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Abstract: Septicemia or bacteremia is one of the leading causes of death worldwide. Long-term
tunneled central venous catheters (CVCs) are usually placed in children undergoing chemotherapy
or hematopoietic stem cell transplantation (HSCT) for underlying hemato–oncologic malignancies.
However, catheter-related complications have been reported frequently, and there is high morbidity
and mortality related to catheter-line-associated bloodstream infections (CLABSIs). We report a
rare case of six episodes of recurrent K. pneumoniae sepsis within a 6-month period in a 12-year-old
male adolescent that underwent HSCT for acute lymphoblastic leukemia, despite treatment with
susceptible antibiotics. The patient received extensive diagnostic evaluations to find the hidden
source; however, failure to discover the primary source led to multiple recurrences. Through
enterobacterial repetitive intergenic consensus (ERIC)-PCR, we were able to identify the relationship
between the six episodes and recognize the source of bacteremia.
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1. Introduction

Septicemia or bacteremia is one of the leading causes of death worldwide, and 6–10%
of the patients who experience one episode of Gram-negative bacteremia will have another
recurrent episode [1]. There are two factors to consider in recurrent bacteremia—the
pathogen factor and the host factor. Recurrent bacteremia by the same pathogen may be
due to ineffective therapy caused by the failure to eliminate the source of infection due to
insufficient duration of therapy, antibiotic choice, or inducible antibiotic resistance by the
pathogen. The host’s immunity status and the presence of indwelling catheters may also
be important risk factors for recurrent bacteremia [2,3].

Long-term tunneled central venous catheters (CVCs) are usually placed in children
undergoing chemotherapy or hematopoietic stem cell transplantation (HSCT) for under-
lying hemato–oncologic malignancies. However, catheter-related complications such as
malfunction, thrombosis, and catheter-line-associated bloodstream infections (CLABSIs)
have been reported in up to 15% of the patients [4]. Mortality related to CLABSIs has
been reported to occur in up to 25% of the cases [5]; therefore, careful surveillance and
monitoring of CLABSIs are crucial, especially in immunocompromised or critical patients.

We report a case of six episodes of recurrent Klebsiella pneumoniae sepsis in a patient
that underwent HSCT. Through enterobacterial repetitive intergenic consensus (ERIC)-PCR,
we were able to identify the relationship between the six episodes and recognize the source
of bacteremia.
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2. Case

A 12-year-old male patient visited the emergency department (ED) with a fever
of 39.3 ◦C. Four months prior, he had undergone unrelated peripheral blood stem cell
transplantation (uPBSCT) for acute lymphoblastic leukemia with central nervous system
relapse. At the ED, his complete blood cell count showed neutropenia. Blood culture was
drawn from his peripheral blood and from both lumens of the indwelling Hickman catheter.
At 10 h after the blood cultures were drawn, both the peripheral and Hickman catheter
blood cultures showed presumptive bacterial growth, later identified as K. pneumoniae.
The differential time to positivity of the central and peripheral blood cultures was <1 h
suggesting catheter-nonrelated bacteremia. He was administered susceptible intravenous
antibiotics (Table 1) for two weeks and successfully treated for the first episode of K.
pneumoniae sepsis (Figure 1a).
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Figure 1. (a) Time to bacterial growth at each episode by culture site. In episode 1, one lumen of the Hickman catheter was
initially positive; however, the differential time to positivity, compared to the peripheral culture, was <1 h. In episodes
2–5, only the peripheral blood cultures were positive, or the peripheral cultures were positive before central cultures. Thus,
time to bacterial growth in episodes 1–5 suggested Hickman catheter-nonrelated bloodstream infections. The numbers
within the parentheses correlate with the specimen number of the ERIC-PCR agarose gel electrophoresis image; (b) DNA
fingerprints of K. pneumoniae isolates from the patients, generated by ERIC-PCR. which shows that other than specimen 9,
the exact same K. pneumoniae clone was the causative pathogen. D, day; h, hours; m, minutes; M, size marker 1 kb ladders;
N, negative control; NG, no growth.

Three weeks after the initial episode, the patient presented to the ED with fever, ab-
dominal pain, diarrhea, and neutropenia. After peripheral and Hickman catheter blood
cultures were drawn, he was initiated with piperacillin/tazobactam and amikacin immedi-
ately. Within 13 h, his peripheral blood culture showed presumptive bacterial growth, later
identified as K. pneumoniae. As blood drawn from both lumens of the Hickman catheter
were negative, he was treated for catheter-nonrelated bacteremia. The antibiotic suscepti-
bility patterns of the K. pneumoniae cultured showed a different profile, compared to the K.
pneumoniae isolated from the first episode (Table 1). Therefore, he was given an abdominal
computed tomography to rule out any deep focal infection source; however, there were
no abnormal findings. He was administered intravenous tigecycline for two weeks and
successfully treated for his second episode of K. pneumoniae sepsis.



Pathogens 2021, 10, 1123 3 of 6

Table 1. Antibiogram of K. pneumoniae isolates cultured at each sepsis episode.

Episode No./Culture Site

Antibiotic Susceptibility 1 2 3 4 5 6

P H1 H2 P P H1 H2 P H1 H2 P P H1 H2 Chemoport
Amikacin S S S I S R R S S S S S S S S
Amoxicilin-clavulanic acid R R R R R R R R R R R R R R R
Ampicillin R R R R R R R R R R R R R R R
Aztreonam R R R R R S S R R R R I S S R
Carbapenemase N N N N N N N N N N N N N N N
Cefazolin R R R R R R R R R R R R R R R
Cefepime S S S R S S S S S S S S S S S
Cefotaxime R R R R R R R R R R R R R R R
Cefoxitin R R R R R R R R R R R R R R R
Ceftazidime R R R R R I I R R R R R R R R
Ciprofloxacin R R R I R R R R R R R R R R R
ESBL N N N N N N N N N N N N N N N
Ertapenem R R R R R S S I S S I S S S S
Gentamicin R R R R R R R R R R R R R R R
Imipenem S S S R I S S S S S S S S S S
Meropenem S S S I I S S S S S S S S S S
Piperacillin/tazobactam I I I R R S S R I I R I I I R
Tigecycline S S S S S S S S S S S S S S S
Trimethoprim/sulfamethoxazole R R R R R R R R R R R R R R R

H1, Hickman lumen 1; H2, Hickman lumen 2; I, intermediate; N, negative; P, peripheral; R, resistant; S, sensitive; with reference to the K.
pneumoniae isolated at episode 1, antibiotic susceptibility patterns that differed were shaded in gray.

Four weeks after the second episode, the patient experienced an acute onset of fever
≥39.5 ◦C. He immediately returned to the ED and was initiated with antibiotics after blood
cultures were drawn. After 13 h, K. pneumoniae was cultured from his peripheral blood,
and 19 h later, his central blood cultures were positive. He was treated for his third episode
of catheter-nonrelated bacteremia.

Exactly 4 weeks after the third episode, the patient revisited the ED for a fever reaching
40 ◦C. Again, blood culture revealed catheter-nonrelated K. pneumoniae bacteremia. After
initiating antibiotics for the fourth episode, the patient became afebrile and his general
condition improved within 48 h. Immediate negative conversion of his blood cultures
was observed at 24 h follow-up. However, within 96 h after negative conversion, his fever
spiked to 39.7 ◦C, and his peripherally drawn blood cultures revealed a fifth episode of
catheter-nonrelated K. pneumoniae bacteremia.

A full physical examination revealed no rash, no abdominal tenderness, or any signs
of focal infections. In order to find the source of K. pneumoniae causing recurrent sepsis, he
was given echocardiography, revealing no vegetation or any other evidence of infective
endocarditis. As he was neutropenic at all five episodes, the source was concluded to be
bacterial translocation from his gastrointestinal tract during neutropenia. The patient was
administered a prolonged 21-day course of susceptible antibiotics and was discharged.

Seven weeks later, the patient visited the ED with a fever of 39.5 ◦C and no other
symptoms. His CBC revealed no leukopenia or neutropenia, unlike the previous episodes
(Table 2). The patient remained febrile for 5 days into the antibiotic treatment and repeated
cultures revealed persistent bacteremia. He underwent a follow-up abdominal CT, ocular
examination, and echocardiography, which all excluded any possible sources of infection.
On the 6th day after fever onset, a full physical examination led to the discovery of a
chemoport that had not been used since HSCT but had been undergoing routine function
checks at the outpatient clinic every month. A chemoport needle was inserted into the
injection port beneath the skin, and blood culture was drawn from the port. By this time,
the peripheral blood and Hickman lumen blood cultures were negative for any bacteria.
Then, 48 h after blood cultures were drawn from the chemoport, results came back positive
for K. pneumoniae. Both central catheters were removed, and tip cultures from both central
lines revealed that the chemoport tip was colonized with K. pneumoniae.
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Table 2. Summary of laboratory findings at each sepsis episode.

Episode No.

1 2 3 4 5 6

WBC Count (106/L) 80 40 30 1720 1840 9150
Hemoglobin (g/dL) 7.9 9.2 8.2 9.2 8.7 12

Platelet count (109/L) 35 17 26 27 55 45
ANC (106/L) 40 0 0 880 1180 8690

hs-CRP (mg/dL) 4.97 4.86 15.15 4.22 0.12 6.25
AST (mg/dL) 130 32 21 53 53 60
ALT (mg/dL) 352 139 65 145 49 178
Total Bilirubin

(mg/dL) 1.21 2.18 3.07 1.85 0.85 1.64

Urea Nitrogen
(mg/dL) 33.6 18.7 11.4 3.2 7.1 15.9

Creatinine (mg/dL) 0.57 0.47 0.32 0.33 0.37 0.69
ALT, alanine aminotransferase; ANC, absolute neutrophil count; AST, aspartate aminotransferase; CRP, C-
reactive protein.

In order to understand the relationship between all six episodes of K. pneumoniae
sepsis, an ERIC-PCR was performed on all the isolates from the six episodes. The ERIC-
PCR bands showed that other than specimen 9 from episode 4, the exact same K. pneumoniae
clone was the causative pathogen, and thus, the source was K. pneumoniae colonized at the
tip of the chemoport (Figure 1b).

3. Methods

The definition for positive differential time to positivity suggesting CLABSI was
the detection of bacterial growth from a blood culture drawn from the CVC 2 h prior to
detection of bacterial growth from a blood culture drawn from the peripheral vein [6]. For
blood cultures, at least 5–10 mL of blood was drawn from the peripheral vein and CVC
of the patient. The culture bottles were then inserted into the incubators at the same time.
When the alarm went off for a presumptive bacterial growth in any of the culture bottles, the
time was recorded to monitor differential time to positivity. The Vitek-2 (bioMérieux, Marcy
l’Etoile, France) was used for species identification and antimicrobial susceptibility tests.
The Clinical and Laboratory Standards Institute (CLSI) guideline was used to determine the
cutoff for antibiotic susceptibilities and the presence of ESBL-producing K. pneumoniae [7].
All K. pneumoniae isolates prospectively stored underwent ERIC-PCR using the methods
and conditions previously published by Kim et al. [8].

4. Discussion

This was a rare case of six episodes of recurrent K. pneumoniae sepsis within a 6-month
period in a 12-year-old male adolescent that underwent HSCT for acute lymphoblastic
leukemia, despite treatment with susceptible antibiotics. The patient received extensive
diagnostic evaluations to find the hidden source; however, failure to discover the primary
source led to multiple recurrences. The colonization of K. pneumoniae on the tip of a hidden
chemoport was eventually found to be the source.

Identifying and controlling the source of infection are critical steps in the management
of sepsis [9]. However, in immunocompromised patients with neutropenia, especially after
HSCT or chemotherapy when the oral and gut mucosa are friable, bacterial translocation
into the bloodstream can cause sepsis [10]. In this case, the patient was neutropenic
during the first five episodes. As the infection source could not be identified after extensive
evaluations, bacterial translocation from the gut mucosa was concluded as a possible source.
In fact, the K. pneumoniae isolates cultured from one of the lumens of the Hickman catheter
were found to be a completely different genotype, possibly from bacterial translocation
(Figure 1b). This case highlights the need for source identification and complete eradication
in order to control recurrent infections.
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The overall survival rate of childhood cancer has made significant progress over the
past few decades. However, challenges remain in the management of treatment-related
infections, which greatly impact the morbidity and mortality of these patients [1,11,12]. As
the majority of cancer patients undergo venous access via insertion of CVCs for treatment
and blood sampling, they are placed at an even higher risk of infections. In fact, the overall
incidence of CLABSIs in cancer patients is estimated at 0.5–10 per 1000 CVC days, and
the related mortality ranges from 12 to 40% [13,14]. Furthermore, the presence of multiple
CVCs usually implies that more severe underlying conditions may be present. Multiple
CVCs lead to more frequent manipulations and procedures, increasing the overall risk
of infections in patients that are already at high risk. In this case, the patient underwent
HSCT for relapsed leukemia and was receiving function checks of both the Hickman and
chemoport catheters at the outpatient clinic. In retrospect, after each function check, the
patient experienced episodes of sepsis. However, failure to obtain blood cultures from the
chemoport during fever episodes at the ED led to difficulties in discovering the source
of infection. Thus, in patients with multiple CVCs, a systematic approach needs to be
taken to ensure that blood cultures from all lumens are taken during febrile episodes.
Educating patients and guardians about providing information about the presence of all
indwelling CVCs during blood cultures and bringing awareness to the medical staff about
the importance of obtaining blood cultures from all indwelling CVCs are necessary.

During the final prolonged episode of K. pneumoniae sepsis, a full examination of the
patient and retrospective review of the previous blood cultures and culture sites led to the
discovery that the patient’s chemoport had not been included in the blood cultures during
previous episodes. The blood drawn from the chemoport revealed growth of K. pneumoniae
6 days after initiating antibiotics; meanwhile, blood cultured from the peripheral vein and
all lumens of the Hickman catheter showed no more bacterial growth. An ERIC-PCR was
performed on K. pneumoniae isolates cultured from all 6 episodes and the chemoport tip
revealing identical clones in all but one isolate during the fourth episode. This proved
that the chemoport tip was the source of K. pneumoniae, and the search for the source
of infection was terminated. After the removal of both CVCs, the patient did not have
any more recurrences. As shown from this case, there are many challenges associated
with diagnosing CLABSI, and multiple indwelling CVCs may augment the difficulties in
identifying CVC-associated infections.

A limitation of this case was that not all K. pneumoniae isolated from each of the
lumens at the episodes were included in the ERIC-PCR for clonal analyses due to the
unavailability of some of the isolates for genetic analyses. However, all the isolates with
different antibiotic susceptibilities were included, as well as at least one isolate from each
of the episodes suggesting identical clones.

5. Conclusions

This case highlights the importance of identifying and eradicating the source of infec-
tion, which is key to a successful treatment. Moreover, patients with multiple concurrent
central lines may be at a higher risk for CLABSIs; therefore, decisions to insert more than
one CVCs should be made with caution. However, when it is deemed critical for the patient
to have multiple CVCs, a systematic approach should be made on the maintenance and
surveillance of the CVCs, and education on the possible complication risks and importance
of obtaining blood cultures from all lumens of the CVCs may aid in preventing recurrent
episodes of sepsis.

Author Contributions: Conceptualization, S.J. and H.M.K.; methodology, Y.-J.P., S.J. and H.M.K.;
validation, S.J., H.M.K. and Y.-J.P.; formal analysis, H.M.K.; investigation, S.J. and H.M.K.; data
curation, S.J., H.M.K. and N.-G.C.; writing—original draft preparation, S.J. and H.M.K.; writing—
review and editing, S.J., H.M.K., S.K.K. and J.W.L.; supervision, Y.-J.P., N.-G.C., B.C. and D.C.J.; All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Pathogens 2021, 10, 1123 6 of 6

Institutional Review Board Statement: Ethical review and approval were waived for this study
because a case report describing the treatment of a single patient does not meet the federal def-
inition of human subjects research on the basis that the information in the case report is not
generalizable knowledge.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Moell, J.; Svenningsson, A.; Af Sandeberg, M.; Larsson, M.; Heyman, M.; Harila-Saari, A.; Nilsson, A. Early central line-

associated blood stream infections in children with cancer pose a risk for premature catheter removal. Acta Paediatr. 2019, 108,
361–366. [CrossRef]

2. Huerta, L.E.; Nelson, G.E.; Stewart, T.G.; Rice, T.W. Factors associated with recurrence and mortality in central line-associated
bloodstream infections: A retrospective cohort study. Crit. Care 2018, 22, 266. [CrossRef] [PubMed]

3. Woudt, S.H.S.; de Greeff, S.C.; Schoffelen, A.F.; Vlek, A.L.M.; Bonten, M.J.M.; Infectious Diseases Surveillance Information
System–Antimicrobial Resistance (ISIS-AR) Study Group. Antibiotic Resistance and the Risk of Recurrent Bacteremia. Clin. Infect.
Dis. 2017, 66, 1651–1657. [CrossRef] [PubMed]

4. Odendaal, J.; Kong, V.Y.; Sartorius, B.; Liu, T.Y.; Liu, Y.Y.; Clarke, D.L. Mechanical complications of central venous catheterisation
in trauma patients. Ann. R. Coll. Surg. Eng. 2017, 99, 390–393. [CrossRef] [PubMed]

5. Andrews, R.T.; Geschwind, J.F.; Savader, S.J.; Venbrux, A.C. Entrapment of J-tip guidewires by Venatech and stainless-steel
Greenfield vena cava filters during central venous catheter placement: Percutaneous management in four patients. Cardiovasc
Intervent. Radiol. 1998, 21, 424–428. [CrossRef] [PubMed]

6. Raad, I.; Hanna, H.A.; Alakech, B.; Chatzinikolaou, I.; Johnson, M.M.; Tarrand, J. Differential time to positivity: A useful method
for diagnosing catheter-related bloodstream infections. Ann. Intern. Med. 2004, 140, 18–25. [CrossRef] [PubMed]

7. Performance Standards for Antimicrobial Susceptibility Testing. Twenty-Fifth Informational Supplement [CLSI Document
M100-S25]. Available online: https://file.qums.ac.ir/repository/mmrc/CLSI2015.pdf (accessed on 1 January 2015).

8. Kim, J.; Lee, J.Y.; Kim, S.I.; Song, W.; Kim, J.S.; Jung, S.; Yu, J.K.; Park, K.G.; Park, Y.J. Rates of fecal transmission of extended-
spectrum β-lactamase-producing and carbapenem-resistant Enterobacteriaceae among patients in intensive care units in Korea.
Ann. Lab. Med. 2014, 34, 20–25. [CrossRef] [PubMed]

9. Marshall, J.C.; Maier, R.V.; Jimenez, M.; Dellinger, E.P. Source control in the management of severe sepsis and septic shock:
An evidence-based review. Crit. Care Med. 2004, 32, S513–S526. [CrossRef] [PubMed]

10. van der Velden, W.J.F.M.; Herbers, A.H.E.; Netea, M.G.; Blijlevens, N.M.A. Mucosal barrier injury, fever and infection
in neutropenic patients with cancer: Introducing the paradigm febrile mucositis. Br. J. Haematol. 2014, 167, 441–452.
[CrossRef] [PubMed]

11. Gustinetti, G.; Mikulska, M. Bloodstream infections in neutropenic cancer patients: A practical update. Virulence 2016, 7, 280–297.
[CrossRef] [PubMed]

12. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2020. CA Cancer J. C. 2020, 70, 7–30. [CrossRef] [PubMed]
13. Loeffen, E.A.H.; Knops, R.R.G.; Boerhof, J.; Feijen, E.; Merks, J.H.M.; Reedijk, A.M.J.; Lieverst, J.A.; Pieters, R.; Boezen, H.M.;

Kremer, L.C.M.; et al. Treatment-related mortality in children with cancer: Prevalence and risk factors. Eur. J. Cancer 2019, 121,
113–122. [CrossRef] [PubMed]

14. Böll, B.; Schalk, E.; Buchheidt, D.; Hasenkamp, J.; Kiehl, M.; Kiderlen, T.R.; Kochanek, M.; Koldehoff, M.; Kostrewa, P.; Claßen,
A.Y.; et al. Central venous catheter-related infections in hematology and oncology: 2020 updated guidelines on diagnosis,
management, and prevention by the Infectious Diseases Working Party (AGIHO) of the German Society of Hematology and
Medical Oncology (DGHO). Ann. Hematol. 2021, 100, 239–259. [CrossRef] [PubMed]

http://doi.org/10.1111/apa.14432
http://doi.org/10.1186/s13054-018-2206-7
http://www.ncbi.nlm.nih.gov/pubmed/30367638
http://doi.org/10.1093/cid/cix1076
http://www.ncbi.nlm.nih.gov/pubmed/29228127
http://doi.org/10.1308/rcsann.2017.0022
http://www.ncbi.nlm.nih.gov/pubmed/28462650
http://doi.org/10.1007/s002709900292
http://www.ncbi.nlm.nih.gov/pubmed/9853151
http://doi.org/10.7326/0003-4819-140-1-200401060-00007
http://www.ncbi.nlm.nih.gov/pubmed/14706968
https://file.qums.ac.ir/repository/mmrc/CLSI2015.pdf
http://doi.org/10.3343/alm.2014.34.1.20
http://www.ncbi.nlm.nih.gov/pubmed/24422191
http://doi.org/10.1097/01.CCM.0000143119.41916.5D
http://www.ncbi.nlm.nih.gov/pubmed/15542959
http://doi.org/10.1111/bjh.13113
http://www.ncbi.nlm.nih.gov/pubmed/25196917
http://doi.org/10.1080/21505594.2016.1156821
http://www.ncbi.nlm.nih.gov/pubmed/27002635
http://doi.org/10.3322/caac.21590
http://www.ncbi.nlm.nih.gov/pubmed/31912902
http://doi.org/10.1016/j.ejca.2019.08.008
http://www.ncbi.nlm.nih.gov/pubmed/31569066
http://doi.org/10.1007/s00277-020-04286-x
http://www.ncbi.nlm.nih.gov/pubmed/32997191

	Introduction 
	Case 
	Methods 
	Discussion 
	Conclusions 
	References

