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prolonged interval from symptoms to treatment

INTRODUCTION

ycobacterium tuberculosis (TB) peritonitis in pa-
M tients receiving peritoneal dialysis (PD) carries
poor outcomes with reported mortality rates ranging
from 15% to 58%. " Although the 2022 International
Society for PD Guidelines recommend antituberculous
therapy without mandatory PD catheter removal as the
primary treatment of peritonitis caused by Mpycobacte-
rium tuberculosis (2C), many practices still advocate PD
catheter removal and claim favorable outcomes with
this approach."” Unfortunately, diagnosing and initi-
ating early treatment for tuberculous peritonitis in PD
pose challenges due to nonspecific clinical symptoms
that resemble bacterial peritonitis, characterized by
neutrophil predominance (65%—78%).””
The gold standard for diagnosis, culture for TB,
often incurs delays of over 1 month, leading to a
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initiation.”® The GeneXpert M. tuberculosis and
rifampicin resistance assay, recommended by WHO
for initial detection of drug-resistant TB, faces limi-
tations in low resource settings due to sophisticated
equipment requirements and high costs.” In addition,
its sensitivity in detecting extra-pulmonary TB,
especially in PD effluent (PDE), is reduced compared
to pulmonary TB.® The conventional polymerase
chain reaction (PCR) is widely available and can
rapidly and specifically detect the genetic material of
TB bacteria in ascitic fluid.*® Nevertheless, they
exhibit lower sensitivity than standard TB culture in
samples with a low bacterial load, such as PDE.>*
Therefore, we compared PCR assays with and
without enriched culture, utilizing samples from PD
patients  exhibiting culture-positive  peritonitis
caused by M. tuberculosis.
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RESULTS

Out of 1843 PD patients with peritonitis from 48 fa-
cilities in the MycoPDICS database, 49 episodes
(involving 49 participants) met the diagnostic criteria
for tuberculous peritonitis. After excluding 10 cases
with unavailable specimen for analysis and 2 cases with
negative culture for M. tuberculosis, 37 episodes
involving 37 participants were included in the current
study. The median age was 53 (42—62) years, with the
average PDE leukocyte count of 420 (250-765) cells/[il
and a neutrophil predominance (71%). There were no
significant differences in demographics, clinical and
Mycobacterium characteristics, blood chemistries, and
treatment between those who died and those who
survived, except that patients who died were more
likely to have shorter duration from onset to initiation
of anti-TB treatment (Table 1). None had clinical gut
perforation or required abdominal exploratory
laparotomy.

PD catheters were removed in 28 cases (76%),
whereas in 9 cases (24%), they were retained. Notably,
among those in whom catheters were removed, 21 cases
underwent removal within 5 days after the onset of
peritonitis, whereas the remaining 7 cases had catheters
removed after 5 days. Patients who underwent PD
catheter removal had a higher proportion of cloudy
effluent and tended to exhibit higher PDE leukocyte
count, % neutrophil, and fever, indicating a more

Table 1. Demographics and patient characteristics

severe clinical presentation of peritonitis. However, it
is interesting to note that both groups had a similar
death rate, which supports the 2022 International So-
ciety for PD approach’ of obviating the need for
removing PD catheters (Supplementary Table S1).

The diagnostic sensitivities of PCR with enrichment
were 38%, 46%, 57%, 87%, and 100% on days 3, 5,
10, 15, and 20, respectively, compared to PCR without
enrichment (32%, P < 0.05). Compared to standard
culture, the median time-to-diagnosis following peri-
tonitis onset was significantly shorter for PCR with
enrichment: standard culture (32 days, interquartile
range [IQR]: 26-35 days), PCR without enrichment (3
days, IQR: 3—4 days), PCR with enriched culture on
day 3 (4 days, IQR: 44 days), day 5 (6 days, IQR: 66
days), day 10 (13 days, IQR: 12—-13 days), day 15 (17
days, IQR: 17-18 days), and 20-day enriched PCR (23
days, IQR: 22-23 days); P < 0.0001, albeit with similar
detection performance. Notably, 10 cases (27%) died
before receiving standard culture results, whereas 5
cases (14%) died before obtaining the results of the 15-
day enriched PCR (Figure 1).

DISCUSSION

Our findings underscore the potential of PCR after
enriched culture as a valuable approach for promptly
diagnosing tuberculous peritonitis in patients receiving
PD, offering a significantly shorter time from

Characteristics Total (N = 37)
Age, yr 53 (42-62)
Male, % 20 (54)
BMI, kg/m? 23 (19-24)
Diabetes, % 21 (87)
PD vinfage, yr 1.7 (1.0-3.3)
Serum creatinine, mg/dl 8.3 (6.7-11.2)
Serum potassium, mEg/| 3.8 (3.24.3)
Serum calcium, mg/dl 8.4 (7.7-9.0)
Serum phosphate, mg/d| 4.0 (2.6-5.2)
Serum albumin, gm/dl 2.3 (1.8-2.6)
Hemoglobin, gm/I 8.7 (71.1-10.3)
PDE cell count, cells/ul 420 (250-765)
PDE neutrophils, % 71 (563-90)
Abnormal chest x-ray, % 6 (50)
Cloudy effluents, % 27 (73)
Fever, % 8 (22)
Abdominal pain, % 13 (85)
Onset of anti-TB treatment, days affer peritonitis 36 (22-52)
Duration of received anti-TB freatment, days 310 (42-519)
Isoniazid resistance 2 (8)
Rifampicin resistance 0 (0)
Ethamburtol resistance 0 (0)

PD cathefer removal, % 28 (76)

Survived (n = 15) Death (n = 22) P-value®

57 (50-61) 50 (41-63) 0.39
8 (63) 12 (65) 0.94
24 (19-25) 22 (20-23) 0.35
9 (62) 12 (65) 0.74
1.5 (0.9-2.6) 2.0 (1.1-3.4) 0.50
8.8 (7.5-11.0) 7.8 (4.6-12.0) 0.93
3.9 (3.5-4.3) 3.5 (3.1-4.5) 0.67
8.5 (8.3-9.9) 8.3 (7.5-8.7) 0.13
3.4 (1.8-4.6) 4.0 (3.4-6.2) 0.19
2.4 (2.2-29) 2.1 (1.7-2.4) 0.13
8.3 (6.5-10.3) 9.1 (7.9-11.1) 0.50
560 (309-1497) 302 (220-550) 0.06
85 (59-98) 67 (49-88) 0.12
1 (20) 5 (83) 0.08
11 (73) 16 (73) 0.97
427 4(18) 0.54
5 (33) 8 (36) 0.85
27 (19-48) 64 (52-78) 0.03
385 (187-524) 38 (10-53) 0.05
1071 1(6) 0.63

0 (0) 0 (0)

0 () 0 (0)
13 (87) 15 (68) 0.20

BMI, body mass index; HD, hemodialysis; PD, peritoneal dialysis; PDE, PD effluent; TB, Mycobacterium tuberculosis.
*Test of difference using Mann-Whitney U and chi-square test for continuous and categorical measures, respectively.
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Figure 1. Comparison between sensitivity between conventional versus enriched PCR in detecting Mycobacterium tuberculosis from the PD

effluents. PCR, polymerase chain reaction; PD, peritoneal dialysis.

peritonitis onset to diagnosis while maintaining diag-
nostic sensitivity comparable to the gold standard
culture technique. Our study confirms the limitations
of conventional PCR in diagnosing PD-associated
tuberculous peritonitis, with a sensitivity of only
32% in patients on PD.

PCR after enriched culture has emerged as an alter-
native for diagnosing PD-associated tuberculous peri-
tonitis in resource-limited settings. PCR with
enrichment exhibited higher sensitivity for detection
of TB in PDE on day 3, matching the sensitivity of the
standard culture on day 20 but with a more favorable
time-to-diagnosis following peritonitis onset. The bar-
riers to early TB identification, including a small
number of acid-fast bacilli diluted in PDE and the less
virulent nature of TB, are effectively overcome by PCR
with enrichment, thereby showecasing its superiority
over conventional PCR (without enrichment).

PD-associated tuberculous peritonitis is associated
with significant morbidity and mortality. Our study
reveals a mortality rate of 27% among patients who
died before receiving a diagnosis from standard cul-
ture, emphasizing the crucial need for early diagnosis.
The PCR with 15-day enriched culture demonstrated
high sensitivity for TB detection in PDE (87%), out-
performing modern liquid culture techniques requiring
up to 10 weeks for a positive result.” Even in cases
where the culture alarm was negative, PCR with
enrichment at 3 days exhibited higher sensitivity than
PCR without enrichment, whereas the enrichment at 20
days matched standard culture for TB detection with a
substantially shorter mean time-to-diagnosis following
peritonitis onset (23 vs. 33 days). Early detection of PD-
associated tuberculous peritonitis offers the opportu-
nity for prompt treatment and may lead to better
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outcomes compared to cases where diagnosis is
delayed. The preferred time point for enriched culture
is 15 days, because it had shown high sensitivity (87%)
and shortened the time-to-diagnosis from 32 to 17 days.
However, it is imperative to reassess and potentially
modify the recommended time point for enriched cul-
ture based on the specific clinical context and the ur-
gent need for timely decision-making in managing
refractory peritonitis cases.

The study possesses notable strengths. First, it is
the inaugural proof-of-concept evaluation of the
diagnostic efficacy of PCR with enrichment for PD-
associated tuberculous peritonitis. PCR with enrich-
ment is practical and requires no sophisticated setup,
suggesting a feasible and expedited diagnostic and
treatment process for patients on PD with tuberculous
peritonitis. Second, the study was conducted across
multiple centers, including community-based hospi-
tals, providing insights into real-life practices
(Supplementary methods).”" *’ Lastly, all recruited
participants received antituberculous medications,
aligning with the 2022 International Society for PD
Guidelines recommendation.” Despite these strengths,
the study has limitations. First, only 37 patients (79%)
with tuberculous peritonitis had specimens available
for analysis, potentially reducing the study’s statisti-
cal power. Further research with a larger sample size is
warranted. Second, the study was conducted during
the COVID-19 pandemic, resulting in slower recruit-
ment and potential delays in PD catheter removal
based on physician justifications. Consequently, the
study’s outcome results may not be generalizable to
without pandemic-related challenges.
Furthermore, although PCR with enriched culture is
helpful for facilitating earlier diagnosis of tuberculous

situations
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peritonitis, it is still far from perfect with potential
clinical delays in diagnosis leading to significant
morbidity and mortality. Further innovative ap-
proaches to minimize such delays are needed.

In conclusion, PCR with enriched culture represents
a promising alternative for the early detection of
PD-associated tuberculous peritonitis, demonstrating
performance equal to standard culture in PDE. Given
the time-consuming nature of PD-associated tubercu-
lous peritonitis diagnosis, initiating antituberculous
treatment, with or without catheter removal, is crucial
for achieving favorable outcomes.
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