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ARTICLE INFO ABSTRACT

Keywords: Burkholderia cepacia complex (Bcc) bacteria are considered to be very dangerous players in cystic
Cystic fibrosis fibrosis (CF) pathogenesis and are a criterion for negative prognosis in CF cases. In this report, a
Burkholderia

pediatric case of paranasal sinusitis caused by Burkholderia cenocepacia in a CF patient is
described. This is an unusual case, since the paranasal sinuses were the only colonization locus of
B. cenocepacia in this patient for 5 years (2015-2020). The lungs remained microbiologically clear
with no clinical or radiological signs of pulmonary function decrease during this time period. The
paranasal sinuses were sanitized by endoscopic sinus surgery on the left side (2020). Although
having no local or systemic antibiotic treatment from the time of surgery to 2022, no
B. cenocepacia were detected in the samples. The case shows the possibility of a prolonged
remission of Bcc-associated paranasal sinusitis in the absence of systemic antibiotic therapy.

Sinusitis

1. Introduction

Cystic fibrosis (CF) is a common genetic disease. Its outcome depends on the severity of the CF-associated lung disease. Bacteria of
the Burkholderia cepacia complex (Bcc) are a group of opportunistic respiratory pathogens that can cause a severe decrease in the lung
function of CF patients [1]. Prolonged Bcc-colonization of the respiratory tract in CF often decreases external respiration, causes fatal
septic pneumonia (cepacia syndrome), increases the risk of death, and creates unfavorable conditions for lung transplantation [2]. The
first detection of Bcc in a respiratory sample worsens the prognosis for patients with CF and requires the immediate correction of
treatment tactics [3]. Bec-infected CF patients are believed to need personalized antibiotic therapy selected in accordance with the
state-of-the-art approaches and considering such criteria as the antibiotic susceptibility profile of the isolate, the duration of the
therapy, and whether monotherapy, combination therapy, saline inhalation, and/or antibiotic inhalation, or antibiofilm agents are
required [4-6]. The effectiveness of lung transplantation for Bcc-associated lung disease has been discussed, but Bec-infection should
not be considered as an absolute contraindication [7,8]. Among cases of extrapulmonary Bec-infection in CF, paranasal sinusitis has
been described [9]. Antimicrobial therapy in sinusitis can be combined with surgical treatment [10].

This paper describes an unusual clinical case of a favorable course of Burkholderia cenocepacia infection in a pediatric patient with
follow-up in a CF center in Samara, Russian Federation.
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2. Case presentation

The patient, S., is male, born in 2013. CF was not been diagnosed at birth. He had frequent respiratory episodes during the first year
of life. Sweat tests provided an uncertain outcome (42-60 mmol/1) and did not confirm CF. At 8-10 months of age, the typical clinical
manifestation of CF developed, including a typical complication of Pseudo-Bartter’s syndrome. Electrolyte and acid-base abnormal-
ities (hypochloremia, hyponatremia, hypokalemia, and metabolic alkalosis) are typical signs of Bartter’s syndrome, which is a
consequence of an inherited tubulopathy of the thick ascending limb of the loop of Henle. Hence, the same symptoms of electrolyte
imbalance in CF were designated Pseudo-Bartter’s syndrome [11]. In young children, Pseudo-Bartter’s syndrome can be the first
manifestation of CF [11]. At 10 months of age Pseudomonas aeruginosa was detected on the posterior pharyngeal wall. The sample
processing, isolation, and identification procedures for the microorganisms are described in the Supplementary Materials. Treatment
with dornase alpha and a combination of amikacin and ceftazidime for 21 days led to the eradication of P. aeruginosa. At 12 months of
age, genetic testing revealed the F508del/3849 + 10kbC-T mutation. From December 2015 (2 years of age) to 2018 B. cenocepacia in
the amount of 10%-10* colony-forming units was regularly detected in the oropharyngeal bacteriological samples (Fig. 1). From the
moment of CF clinical manifestation (2014) to the spring of 2022, regular sputum microbiological examination revealed no presence of
Burkholderia cenocepacia. The history of the microbiological findings in the respiratory samples is presented in Fig. 1 and in the
Supplementary Materials (Table S1 Suppl). From 2016, regular (at least 4 per year) PCRs of the sputum samples for B. cenocepacia
species-specific genes were conducted; all the results of the sputum samples analyses were negative for.

B. cenocepacia. At different time periods during 2015-2018 the patient received intravenous, inhalation and oral ceftazidime, co-
trimoxazole, meropenem, thiamphenicol (inhalations).

In February 2019, for the first time, both the sputum and nasal lavage from the paranasal sinuses’ drainage were studied simul-
taneously. The sputum sample showed no B. cenocepacia growth. The nasal lavage fluid, however, showed the growth of 32 colony-
forming units/ml. Thus, the main infection reservoir was not in the lungs, but in the paranasal sinuses. Computer tomography
confirmed the specific inflammatory alteration of the paranasal sinuses. A decision was then made to alter the treatment plan: cease the
systemic antibacterial treatment and administer local antibacterial treatment — thiamphenicol 600 mg once a day, ceftazidime 1 g
twice a day, meropenem 1 g twice a day — delivered to the upper respiratory tract by the PARI LC SPRINT® SINUS (PARI GmbH)
inhaler in the pulse mode of drug delivery.

From March 2019 to July 2020 the lavage fluid showed the intermittent presence of B. cenocepacia (Table S1 in Supplementary
Materials). During the follow-up the sputum showed no clinically significant growth of bacteria.

In September 2020, the patient underwent left endoscopic hemisinusotomy with postoperative meropenem treatment for 3 days.
After that, no local or systemic antimicrobial therapy was administered because no clinically significant pathogens showed growth in
the oropharyngeal samples, the lavage fluid from paranasal sinuses, or the sputum. Since the intervention, there has been no growth in
the patient samples through March 2022.

From 2015 to 2022, none of the other pathogens were detected in the sputum, oropharyngeal samples, or the lavage from paranasal
sinuses.

From the start of colonization to the present moment, the patient showed no aggravation both in the physical examination and the
lung computer tomography. The blood chemistry had no significant deviations, and the vitamin D level was within the normal range.

The B. cenocepacia isolates recovered in 2019 and 2020 were subjected to whole genome sequencing. MALDI TOF mass spec-
trometry, and whole genome sequencing have confirmed the taxonomic affiliation of all the Bcc-isolates to B. cenocepacia (the
description of the methods is presented in the Supplementary Materials). To analyze the homogeneity of all the B. cenocepacia strains,

e 2014 2015 2016 2017 2018
3
il
"gﬁ Lavage from paranasal sinuses has
o . .
:gg—- not been investigated
= No B. cenocepacia
- in lavage from Absence
paranasal sinus of targeted bacterial
10! - 103 CFU/mI ety

o rp' aerugiosa in  |ntermittent growth of B. cenocepacia from oropharyngeal samples, CFu/mi

pharyngeal J sRutm and 0-10? 0-10% 0-10! 0-102 0-10° 0-10?
samples _°’°s":::;‘|’:sg“| . ¥ : : : :

7 102- 10 CFU /ml Absence of targeted bacterial growth from sputum

T A
2oz m
Tt f t f 1
ET | = (™
= > \
&s= J

S

2014 2015 2016 2017 2018 2019 2020* 2021 2022
Age: 10 months 2 years 3 years 4 years 5 years 6 years 7 years 8 years 9 years

Figure 1 Chronology of B. cenocepacia isolation in patient S. with cystic fibrosis, 2015 - 2022. Red asterisk, the time

point when the patient was subjected to endoscopic hemisinusotomy.

Fig. 1. Chronology of B. cenocepacia isolation in patient S. with cystic fibrosis, 2015-2022. Red asterisk, the time point when the patient was
subjected to endoscopic hemisinusotomy. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web
version of this article.)
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isolated from the patient samples at different time periods, a statistical comparison of the mass spectra of their protein profiles with
subsequent visualizing was performed using MALDI Biotyper 3.0 Offline Classification software (Bruker Daltonik GmbH, Germany).
The results of the comparative analysis, shown in a heat diagram in Supplementary Materials (Fig. 1 Suppl), confirmed the homo-
geneity of the protein profiles of the B. cenocepacia isolates, recovered in 2015-2020 from the nasal lavage and oropharyngeal samples.
Thus, the isolates from different years of follow-up are highly likely to belong to a single B. cenocepacia strain Bccl/1.

According to the whole genome sequencing data and PubMLST, the strain belongs to a previously undescribed sequence type
Burkholderia cenocepacia ST1880 (https://pubmlst.org/bigsdb?page=info&db=pubmlst_bcc_isolates&id=3867). Sequencing results
have been deposited in Genbank (JAFIBBOO0000000). The results of the bioinformatics analysis of the genome differences in
B. cenocepacia Becl/1 in comparison with B. cenocepacia ST1880 AU35678 are presented in the Table S2 Suppl. in the Supplementary
Materials.

This study was approved by the Bioethics Committee of the Samara State Medical University (No. 151 of 26/11/2014). All pro-
cedures performed were in accordance with the ethical standards of the university Bioethics Committee and with the principles of the
1964 Declaration of Helsinki and its later amendments. Informed consent was obtained from the parents of the patient included in the
study.

3. Discussion

The Bcc lesions in CF lungs are often combined with the presence of extrapulmonary Bec loci. Bec-associated sinusitis, cutaneous
vasculitis, and bloodstream infections are known [12-14]. However, in almost all the described cases, extrapulmonary Bec pathology
was secondary and was associated with an unfavorable course of the lung disease. Prolonged Bcc colonization is considered to cause
lung damage and reduce its function [1,2]. The course of Bcc-associated sinusitis can be extremely severe, e.g., a fatal case of sinusitis
with intracranial invasion has been reported [15]. The clinical case we describe is an exception that also shows an unusual course of
Bcce infection in CF. In particular, there were no signs of damage in the lungs, while the focus of the Bcc infection existed in the
paranasal sinuses for years. Sputael V. et al. described a similar case where a Bcc-positive nasopharyngeal aspirate, throat swab, and
nasal lavage were combined with normal bronchoalveolar lavage [10]. However, Sputael V. et al. did not describe the duration of the
Bcce colonization, and Bcc eradication was performed by a combination of bilateral maxillary and frontal sinus surgery with local and
systemic antibacterial treatment for 14 months after surgery. In the presented report, a favorable course of B. cenocepacia infection
with a prolonged remission and possible eradication of B. cenocepacia without extensive systemic and local antibacterial therapy
(post-surgery meropenem therapy took 3 days) was observed. Endoscopic sinus surgery for chronic rhinosinusitis is believed to have no
advantage over drug therapy [16]. However, the presented case was not subject to this rule.

An important question to address is why the Bec-infection in patient S. proceeded favorably. One of the possible reasons for the
favorable course of the disease may be the low virulence of the strain. The multilocus sequence typing (MLST) determined the strain
belonged to a previously undescribed sequence type ST1880. It has been suggested that strains belonging to ST1880 have low-
virulence. To confirm or refute this hypothesis, a search and analysis of the genomic characteristics of other ST1880 strains was
performed. A subsequent pubMLST DB search revealed another isolate AU35678 (GenBank: JAGSVF000000000) that belonged to
ST1880 and was obtained in 2016 in the USA. This strain was isolated from a CF patient’s sputum; therefore, ST1880-sequence-type
pathogenic potential does not exclude bronchopulmonary system colonization. The B. cenocepacia Becl/1 ST1880 and ID AU35678
isolate genomes were compared. The most significant difference in the strain obtained from patient S. was the presence of extra genes:
the secretion system and phage plasmid, and the total single nucleotide polymorphism (SNP) number made up 50 variants (indels or
SNPs). Among them, 6 SNPs were synonymic, 17 non-synonymic SNP variants were detected in intergenic regions, and 6 variants
(missense mutations and frameshift) were found in hypothetical proteins with unknown function. Table S2 Suppl. of the Supple-
mentary Materials provides 21 high confidence SNP variants and insertions/deletions in the genes of metabolism, signaling and
cellular processes, membrane transport, quorum sensing, cell division, replication and repair, transcription factors, chaperones, and
signal transduction. In general, the differences we found did not provide enough evidence for the conclusion that the virulence of our
strain was lower than the one of the AU35678 isolate. The influence of the reported mutations on B. cenocepacia’s virulence needs to be
further studied.

As an alternative theory of the favorable course of the Burkholderia infection, one may speculate that our patient has a specific
mutation (allele with fourth class mutation, a ‘mild phenotype’) that did not lead to a severe course of CF. The permanent absence of
the microbial contamination of the lungs supports this hypothesis (the sputum had no other pathogens, typical for CF).

4. Conclusion

In conclusion, the presented case yet again shows the diversity of infection courses in CF patients. The main results of the follow-up,
which were the absence of lung damage and the prolonged remission of B. cenocepacia infection, show the possibility of successful
treatment of Bcc-associated sinusitis in the absence of systemic antibiotic therapy. Bec-infected CF patients need personalized anti-
biotic treatment selected considering the pathogen features and disease management strategies.

Author statement

Olga Kondratenko: sample acquisition, methodology, data curation; writing - original draft. Artem Lyamin: conceptualization;
methodology; validation. Tatiana Savinova: sequencing; bioinformatic data analysis. Yuliya Bocharova: bacteriological investigation;


https://pubmlst.org/bigsdb?page=info&amp;db=pubmlst_bcc_isolates&amp;id=3867

O. Kondratenko et al. Heliyon 9 (2023) e16618
formal analysis. Elena Vasilyeva: data curation, writing. Igor Chebotar: conceptualization; writing, editing; supervision.
Funding

The study was supported by the Ministry of Health of the Russian Federation (Project ID 121073000021-9).
Author contribution statement

All authors listed have significantly contributed to the investigation, development and writing of this article.
Data availability statement

Data associated with this study has been deposited at Genbank under the accession number JAFIBBO0O0000000.
Declaration of competing interest

The authors declare no conflicts.
Appendix A. Supplementary data

Supplementary data related to this article can be found at https://doi.org/10.1016/j.heliyon.2023.e16618.

References

[1] C.P. Coutinho, S.C. Dos Santos, A. Madeira, N.P. Mira, A.S. Moreira, 1. Sa-Correia, Long-term colonization of the cystic fibrosis lung by Burkholderia cepacia
complex bacteria: epidemiology, clonal variation, and genome-wide expression alterations, Front. Cell. Infect. Microbiol. 1 (2011) 12.
[2] V.C. Scoffone, L.R. Chiarelli, G. Trespidi, M. Mentasti, G. Riccardi, S. Buroni, Burkholderia cenocepacia infections in cystic fibrosis patients: drug Resistance and
Therapeutic Approaches, Front. Microbiol. 8 (2017) 1592.
[3] J.P. Lynch III, Burkholderia cepacia complex: impact on the cystic fibrosis lung lesion, Semin. Respir. Crit. Care Med. 30 (5) (2009) 596-610.
[4] V. Gautam, N. Shafig, M. Singh, P. Ray, L. Singhal, N.P. Jaiswal, et al., Clinical and in vitro evidence for the antimicrobial therapy in Burkholderia cepacia
complex infections, Expert Rev. Anti Infect. Ther. 13 (5) (2015) 629-663.
[5] H.K. Spencer, S.L. Spitznogle, J. Borjan, S.L. Aitken, An overview of the treatment of less common non-lactose-fermenting Gram-negative bacteria,
Pharmacotherapy 40 (9) (2020) 936-951.
[6] LM. Ciuca, M. Dediu, D. Popin, L.L. Pop, L.A. Tamas, C.N. Pilut, et al., Antibiotherapy in children with cystic fibrosis - an extensive review, Children 9 (8) (2022)
1258.
[7] J.P.Lynch III, D.M. Sayah, J.A. Belperio, S.S. Weigt, Lung transplantation for cystic fibrosis: results, indications, complications, and controversies, Semin. Respir.
Crit. Care Med. 36 (2) (2015) 299-320.
[8] M.R. Morrell, S.C. Kiel, J.M. Pilewski, Organ transplantation for cystic fibrosis, Semin. Respir. Crit. Care Med. 40 (6) (2019) 842-856.
[9] G.P. Digoy, J.D. Dunn, J.A. Stoner, A. Christie, D.T. Jones, Bacteriology of the paranasal sinuses in pediatric cystic fibrosis patients, Int. J. Pediatr.
Otorhinolaryngol. 76 (7) (2012) 934-938.
[10] V. Sputael, G. Van Schandevyl, L. Hanssens, A case report of successful eradication of new isolates of Burkholderia cenocepacia in a child with cystic fibrosis, Acta
Clin. Belg. 75 (6) (2019) 421-423.
[11] M.R. Mantoo, M. Kabra, S.K. Kabra, Cystic fibrosis presenting as pseudo-bartter syndrome: an important diagnosis that is missed, Indian J. Pediatr. 87 (9) (2020)
726-732.
[12] S.K. Lucas, E. Feddema, H.C. Boyer, R.C. Hunter, Diversity of cystic fibrosis chronic rhinosinusitis microbiota correlates with different pathogen dominance,
J. Cyst. Fibros. 20 (4) (2021) 678-681.
[13] A. Klimko, A. Brandt, M.I. Brustan, M. Balgradean, A case report of cystic fibrosis complicated by Burkholderia cepacia and cutaneous vasculitis, Cureus 12 (5)
(2020), e8158.
[14] E.F. Nash, A. Coonar, R. Kremer, E. Tullis, M. Hutcheon, L.G. Singer, et al., Survival of Burkholderia cepacia sepsis following lung transplantation in recipients
with cystic fibrosis, Transpl. Infect. Dis. 12 (6) (2010) 551-554.
[15] I. Los-Arcos, O. Len, M.T. Martin-Gémez, J.J. Gonzdlez-Lopez, B. Saéz-Giménez, M. Deu, et al., Lung transplantation in two cystic fibrosis patients infected with
previously pandrug-resistant Burkholderia cepacia complex treated with ceftazidime-avibactam, Infection 47 (2) (2019) 289-292.
[16] H.S. Khalil, D.A. Nunez, Functional endoscopic sinus surgery for chronic rhinosinusitis, Cochrane Database Syst. Rev. 3 (2006) CD004458.


https://doi.org/10.1016/j.heliyon.2023.e16618
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref1
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref1
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref2
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref2
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref3
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref4
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref4
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref5
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref5
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref6
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref6
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref7
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref7
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref8
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref9
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref9
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref10
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref10
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref11
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref11
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref12
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref12
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref13
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref13
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref14
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref14
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref15
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref15
http://refhub.elsevier.com/S2405-8440(23)03825-2/sref16

	A case of localized paranasal sinusitis associated with Burkholderia cenocepacia ST 1880 in a cystic fibrosis patient
	1 Introduction
	2 Case presentation
	3 Discussion
	4 Conclusion
	Author statement
	Funding
	Author contribution statement
	Data availability statement
	Declaration of competing interest
	Appendix A Supplementary data
	References


