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a b s t r a c t 

Objectives: Burkholderia species infections are associated with diverse and challenging clinical presentations be- 

cause of distinct virulence and antimicrobial resistance factors. The study aims to evaluate the epidemiology, 

microbiological, and clinical outcomes of Burkholderia cepacia complex (Bcc) infections in non-cystic fibrosis 

(CF) patients from Qatar. 

Methods: A retrospective study was conducted on adult patients across all hospitals at Hamad Medical Corporation 

between January 2012 and December 2018 to evaluate clinically relevant Bcc in non-CF adult patients. 

Results: Over 7 years, 72 episodes of Burkholderia species infections were recorded, 64 were secondary to Bcc pri- 

marily affecting males (78.12%) with a mean age of 53 years, from the Middle and Southeastern region (92.2%) 

affected predominantly by diabetes mellitus (34.4%), chronic kidney (23.4%), coronary heart (20.3%), and hy- 

pertensive diseases (17.2%) while recent hospitalization and admission to critical care were evident in 45.3% 

and 93.8% of cases, respectively. Main infection sites were urinary (43.8%) and respiratory (29.7%) with asso- 

ciated bacteremia recorded in 26.6% of cases. Microbiological characteristics demonstrated high-level resistance 

profiles leading to delayed microbiological clearance in case of bacteremia (61%) and management with multiple 

therapeutic agents (range 4-6) resulting in disease resolution in 90.6% of cases with observed 30-day mortality 

of 7.8%. 

Conclusions: B. cepacia infections are infrequent, recorded mainly in middle-aged males with chronic comor- 

bidities presenting as urinary, respiratory, and bacteremia associated with hospitalization, admission to critical 

care, and invasive procedures. High-level antimicrobial resistance is observed necessitating multiple therapeutic 

agents and suboptimal bacteriological clearance. 
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ntroduction 

Burkholderia is a group of rod-shaped motile obligate Gram-negative

acteria that are ubiquitous in water, soil, and plants. The genus

urkholderia encompasses around 80 species but clinically relevant hu-

an pathogens are only three; Burkholderia mallei, responsible for caus-

ng the historic Glanders disease, B. pseudomallei , capable of causing

cute as well as chronic forms of severe and serious endemic disease

uch as melioidosis as well as B. cepacia complex (Bcc) which has been

lassically associated of causing debilitating recurrent pulmonary infec-

ions in patients with cystic fibrosis (CF) [1] . 
∗ Corresponding author: 

E-mail address: habdelhadi@hamad.qa (H.A. Hadi) . 

ttps://doi.org/10.1016/j.ijregi.2024.03.010 

eceived 20 February 2024; Received in revised form 12 March 2024; Accepted 13 M

772-7076/© 2024 The Author(s). Published by Elsevier Ltd on behalf of Internation

Y-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
The epidemiological distribution of Burkholderia species such as

. pseudomallei , relates to pathogen, environmental as well as host

actors that affect disease patterns in different regions around the

orld with established endemicity [1] . However, Bcc are more ubiq-

itous pathogens found in different environmental aspects in the

ommunity as well as healthcare settings leading to infrequent but

orrisome healthcare-associated infections (HCAIs) [ 2 , 3 ]. Besides in-

ecting patients with CF leading to debilitating disease, the spec-

rum of presentation in patients without CF is diverse affecting

ainly vulnerable populations such as patients with chronic or crit-

cal conditions and the immune-compromised clinically manifesting
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s pneumonia, meningitis, urinary tract and bloodstream infections

BSIs) [ 1 , 4 , 5 ]. 

Following pathogens isolation, microbiological assessment to guide

ppropriate management proves extremely challenging, since the strik-

ng features of Burkholderia species infections in general and Bcc in par-

icular, manifest in its notorious ability to resist multiple antimicrobial

gents leading to paucity of therapeutic options as well as increased

orbidity and mortality [5–7] . The underlying antimicrobial resistance

echanisms are multifactorial, for example, the pathogen has a unique

odified lipopolysaccharide cell wall that hinders antimicrobial per-

eability and attachment for multiple classes leading to cell wall me-

iated resistance including the broad spectrum polymyxins class that

ffectively targets a broad range of Gram-negative bacteria. Similarly,

he pathogen harbors potent B-lactamase genes capable of inactivating

arious penicillin-based antibiotics such as basic and advanced classes

f 𝛽lactams, monobactams, 𝛽lactams 𝛽lactamase inhibitors (BLBLIs),

ephalosporins as well as the advanced carbapenems. Equally, other re-

istance mechanisms such as efflux pumps, and modifying and altered

rug targets also produce resistance to carbapenems, aminoglycosides,

nd quinolones rendering the organism one of the most challenging

ultidrug-resistant bacteria [ 5 , 8 , 9 ]. These principal features of a high

ntibiotic resistance profiles, project Burkholderia-related infections as

aladies of significant morbidity and mortality estimated as high as

0% in reviews of multiple outcome studies [10] . 

Despite the importance of management of infection caused by Bcc;

here is a paucity of information about the epidemiology, microbiologi-

al, and clinical characteristics as well as outcomes of infected patients

n different regions around the world particularly in non-CF patients.

ost reported cases in the literature are derived from cohorts’ studies

r in the context of outbreaks mostly in patients with serious underly-

ng diseases, in intensive care settings, or following invasive procedures

10] . Regionally, there are no previous studies to outline the scale of

he problem or to examine different aspects of the disease spectrum.

o cover the outlined gap, the presented study aimed to evaluate the

pidemiology, microbiological, clinical as well as outcomes of Bcc in-

ections in non-CF adult patients in secondary and tertiary care settings

n Qatar. 

ethodology 

ettings 

The retrospective study was conducted in secondary and tertiary care

ettings at Hamad Medical Corporation (HMC), Doha, Qatar between

anuary 1, 2012, and December 31, 2018, comprising 7 years review.

he HMC covers almost the entire population of the country of around 3

illion population through 14 acute and specialized care hospitals with

 total bed capacity of almost 2500 [ 11 , 12 ]. 

icrobiological identifications, and antimicrobial susceptibility tests 

Confirmed culture-positive cases of clinically relevant Burkholderia

pecies were identified using standard microbiological techniques at the

entral microbiology laboratory of HMC which complies with local and

nternational standards including regular inspection and accreditation.

icrobial identifications, confirmation, and antimicrobial susceptibility

ests (AST) were performed using automated BD PhoenixTM system (BD

iagnostics, Durham, NC, USA) and Matrix-Assisted Laser Desorption

onization Time of Flight Mass Spectrometry (MALDI-TOF MS) of Bruker

altonics MALDI Biotyper (Billerica, MA, USA) according to the manu-

acturer’s recommendations while additional ASTs were performed with

 test according to manufacturer recommendations. For BSIs, microbi-

logical clearance was defined by negative cultures following 72 hours

f initiation of directed antimicrobial therapy. 
2

rocedure and data collection 

Patients’ clinical and laboratory data were retrospectively retrieved

rom the electronic healthcare system. Obtained data covered, demo-

raphic variables, comorbidities, clinical presentations, potential risk

actors, infection sites, clinical course including admission to critical

are, as well as microbiological data, antimicrobial treatment, and all

omplications and outcomes including, 30-day mortality. 

thical approval and data management 

The study was approved by the Medical Research Centre (MRC) of

MC as well as the Institution Review Board which abides by policies

nd regulations in line with regional and international standards (Pro-

ocol: MRC: 01-18-388). Primary data were only accessed by primary

nvestigators and data management was observed according to regula-

ions. 

tatistical analysis 

Statistical analysis was performed using Stata statistical software,

ersion 16.1 (Stata Corporation, College Station, TX, USA). Continuous

ariables were presented as mean and standard deviation while categori-

al variables were presented as total number and percentages. Incidence

as calculated for yearly reported episodes in relation to the total local

opulation at the time. Descriptive statistics such as means, standard

eviations, and percentages were used to summarize and describe the

haracteristics of the study population, including demographics, comor-

idities, and clinical outcomes. 

esults 

pidemiological, clinical, and outcomes characteristics 

During the outlined study period 72 Burkholderia species were iden-

ified (64 were Bcc, six B. pseudomali , one B.gladioli, and one B. fungo-

um ), and the incidence of Bcc yearly episodes ranged between 0.38 per

00.000 population in 2012 to 0.54 per 100.000 population in 2018

s depicted in Figure 1 . Of the examined clinical episodes of Bcc infec-

ions (64), the majority of patients were males (78.12%) aged between

6-64 (44.4%) with a mean age of 53.4, predominantly from Middle

nd Southeastern region (92%) while diabetes mellitus (34%), chronic

idney disease (23%), coronary heart diseases (20%), and hypertension

17%) were the predominant comorbidities. Observed major risk fac-

ors were recent hospitalization (45%), recent surgical procedure (30%),

tone formation (22%), and mechanical ventilation (20%) Table 1 . Main

nfection sites were urinary (44%) and respiratory (30%) while associ-

ted bacteremia was recorded in 27% of cases Table 1 . Admission to

ritical care was recorded in 94% of cases with complete resolution

f symptoms occurring in 91% with relapses recorded in 11% while

he 30-day mortality was observed in 8% of cases Table 2 . The ma-

ority of patients (73%) received empiric then tailored antibiotic ther-

py comprising meropenem (50%), ceftazidime (37.5%), cotrimoxazole

37.5%), and piperacillin-tazobactam (25%) with 45% of patients re-

eiving combination therapy of multiple antimicrobial agents’ combi-

ations Table 2 . 

icrobiological characteristics 

Microbiological characteristics showed diverse antimicrobial resis-

ance spanning all classes at 90% Table 3 necessitating multiple ther-

peutic agents ranging from 4-6 for management Table 2 . Report-

ng of susceptibility to antibiotics was not uniform among the sam-

le since additional agents AST was performed for more resistant

athogens. The highest antimicrobial susceptibilities were reported for

otrimoxazole (94%, 59/63), meropenem (93%, 26/28), ceftazidime
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Figure 1. Burkholderia cepacia complex infections. 

Table 1 

Baseline characteristics of the studied cohort (N = 64). 

Parameter Value N (%) 

Demography 

Age years (mean ± SD) 53.42 ± 16.63 

Sex n (%) 

Male 50 (78.12) 

Female 14 (21.87) 

Nationality by World Health Organization region of origin n (%) 

Eastern Mediterranean region 38 (59.37) 

Southeast Asian region 21 (32.81) 

European region 2 (3.12) 

Western Pacific regions 2 (3.12) 

African region 1 (1.56) 

Comorbidities n (%) 

Diabetes mellitus 22 (34.37) 

Chronic kidney disease 15 (23.43) 

Cardiovascular diseases 13 (20.31) 

Hypertension 11 (17.18) 

Malignancy 10 (15.62) 

Chronic liver disease 4 (6.25) 

Chronic lung disease 3 (4.68) 

Cerebrovascular diseases 3 (4.68) 

Solid organ transplant 3 (4.68) 

Charlson comorbidity index (mean ± SD) 3.39 ± 3.22 

Potential risk factors (last 90 days) 

Recent hospitalization 29 (45.31) 

Recent surgical procedure 19 (29.68) 

Stone former 14 (21.87) 

On mechanical ventilation 13 (20.31) 

Recent travel 5 (7.81) 

Recent trauma 3 (4.68) 

Presenting symptoms 

Fever 46 (71.87) 

Respiratory symptoms 22 (34.37) 

Urinary symptoms 19 (29.68) 

Gastroenterology symptoms 15 (23.43) 

Neurological symptoms 7 (10.9) 

Others 13 (20.31) 

Infection site 

Urinary tract 28 (43.75) 

Respiratory system 19 (29.68 

Blood (uncertain source) 7 (10.93) 

Skin and soft tissue 5 (7.81) 

Intra-abdominal 3 (4.68) 

Implantable cardioverter-defibrillator 1 (1.56) 

Eye 1 (1.56) 

Bacteremia 17 (26.56) 
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86%, 54/63), and levofloxacin (75% 40/53). High-level resistance

as demonstrated for ertapenem (100%), cefepime (100%), gentamycin

98%), and piperacillin-tazobactam (68%) Table 3 . 

iscussion 

BCc is a ubiquitous Gram-negative bacterium that is widely dis-

ributed in the environment causing both plant and animal diseases. The

athogen was first described by Walter Burkholder; a plant pathologist

n the USA as the cause of decomposition of onion during the late 1940s

nd was eventually linked to human diseases in subsequent decades,

articularly to the described aggressive form of respiratory diseases in

atients with CF [2] . As opportunistic human pathogens, the Bcc family

as a range of over 20 different sub-species dominated by B. cenocepacia,

. multivorans, and B. veitnamesis that are difficult to accurately sub-type

ince they share almost 80 % homology of identical genetic material but

iffer mainly in pathogenicity [ 2 , 13 , 14 ]. In addition, to the historic as-

ociation with CF, the spectrum of Bcc opportunistic diseases has been

inked usually to patients with underlying significant conditions such as

ital organs dysfunctions, neoplastic and immune-compromised states

sually associated with significant management challenges because of

ounting virulence and antimicrobial resistance [ 15 , 16 ]. 

From our study, the first observation was that the disease is rare and

nfrequent in non-CF adult patients in the country since in 7 years pe-

iod only 64 clinically relevant episodes were recorded with incidence

anging between 0.3-0.55 per 100.000 population Figure 1 . Other re-

ated studies similarly recorded low incidence in non-CF adults [ 4 , 15 ].

dditionally, the fact that males are affected more than females has

een previously observed but this can be explained locally by the coun-

ry’s diverse young population with male preponderance as outlined

n Table 1 [16] . Likewise, the majority of patients were from Middle

astern and Indian subcontinent populations in line with the coun-

ry’s established migration demographics [17] . Inversely, middle-aged

atients are the most commonly affected group among the cohort ex-

lained by the observed associated chronic organ dysfunctions and neo-

lastic diseases as well as immune-compromised states in more than

alf of the cohort. Additionally, almost 40% of isolates were related

o critical care where ultimate Bcc acquisition risks have been previ-

usly observed, furthermore, almost one-quarter of patients suffering

rom septic shock and 7% were undergoing hemodialysis which is fre-
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Table 2 

Management and outcomes. 

Antibiotic N (%) Duration (mean ± SD) 

Meropenem 32 (50) 14.46 ± 13.86 

Ceftazidime 24 (37.5) 15 ± 9.3 

Cotrimoxazole 24 (37.5) 16.58 ± 13.36 

Piperacillin/tazobactam 16 (25) 10.06 ± 12.53 

Ceftriaxone 15 (23.43) 8.66 ± 14.82 

Ertapenem 8 (12.5) 17.25 ± 16.29 

Ciprofloxacin 7 (10.93) 9.57 ± 6.2 

Levofloxacin 7 (10.93) 25.71 ± 28.51 

Cefuroxime 6 (9.37) 6.83 ± 3.48 

Tigecycline 5 (7.81) 16.4 ± 7.81 

Moxifloxacin 4 (6.25) 15.5 ± 8.2 

Gentamicin 2 (3.12) 11 ± 8 
Cefixime 2 (3.12) 9 ± 1 
Cefepime 1 (1.56) 19 

Polymyxin B 1 (1.56) 7 

Combined therapy N (%) Monotherapy N (%) 

MEM + TMP-SMX 7 (10.93) Cotrimoxazole 8 (12.5) 

CFZ + MEM 3 (4.68) Meropenem 7 (10.93) 

CFZ + MEM + TMP-SMX 2 (3.12) Ceftazidime 6 (9.37) 

CFZ + TMP-SMX 2 (3.12) Ciprofloxacin 4 (6.25) 

CFZ + LFX 2(3.12) Ceftriaxone 3 (4.68) 

Outcome 

Intensive care unit admission/mechanical ventilation/septic shock 60 (93.75) 

Complete resolution of symptoms 58 (90.62) 

Microbiological clearance 39 (60.93) 

Acute kidney injury/hemodialysis 22 (34.37) 

Recurrence/relapse 7 (10.93) 

30 days mortality 5 (7.81) 

CFZ, ceftazidime; MEM, meropenem; LFX, levofloxacin; TMP-SMX, cotrimoxazole. 

Table 3 

Microbiological characteristics. 

Antibiotic N out of 64 Sensitive N (%) Intermediate N (%) Resistant 

N (%) 

Ceftazidime 63 54 (85.71) 2(3.17) 7(11.11) 

Cotrimoxazole 63 59 (93.65) 0(0) 4 (6.34) 

Gentamicin 62 1 (1.61) 0(0) 61 (98.38) 

Amikacin 61 3 (4.91) 2 (3.27) 56 (91.8) 

Ciprofloxacin 60 2 (3.33) 2 (3.33) 56 (93.33) 

Aztreonam 57 11 (19.29) 8 (14) 38 (66.66) 

Imipenem 57 4 (7) 8 (14) 45 (78.94) 

Levofloxacin 53 40 (75.47) 7 (13.2) 6 (11.32) 

Ceftriaxone 53 19 (35.84) 5 (9.43) 29 (54.71) 

Ertapenem 45 0(0) 0(0) 45 (100) 

Piperacillin/tazobactam 37 11 (29.72) 1 (2.7) 25 (67.56) 

Cefuroxime 35 0(0) 0(0) 35 (100) 

Cefepime 34 0(0) 0(0) 34 (100) 

clindamycin 34 1 (2.94) 0(0) 33 (97) 

Ampicillin 34 0(0) 0(0) 34 (100) 

Amoxicillin 33 0(0) 0(0) 33 (100) 

Tigecycline 31 1 (3.22) 0(0) 30 (96.77) 

Meropenem 28 26 (92.85) 1 (3.57) 1 (3.57) 

polymyxin B 1 1(100) - - 
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uently seen during critical care settings pointing toward acquisition

hrough HCAIs [10] . To emphasize HCAIs as the main mode of acqui-

ition of Bcc particularly in BSIs, in almost half of the examined co-

ort, recent hospitalization was evident and in almost one-quarter of

he cohort, coinfection with other related organisms has been recorded

redominated with Gram-negative bacteria Table 2 . When examining

nfected sites, the most identified were the urinary and respiratory

racts followed by BSIs which is in line with other surveillance stud-

es [16] . This can be explained by pathogen factors since the family of

cc has specific virulence factors exhibiting predilection for the moist

nvironment with motile and adhesion molecules that facilitate attach-

ents to extracellular matrixes in the urinary and respiratory tracts

hile the invasive disease has been associated with biofilm formation

round catheters, endotracheal tubes, and central venous lines which
4

re frequent risk factors in hospitalized patients and critical care setting

 14 , 16 , 18 , 19 ]. 

In addition to the described HCAIs, it is important to highlight that

cc has been frequently associated with nosocomial outbreaks in dif-

erent regions around the world particularly in critical care settings af-

ecting vulnerable patients who undergo invasive procedures frequently

inked to medication vials, disinfectants, and antiseptics [20] . Repeated,

nusual patterns or clustering of isolated Bcc from clinically relevant

solates or sites should prompt early interventions to evaluate the scale

f the problem to promptly establish needed infection and control pre-

autions as well as expand surveillance concepts including phenotypic

nd genotypic methods [ 10 , 20-22 ]. In our cohort, the paucity and non-

lustering of cases negate potential previous nosocomial bacterial out-

reaks Table 2 . 



T. Ibrahim, T.A. Abdallah, A. Abdallah et al. IJID Regions 11 (2024) 100355

 

p  

t  

l  

a  

s  

i  

t  

(  

t  

m  

r

 

m  

u  

c  

m  

i  

l  

o  

c  

a  

e  

o  

p  

n  

t  

a  

b

 

w  

[  

l  

r  

c  

t  

u

 

c  

l  

i  

B  

t  

r  

A  

u  

l  

r  

a  

p  

r

 

f  

i  

a  

p  

s

D

F

 

t  

b  

c  

p

A

 

M  

H  

d  

w

A

 

a  

a  

a  

a

C

 

f

A

 

t  

e  

r  

R

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

[  

[  

 

[  

 

[  

 

Being a well-known notoriously resistant pathogen, it was not sur-

rising to notice that microbiological characteristics of Bcc revealed

hat multidrug-resistant isolates were observed in almost 90% of iso-

ates with noticeable resistance to all major classes including advanced

ntimicrobials such as aminoglycosides, quinolones and specific BLBLIs

uch as piperacillin-tazobactam Table 3 . In line with other related stud-

es, antimicrobials that demonstrated the highest antimicrobial suscep-

ibilities included cotrimoxazole (94%), meropenem (93%), ceftazidime

86%), and quinolones (levofloxacin 75%), but from previous studies,

here were non-superiority of single or multiple regimens for effective

anagement leading to frequently delayed clearance and recurrence

ates as noticed in our study [ 15 , 16 ]. 

This established phenotypic pattern in Bcc is related to the inherited

ultifactorial mechanism of antimicrobial resistance since they possess

nique lipopolysaccharide cell walls as well arrays of cytoplasmic or nu-

lear inactivating or modifying enzymes that are capable of inactivating

ultiple classes of antimicrobials simultaneously [ 5 , 9 ]. Consequently,

nfected patients were treated with multiple regimens leading to pro-

onged hospital stays averaging 24 days (range 8-50) which is similar to

ther clinical outcome studies Table 2 [ 15 , 16 ]. Since there are no spe-

ific guidelines for the treatment of Bcc in adults without CF, the usual

pproach is to rely on previously similarly described case studies and

xperts’ advice to manage specific site infections sometimes with sub-

ptimal outcomes [ 23 , 24 ]. These highlighted management challenges,

articularly for respiratory-related diseases, led to consider novel and

on-conventional approaches for disease control such as bacteriophage

herapy that infect, commandeer, and destroy target pathogens either

s sole therapeutic agents or in combination with synergistic antimicro-

ials [ 25 , 26 ]. 

Distinctively our study showed lower 30-day mortality rates at 7.8%

hen compared to other studies which recorded rates as high as 50%

 10 , 26 ]. To explain that in comparison to other studies, we can specu-

ate dominance or scatter of low virulent clones as well as the absence of

ecorded outbreaks [ 4 , 26–28 ]. From previous research, highly virulent

lones are associated with outbreaks with increased morbidity and mor-

ality but faced with accurate typing methods which limits its frequent

se [ 15 , 16 , 26 , 29 , 30 ]. 

Although the study covered many epidemiological, clinical, and mi-

robiological aspects of the challenging disease secretum, it has some

imitations. The retrospective study design certainly affected the qual-

ty of obtained data since additional details for invasive diseases such as

SI could have been closely examined but such an approach can be jus-

ified by the rarity of the studied subject. Furthermore, since Burkholde-

ia species need special slecetive media for proper identification and its

STs are cumbersome , routine microbiologicalcharacteristics were not

niform for all isolates to make accurate comparisons and lastly, the

ack of genomic testing would have added additional strength to accu-

ately examine sub-species in more detail together with pathogenicity

nd clonal relatedness. Nevertheless, because of the complexity of the

athogen, routine microbiological and genomic tests are not accurately

eliable or uniform [4] . 

In conclusion, our study of Burkholderia species in Qatar over 7 years

ocusing on Bcc demonstrated infrequent but prominent challenges man-

festing mainly as isolated respiratory, urinary, or BSIs with a noticeable

ntimicrobial resistance spanning all classes leading to the use of multi-

le antimicrobial regimens, associated with prolonged length of hospital

tay and low 30-day mortality. 
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