatment. (1) 
Plasmid-mediated changes or chromosomal overproduction of mutant AmpC enzymes are 
considered the primary reason for spreading antibiotic resistance. (2) Carbapenem-resistant 
Enterobacteriaceae can cause significant serious infections like urinary tract infections, intra-
abdominal infections, pneumonia, and device-associated infections leading to prolonged 
hospitalization and poor patient outcomes resulting in increased morbidity and mortality. (3) 

Tigecycline is an antimicrobial group of glycylcyclines with a broad-spectrum bacteriostatic 
property against Gram-positive and Gram-negative organisms. It is the last-line therapeutic 
choice used concomitantly with other antibiotics against multidrug-resistant (MDR) and 
extensively drug-resistant (XDR) pathogens, especially carbapenem-resistant 
Enterobacteriaceae in critically ill patients. (4) It was approved by the American Food drugs 
and administration (FDA) for complicated skin, soft tissues, intra-abdominal infections, and 
community-acquired pneumonia in adults in 2005. It is also widely used off-label in the 
treatment of Ventilator-associated pneumonia (VAP), hospital-acquired pneumonia (HAP), 
bloodstream infections (BSI), catheter-related infections, osteomyelitis, and urinary tract 
infection caused by MDR and XDR microorganisms. (5, 6) According to the Food and Drug 
Administration (FDA), the use of tigecycline in the pediatric population less than 18 years 
should not be considered until no other antibacterial choices are available against gram-
negative pathogens. (7) 

However, limited clinical data is available on the safety and efficacy of tigecycline when used 
with a combination of other antimicrobial drugs in the pediatric population. It has been 
reported to treat life-threatening infections (like sepsis, bacteremia, urinary tract infections, 
peritonitis, nosocomial pneumonia, skin, and soft tissue infections, or meningitis) in the 
pediatric age group, including neonates. (8, 9) The recommended loading dose is 1.5 or 2.0 
mg/kg of intravenous tigecycline followed by a maintenance dose of 1mg/kg every 12 hours 
(maximum dose of 50 mg every 12 h). (10, 11) Since the experience of tigecycline use in 
children against MDR and XDR pathogens is never reported in Pakistan, we retrospectively 
identified and analyzed cases who had been treated with tigecycline over the past five years 
in a tertiary hospital. 
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Methodology: 

The retrospective files review from January 2016 to December 2020 was conducted in the 
Pediatrics and Child Health Department at the Aga Khan University Hospital (AKUH), Karachi. 
Data of children aged from 0 months to 18 years were admitted and administered intravenous 
tigecycline during the hospital stay. Targeted treatment was defined as children who received 
tigecycline for at least 48 hours, after a report of antimicrobial susceptibility of the isolated 
pathogens with a loading dose of 2 mg/kg, followed by 1 mg/kg q12 h. Empiric treatment was 
defined as starting tigecycline therapy when no response to sepsis with other antimicrobials. 
Children who received less than four doses of intravenous tigecycline were excluded from the 
study. Data was collected on a predesigned structured questionnaire on demographics, 
clinical characteristics, laboratory investigation, combination antibiotic treatment is given, 
duration of tigecycline therapy, adverse effects of tigecycline after 48 hours of its 
administration (i.e., diarrhea, nausea, vomiting, liver function tests, blood urea 
nitrogen/creatinine, platelets count, prothrombin time/international normalized ratio), 
length of hospital stay (days), site of infection, type of isolated pathogens and their 
susceptibility pattern of antibiotics, mortality, microbial eradication (defined as eradication 
of multidrug or extensive drug-resistant gram-negative bacteria achieved, at least after 48 
hours of treatment of tigecycline by repeating cultures). Multidrug resistance gram-negative 
bacteria (MDR) are defined as resistance to at least three antimicrobial agents against the 
gram-negative pathogen. Extensively drug-resistant gram-negative bacteria (XDR) are defined 
as resistant to almost all classes of antibiotics except one or two classes of antibiotics (mainly 
polymyxin and tigecycline). 

The Ethical Review Committee of AKUH exempted the study. Statistical analysis was 
performed using SPSS version 22 software. For categorical variables such as gender, antibiotic 
used for treatment, antimicrobial susceptibility pattern, and mortality, the frequency with 
percentages is reported, and for quantitative variables such as length of hospital stay (days), 
duration of tigecycline treatment, Mean±SD /median ± interquartile range (IQR) are reported 
depending upon data distribution. Fisher's exact test was used to compare the mortality of 
bloodstream infections to that of non-bacteremia infections. A p-value < 0.05 was considered 
significant. 
 
Results:  
During the study period, of 28 participant files reviewed, twenty-five (89%) patients received 
targeted tigecycline treatment with combination antibiotics against culture-proven gram-
negative organisms, and three (10.7%) received empiric tigecycline treatment because of 
progressive sepsis and no response to broad-spectrum antibiotics. Male predominance was 
observed in 19 (68%) cases. Antibiotics used in these patients before tigecycline therapy were, 
meropenem 28 (100%), colistin 19 (68%), Fosfomycin 13 (46.4%) and vancomycin 20 (71.4%). 
Bacteremia 15 (53.6%) was the most common indication for tigecycline use, followed by 
pneumonia 6 (21.4%) and intra- abdominal sepsis 6 (21.4%), as shown in table 1. 
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Table 1 Demographics and clinical characteristics of Tigecycline use in children in 

hospital. 

Variables N= 28 (%) 

Age 

Neonates 

<1year 

1-5 years 

>5 years 

 

9 (32) 

5 (17.9) 

3 (10.7) 

11 (39.3) 

Gender 

Female 

Male 

 

9 (32) 

19 (68) 

Positive culture  

-From one site 

-From more than one site 

25 (89) 

16 (57.1) 

9 (32.1) 

Site of infection 

Bacteremia 15 (53.6) 

Urinary tract infection 2 (7.1) 

Pneumonia 6 (21.4) 

Skin and Soft Tissue Infection 3 (10.7) 

Meningitis/Ventriculitis 2 (7.1) 

Intra-abdominal sepsis 6 (21.4) 
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The most frequent isolated pathogens were E-coli 8 (28.6%), Acinetobacter 3 (10.7%), Serratia 
7 (25%), Klebsiella 8 (28.6%), Raoultella 2 (7.1%), and all of them were carbapenem-resistant. 
Of the three patients who received empiric therapy with tigecycline for at least five days, one 
had Candida, one had Aspergillus Flavus, and one had pan-sensitive Enterobacter. The median 
duration of tigecycline therapy was 11 (10-17) days, and the median length of stay in the 
hospital was 30 (11-40) days. Twenty-two (78.6%) children were in the intensive care unit at 
the time of their infection with a median length of stay of 13 (6-19) days. The median duration 
of mechanical ventilation was 7.5 (4-14) days. Multi-organ involvement was seen in 10 
(35.7%) cases. Tigecycline combination therapy was used with meropenem in 3 (10.7%) 
children, with meropenem, and colistin 13 (46.4%), with meropenem and Fosfomycin 9 (32%), 
with meropenem, Fosfomycin, and colistin in 3 (10.7%) children. Survival of Tigecycline 
targeted therapy with combination antibiotics is shown in table 2.  

  

Central line-associated infection 2 (7.1) 

Pre-existing condition 21 (75) 

Intensive care  22 (78.6) 

Mechanical Ventilation 16 (57.1) 

Length of hospital stay in days; Median (IQR) 30 (11-40) 

Sterility achieved (Microbiological eradication) n=20 15 (75.0) 

Antibiotic susceptibility pattern of isolated 

pathogens 

Multidrug-resistant 

Extensive drug-resistant 

25 (89.2) 

7 (25.0) 

18 (64.3) 

Duration of Tigecycline treatment in days; (Median 

(IQR)) 

11 (10-17) 

Mortality 11 (39.3) 

History of Medicine, 2024, 10(2): 1062-1073
DOI: https://doi.org/10.17720/d6q6m940

1066 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 Survival of Tigecycline targeted therapy with combination antibiotics. 

     Combination therapy 

 

      Survival XDR  

          n=11 (%) 

            Survival MDR   

                    n=4 (%) 

 

Tigecycline + Meropenem 

 

1 (7) 

 

 

1 (7 ) 

 

Tigecycline + Meropenem + 

Colistin 

 

4 (27) 

 

3 (20 ) 

 

Tigecycline+ Meropenem + 

Fosfomycin 

 

 

5 (33) 

 

 

- 

 

Tigecycline+ Meropenem + 

Fosfomycin+ Colistin 

 

1 (7) 

 

- 
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Microbiological eradication was checked in only twenty patients, achieved in 15 (75%) 
children with a median duration of 2.5 (2-3) days. The mortality rate of patients was 11 
(39.3%), among which three (11%) had multidrug-resistant pathogens, seven (25%) had 
extensive drug-resistant pathogens, and one (3.6%) who had pan sensitive Enterobacter died 
due to respiratory failure secondary to comorbid (thalassemia major and hepatitis C). Data 
on the clinical adverse effects of tigecycline therapy after 48 hours of administration were not 
available in records. However, deranged liver function test in 6 (21.4%) cases, raised 
prothrombin time/international normalized ratio 2 (7.1%), raised blood urea 
nitrogen/creatinine 2 (7.1%) and thrombocytopenia in 20 (71.4%) children were identified, 
which may also have an alternative explanation of overwhelming sepsis. By comparing the 
mortalities of bacteremia and non-bacteremia infection through Fischer's exact test, they 
were insignificant. The mortality of all cases is summarized in table 3. 
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Table 3 Clinical presentation of children who expired with MDR and XDR gram negative infections. 

Case 

# 

Age Gender 

 

Pre-existing 

Condition 

Multi-organ 

involvement 

(yes/no) 

Site of 

culture 

Isolated 

organism 

(MDR or 

XDR) 

Combination 

therapy with 

tigecycline 

Tigecycline 

therapy   

(days) 

Length 

of stay 

(days) 

Microbial 

eradication 

(yes/no) 

1 Neonate Female Congenital heart 

disease/Meconium 

aspiration 

syndrome 

Yes Blood Serratia 

(XDR) 

Meropenem 

Fosfomycin 

Colistin 

3 5 Yes 

2 Neonate Male d-TGA status post 

arterial switch, 

pneumoperitoneum, 

laparotomy with 

wound dehiscence 

Yes Blood 

Trachea 

Peritoneum 

Serratia 

(XDR) 

Meropenem 

Fosfomycin 

 

11 40 Yes 

3 13 

years 

Male B-cell ALL with 

Febrile neutropenia 

Yes Blood E. coli 

(XDR) 

Meropenem 

Colistin 

4 25 Yes 

4 4 years Male Intestinal Burkitt 

lymphoma, 

Status post 

laparotomy, 

Acute respiratory 

distress syndrome. 

Yes Blood E. coli 

(XDR) 

Meropenem 17 40 Yes 

5 11 

months 

Male Hemophagocytic 

lymph histiocytosis 

Yes Blood Klebsiella 

pneumonia 

(MDR) 

Meropenem 

Colistin 

2 10 Not 

checked 

6 3 

months 

Male Pneumoperitoneum Yes Peritoneum Raoultella 

(XDR) 

Meropenem 

Colistin 

10 16 Not 

checked 

7 6 years Female B-cell ALL relapse 

with Febrile 

neutropenia 

No Blood E. coli 

(MDR) 

Meropenem 

Fosfomycin 

14 39 No 
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DISCUSSION 

Data regarding the tigecycline in pediatrics and neonates is scarce. The use of tigecycline in 
the pediatric population has been reserved for the last resort for infection caused by MDR 
and XDR organisms though the drug is not FDA approved in the age group less than eight 
years (12). Among the 20 patients checked for microbial eradication, only 15 cultures became 
sterile; cultures were taken from various sites. Mortality related to bacteremia was eight out 
of eleven, among which five patients had microbial eradication (4 blood and 1 Cerebrospinal 
Fluid culture). The reason for these mortalities might have been septic shock and multi-organ 
failure secondary to sepsis. Three patients could not achieve a sterile profile (2 of them had 
bacteremia), and the rest of the three patients' sterility was not checked. One study report 
that sustained bacteremia might contribute to hemodynamic changes to extracellular fluid, 
decreasing the Area under the curve (AUC) of tigecycline and resulting in suboptimal dosing 
(9). Meropenem was used in all cases with tigecycline for synergism even though all patients 
reported carbapenem resistance. Except for one, all the mortalities had multi-organ 
involvement. Studies by Mastrolia et al. and E. Roilides et al. also note increased mortality 
with patients who received tigecycline therapy for bloodstream infections than non-
bacteremia (8, 13). 

Among the neonatal population, one study reported tigecycline's use in seven patients (14), 
while a 5-year experience has reported its use in only four neonates (9). Our study has 
reported use in nine neonates. Two of them had bacteremia. We used a dose of 2 mg per kg 
as loading and then 1 mg per kg per dose as maintenance therapy. A case series reported 

8 13 

years 

Female Status post left 

lower limb 

amputation due to 

degloving injury 

Yes CSF 

Skin and 

Soft Tissue 

Raoultella 

(XDR) 

Meropenem 

Fosfomycin 

10 33 Yes 

9 11 

years 

Male  

- 

Yes Pleura 

Trachea 

Serratia 

Klebsiella 

pneumonia 

(XDR) 

Meropenem 

Fosfomycin 

Colistin 

17 40 No 

10 7 years Male B-cell ALL with 

Febrile neutropenia 

Yes Blood 

Central 

line 

E. coli 

(MDR) 

Meropenem 

Fosfomycin 

10 12 No 

d-TGA= Dextro-Transposition of the Great Arteries, ALL= Acute lymphoblastic leukemia, CSF=cerebral spinal fluid, MDR=multi drug resistant, 

XDR= Extensive drug resistant. 
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maintenance dosages ranging from 1 – 3.2 mg/ kg per dose in children, while other similar 
studies have reported dosages with wide variability (7, 11, 13, 15).  

In our study, MDR E. Coli and Klebsiella was the most common causative agent for infections. 
In a study reported by Mian-Lian Wu et al., Acinetobacter was the most common 
microorganism indicated for tigecycline use (10). The use of tigecycline in MDR and XDR cases 
targets two resistance mechanisms, namely efflux pump mechanism and ribosomal activation 
(16, 17).  

Clinical adverse effects were difficult to distinguish from the disease course; however, in 
previously published literature, thrombocytopenia was the most reported adverse effect with 
tigecycline use (9, 18, 19). Twenty patients developed thrombocytopenia 48-hours post 
tigecycline initiation, though the exact cause is still unknown and can be due to infection, 
parenteral nutrition or hypoxic insult. The other adverse effects found in our study with 
tigecycline use were deranged LFTs, increased INR and increased creatinine. Elevated LFTs 
and coagulation profiles have also been reported previously (13, 20). A recent study also 
reported a 34.6% elevation in INR with tigecycline use (21). Moreover, children's adverse 
effects reported with tigecycline use included diarrhea, vomiting, acute pancreatitis, and 
delayed neutrophil engraftment (11, 22, 23). 

The strength of our study is the inclusion of neonatal and pediatric patients presenting with 
MDR and XDR organisms with different cultural sites. Though this was a single-center 
retrospective study, it reports the safe and effective use of tigecycline in the absence of a 
sufficient amount of clinical data. As the studies reported for tigecycline use in pediatric 
patients less than eight years of age are primarily single-center and retrospective with a 
variation in the dose, use reported in this review warrants the need for a trial to determine 
the appropriate dose and duration of tigecycline in children as salvage therapy. Our study was 
a retrospective chart review of hospital records, and data on all variables for the severity 
scoring for the complicated cases were not available.  

 

Conclusion: 

In the era of multidrug-resistant organisms, much attention is being given to old antibiotics. 
The use of tigecycline in pediatrics and specifical neonates is not much studied previously. 
Hence, we report clinical outcomes from the use of tigecycline in pediatric and neonatal 
patient populations as salvage therapy, where in most cases, it has been successful in 
eradicating the disease-causing pathogen. However, there is a need for randomized control 
trials and pharmacokinetic-pharmacodynamics analysis of tigecycline in pediatrics and 
neonates to optimize dose and therapeutic outcomes.  
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