IDCases 32 (2023) e01801

ELSEVIER

Contents lists available at ScienceDirect
IDCases

journal homepage: www.elsevier.com/locate/idcases

CASES

Case report

Check for

Development of multidrug-resistant Mycobacterium tuberculosis in the o

biofilm of a peritoneal-venous shunt

Romany M. Redmanf"l, Timothy D. Maughan ", Charles B. Smith “¢, Peter F. Crossno

Donald L. Granger ©

d
b

2 Department of Internal Medicine, University of Utah School of Medicine, 30 North 1900 East, Salt Lake City, UT 84145, USA

b Infectious Diseases Clinic, Providence Sacred Heart Hospital, 101 West 8th Avenue, Spokane, WA 99204, USA

¢ Division of Infectious Diseases, Department of Internal Medicine, University of Utah School of Medicine, 30 North 1900 East, Salt Lake City, UT 84132, USA
4 Division of Pulmonary Medicine, Department of Medicine, Intermountain Healthcare, 5121 Cottonwood Street, Murray, UT 84107, USA

€ Veterans Affairs Medical Center, 500 Foothill Drive, Salt Lake City, UT 84145, USA

ARTICLE INFO ABSTRACT

Keywords:
Tuberculosis
Multi-drug resistance
Biofilm

Foreign body
Denver catheter
Relapse

A patient with ascites received a peritoneal-venous shunt for presumed cirrhosis, however surgical specimens
grew Mycobacterium tuberculosis (MTb) sensitive to all anti-tuberculous drugs. Directly-Observed-Therapy (DOT)
led to improvement followed by relapse with multidrug resistant MTb (MDRTB). We discuss pathways for se-
lection of MDRTB within mycobacterial biofilm. This case illustrates the potential for development of MDRTB in
patients with long-term indwelling catheters. We emphasize catheter removal and if not possible continuing
follow-up for symptoms and signs of relapse.

Introduction

We encountered a patient with multidrug-resistant tuberculosis
(MDRTB) who had received recommended directly-observed-therapy
(DOT). The patient had a peritoneal-venous shunt in place at the time
of tuberculosis (TB) diagnosis. The presence of this foreign body may
have allowed for selection of MDRTB. We address possible mechanisms
for development of MDRTB in a patient harboring a peritoneal-venous
catheter.

Case

A 45-year-old divorced homeless man was admitted to our hospital
with abdominal pain. He was a Vietnam veteran. Medical history was
significant for MDRTB, chronic hepatitis C, and alcohol use disorder
with associated complications including liver cirrhosis with ascites,
bleeding from esophageal variceal veins and pancreatits.

Five years previously he presented to an outside hospital with
incarcerated inguinal hernia and worsening ascites. He underwent sur-
gery with herniorrhaphy and placement of a Denver shunt catheter from
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the peritoneal cavity to the superior vena cava for management of as-
cites presumed secondary to cirrhosis and portal hypertension. Histo-
pathology of the hernia sac revealed caseating granulomas. Cultures of
tissue and ascitic fluid grew Mycobacterium tuberculosis (MTb). At this
time chest x-ray showed no evidence of pulmonary involvement. A four-
drug regimen with isoniazid (INH), rifampin (RMP), pyrazinamide
(PZA) and ethambutol (EMB) was begun. Susceptibility testing at Utah
State Health Laboratory (USHL) revealed isolates were susceptible to all
drugs tested. DOT was managed by Salt Lake County Health Department
(SLCHD). DOT log showed perfect compliance with his regimen (Sup-
plement Fig. 1). He received four drugs for the first four months and
continuation of INH and RMP for a total of ten months. Monthly visits to
the SLCHD TB clinic documented clinical response to treatment. The
patient gained weight, had no fever and abdominal pain resolved.
Near completing treatment, he began to have fever, chills, weight
loss and cough. He was admitted to an outside hospital where his chest
x-ray suggested pulmonary tuberculosis. Sputum smear showed rare
acid-fast bacilli (AFB); culture was positive for Mtb. His isolate was
resistant to INH and RMP, and to PZA on one sputum sample but sus-
ceptible on another (Supplement Figure 2). INH and RMP were
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discontinued, PZA was continued, and streptomycin, ofloxacin and
cycloserine were begun. DOT records again showed excellent compli-
ance with a good clinical response. After 9 months of treatment, he felt
well, and his chest x-ray had improved. At this time, he was lost to
follow-up.

After a hiatus of almost three years (Supplement Figure 3) he pre-
sented to a local emergency room complaining of recurrent abdominal
pain. He was referred to our hospital and admitted. He was cachectic
with a protuberant abdomen. Vital signs were normal. Denver shunt
tubing was visible through a skin defect of the left chest wall with
expressible fluid. The abdomen had a doughy consistency. Chest x-ray
showed the course of the shunt catheter, which appeared to terminate
within the right lung (Fig. 1A). Chest and abdominal CT demonstrated
multiple pulmonary cavities including one into which the tip of his shunt
catheter protruded (Fig. 1B). There were extensive inflammatory
changes of the peritoneal cavity including loculated fluid collections.
Sputum, peritoneal fluid and chest wall fluid grew MTb, confirming
disseminated infection. All isolates were resistant to INH but susceptible
to RMP. A multidrug regimen recommended by the CDC-sponsored TB
Hotline was begun.

His hospital course was complicated by recurrent emesis due to small
bowel obstructions. Attempts at nutritional replacement were unsuc-
cessful, inanition worsened, and aspiration occurred which was fatal.

At autopsy the Denver shunt catheter was visible within the lung
parenchyma (Fig. 1C) but determining the site of entry into the right
lung was obscured by caseous inflammation. It was impossible to “run
the intestines” due to their incasement within caseous material. His
course is summarized in Supplement Figure 3.

Discussion

We discuss possibilities for development of MDRTB during DOT: 1)
compliance failure, 2) drug malabsorption, 3) laboratory error failing to
identify MDRTB in initial isolates, 4) reinfection with a new MDRTB
strain, and 5) selection for MDRTB within catheter biofilm.

DOT record (Supplement Fig. 1) showed complete compliance. TB
Control Program staff verified this and noted his friendly and consistent
cooperation throughout DOT. He lived in a private apartment through
the Salt Lake County Housing authority to ensure treatment compliance.

Malabsorption of TB drugs is rare. In this case with peritoneal
involvement intestinal malfunction should be considered. However,
experience with treatment for both peritoneal and ileal TB strongly
supports efficacy for standard treatment of susceptible isolates [1].
Microbiological records showed a positive response to treatment during
therapy, and this correlated with clinical improvement. Thus, drug
malabsorption was not likely.
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Fig. 1. Pulmonary findings at last admission and at
autopsy. Panel A, PA view showing Denver shunt coursing
upward along the posterior-lateral chest wall (arrowheads)
and extending across the midline to end in the right mid-
lung field (arrow). Panel B, Chest CT scan showing cath-
eter tip (arrow) protruding into a cavity in the right upper
lobe at the level just caudal to the bifurcation of the
mainstem bronchi. Panel C, Gross pathology at autopsy
with the Denver shunt catheter tubing exposed above an
underlying probe. The photo is of the right upper lobe,
which had been bread-knifed to examine lung parenchyma.
Note the extensive surrounding hemorrhage and marked
pleural thickening.

We investigated laboratory error for susceptibility testing of his
initial isolates. The source document from USHL showed pan-
susceptibility (Supplement Figure 2). During the same year thirty-
three MTb isolates from Utah were sent to the VA Medical Center in
Little Rock, AK for DNA fingerprinting using restriction fragment length
polymorphisms (RFLP). Of 33 samples from 22 patients, three isolates
bore an identical 10-band electrophoretic pattern (Supplement
Figure 4). These were our patient’s initial isolate, his MDRTB isolate,
and a third isolate from a patient who died of pulmonary tuberculosis
one year previously. The latter was pan-susceptible, and the deceased
man was a close companion of our patient. Since the two men likely
shared the same strain, microbiological data corroborates pan-
susceptible MTb. Further, the patient’s susceptible and MDRTB iso-
lates were sent to CDC for spoligotyping. The strains had identical pat-
terns confirming RFLP results. This excluded laboratory error or
reinfection with a new MDRTB strain.

We considered the role of his shunt as a nidus for relapsing infection
and environment for selection of multi-drug resistance. Relapsed TB is
described in the presence of foreign bodies, including bone/joint pros-
thetics, ventricular shunts and plombage for collapse-therapy with
Lucite or resin balls [2-4]. We found no reports of foreign body
associated-risk for MDRTB. In the case of our patient his medical record
gave no clue as to the time when the catheter fistulated from the superior
vena cava into his right lung. We found no reports describing this
complication.

Resistance to individual anti-tuberculous drugs requires de novo
random chromosomal mutations within a large population of bacterial
cells [5]. Event frequency for a single drug is roughly 1075 to 10~° per
bacterium per replication. The probability for selection of double or
triple mutants is diminishingly small. However, the presence of the
Denver shunt as a focus for cell attachment within mycobacterial biofilm
could alter the dynamics of sterilizing drug treatment [6]. It is well
established that mycobacteria form biofilm [7]. This requires cell
attachment, intercellular aggregation with quorum sensing and archi-
tecture maturation [8]. Unlike planktonic cells, MTb within biofilm
attain a so-called “persister” or “elite” state becoming tolerant to drug
bactericidal activity [6]. Susceptibility to drugs decreases [9]. Sponta-
neous de novo mutants could arise within biofilm. However single mu-
tants do not provide a mechanism for multi-drug resistance. However, if
presence within biofilm substantially increased random spontaneous
mutation rates, selection for MDRTB cells might occur. We searched for
literature evidence of such phenomena in mycobacterial species but
found none.

Horizontal gene transfer (HGT) by conjugation could select for
MDRTB [10]. A unique type of conjugation called “distributive conjugal
transfer” (DCT) has been extensively studied [10-12]. It involves
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transfer of multiple random unlinked DNA sequences giving rise to
recipient cells bearing mosaic chromosomes by homologous recombi-
nation events. Such genetic exchange can potentially enhance fitness
[11]. Two factors limit DCT involvement: 1) DCT has not been reported
in MTb. 2) MTb strains from human cases are clonal and therefore would
lack either donor or recipient genotypes [10,13]. RFLP results from our
patient’s initial and first relapse isolates indicated clonal infection.

While the genetic pathway to MDRTB remains unknown, it seems
likely that MTb biofilm played an important role in development of drug
resistance [14,15]. Our report emphasizes the necessity for removal of
permanent catheters. In retrospect the Denver shunt should have been
removed at the time of TB diagnosis. If catheter removal is impossible,
based on our experience from this case, patients should be followed
monthly and then long-term for any symptoms or signs of relapse once
treatment is completed.
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