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Background: ISPD recommends culture-negative peritonitis in each peritoneal dialysis (PD) center should less
than 15%. The hospital in Thailand, however faced a significantly high rate of culture negative peritonitis, even
using blood culture bottles technique. This study evaluates the performance of three different culture methods in
detecting organisms in PD related peritonitis.

Methods: A prospective cohort diagnostic study was performed in PD patients diagnosed with PD related peri-
tonitis in Surin Hospital from October 2018 to June 2020. The Diagnosis of peritonitis was followed ISPD
guidelines. PDF sample from each patient was processed by three different blood culture bottle-based techniques,
including i) 50 ml PDF centrifugation, and ii) 10 ml PDF centrifugation before inoculated into blood culture
bottles, and iii) inoculation into blood culture bottles without centrifugation. The sensitivities and isolated or-
ganisms were compared among the individual methods.

Resuits: Of 126 PD patients with clinical peritonitis, PD related peritonitis was diagnosed in 87 patients with 105
PDF analysis. PDF culture showed gram-positive organisms 34%, gram-negative organisms 41%, fungal 5.71%,
and culture-negative result in 22.86%. The direct blood culture method was positive in 59.05%, while centri-
fugation before inoculated into blood culture bottles, has a higher percentage of positive results, 60.95% and
64.76% from 10 ml to 50 ml PDF volume; respectively. The sensitivity was 84% and 76.5% for 50 ml PDF
centrifugation and blood culture without centrifugation.

Conclusion: Large volume PDF centrifugation before inoculating into blood culture bottles may improve the
positive culture rate in PD related peritonitis.

1. Background the culture techniques [8]. However, traditional techniques often return

negative results, with culture-negative peritonitis being diagnosed in up

Peritonitis is the common complication in peritoneal dialysis (PD),
which impact patient survival [1-4]. Moreover, PD related peritonitis is
the major cause of technical failure in PD and lead to transfer to he-
modialysis [5,6]. Early diagnosis and prompt antibiotic initiation are
vital clues for treatment success. Collection of PDF for bacterial culture
is routinely performed in all patients with suspected CAPD peritonitis.
As such, an accurate culture technique is of paramount importance to
provide a guideline for an appropriate antibiotic selection. ISPD guide-
line recommend that culture-negative peritonitis should not represent
more than 15% of episodes [5]. The administration of antibiotics before
collecting peritoneal dialysis fluid (PDF) is one of the common causes of
negative cultures [7,8]. Another important cause of negative culture is

to 58.1% of cases.(8) For instance, the use of a hemoculture bottle was
shown to provide a higher diagnostic yield than using a culture dish [9].
A higher yield could also be achieved by pretreating a PDF sample (e.g.,
centrifugation) before transferring into a hemoculture bottle [10,11].
Several methods to improve the testing efficiency of PDF culture in
suspected peritonitis have been developed. The dialysis fluid can be
directly collected into the hemoculture bottle following the guidelines.
To further improve the diagnostic yield, the pre-treatment of PDF via
centrifugation may be used. In this technique, the sediment collected
through centrifugation of 50 mL of PDF is transferred into a hemoculture
tube for subsequent determination of microorganisms. This additional
step, together with an adoption of updated treatment guidelines, was

* Corresponding author. Nephrology Division Siriraj Hospital Wanglang Road, Bangkok-Noi, Bangkok, 10700, Thailand.

E-mail address: thatsaphan.sri@mahidol.ac.th (T. Srithongkul).

https://doi.org/10.1016/j.amsu.2021.01.087

Received 27 December 2020; Received in revised form 24 January 2021; Accepted 26 January 2021

Available online 13 February 2021

2049-0801/© 2021 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-ne-nd/4.0/).


mailto:thatsaphan.sri@mahidol.ac.th
www.sciencedirect.com/science/journal/20490801
https://www.elsevier.com/locate/amsu
https://doi.org/10.1016/j.amsu.2021.01.087
https://doi.org/10.1016/j.amsu.2021.01.087
https://doi.org/10.1016/j.amsu.2021.01.087
http://crossmark.crossref.org/dialog/?doi=10.1016/j.amsu.2021.01.087&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

D. Tanratananon et al.

found to reduce the rate of culture-negative peritonitis to 22% [12].
However, the implementation of this centrifugation technique in com-
munity hospitals is the major challenge due to limited laboratory facil-
ities. One of the variations to overcome this limitation is to lower PDF
volume (e.g. ~10-15 mL) [5].

To our knowledge, there is no previous study that systematically
compares the difference in the diagnostic yield among different culture
methods for PDF analysis. Therefore, this study aims to fill in this gap in
order to find a suitable method that displays a diagnostic yield similar to
the standard method and at the same time saves cost and resources,
which will be highly beneficial in low-resource facilities.

2. Material and methods
2.1. Patients and study design

This prospective diagnostic cohort study aimed to compare the
diagnostic yields of three culture techniques. Patients with an age of 15
years and above who were suspected of having CAPD peritonitis at Surin
hospital were enrolled between November 2018 and May 2020. The
diagnosis of PD-associated peritonitis needs at least two of the following
features: (1) clinical features of peritonitis, i.e., abdominal pain or
cloudy dialysis effluent; (2) dialysis effluent white cell count >100/pl
(after a dwell time of at least 2 h), with >50% neutrophils; and (3)
positive dialysis effluent culture [5].

The fluid from the dialysis bag was centrifuged at 3,000 rpm for 10
min (KUBOTA 5420, China) and the sediment of 5 mL was injected into
hemoculture bottle and incubated at 37 °C (Virtuo BacT/Alert, France).
PDF in the hemoculture bottle was removed and plated onto a blood
agar plate, a MacConkey agar plate and chocolate agar plate. The plates
were then incubated at 37 °C for 24 h under 5% COy atmosphere. Mi-
croorganisms were identified, and susceptibilities were determined by
the standard methods. Three culture methods were done with details as
follows.
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Method 1: 50 mL of dialysis fluid was collected and centrifuged at
3,000 rpm. Then, 5-10 mL of the sediment was collected into a blood
culture bottle and transferred into an agar plate.

Method 2: 10-15 mL of dialysis fluid was collected and centrifuged at
3,000 rpm. Then, 5 mL of the sediment was collected into a blood culture
bottle and transferred into an agar plate.

Method 3: 10-15 mL of dialysis fluid was directly collected into a
blood culture bottle without prior centrifugation and transferred to an
agar plate (standard method).

Relevant clinical information was collected from the patients’ med-
ical records and referral letter before and after the culture of the fluid
was performed. The study was approved by Human research Ethic
Committee, Medical Staff Organization, Surin Hospital Ethic number
62/2561. The study was registered at researchregistry.com via unique
identifying number (UIN) researchregistry 6389.This study has been
reported in line with the STROCSS criteria [13].

2.2. Statistical analysis

Descriptive statistics including frequency, percentage, mean, stan-
dard deviation was used to summarize and present the data. McNemar
test was used to compare the positivity yield of the culture methods.
Diagnostic accuracy measures including sensitivity and specificity were
calculated using composite culture results as the reference standard.

3. Results

Peritoneal dialysis fluid culture was done in a total of 126 patients.
Among these, 87 patients were diagnosed with CAPD peritonitis. Culture
was done 105 times in this group of patients (Fig. 1).

PDF culture was performed in a total of 126 patients. Eighty-seven
patients were diagnosed with CAPD peritonitis (averaged age = 59.04
years; 45 females; 81 males). Culture was done 105 times in this group of
patients. Among the 75 positive culture tests, 34 were gram positive and

126 PD patients with clinical suspected peritonitis

A

39 pts did not fulfill criteria for peritonitis

87 Patients had PD related peritonitis (105 samples)

)

Culture positive

l

Culture negative

81 patients 24 patients
Gram Gram Prior ATB No prior
F
positive negative 6 l:;il:;s used ATB used
34 patients 41 patients 3 13 patients 11 patients

Fig. 1. Flow diagram of patient enrollment.
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41 were gram negative. Three patients were infected with more than one
pathogen. The three most common pathogens were Staphylococcus,
Klebsiella, and E. coli. Six tests (5.71%) were positive for fungal infection.
Table 1 summarizes the results of the microbial culture tests. On the
other hand, the culture was tested negative in 24 patients (22.86%),
where 13 patients received prior antibiotics and 11 did not. Thirty-eight
patients received antibiotics within 30 days of diagnosis of peritonitis.

Comparing the three culture methods showed that using a blood
culture bottle alone was positive in 62 of 105 tests (59.05%), using
10-15 mL of centrifuged dialysis fluid was positive in 64 of 105 tests
(60.95%), and using 50 mL of centrifuged dialysis fluid yielded the
highest positivity rate of 68 of 105 tests (64.76%). The sensitivity was
highest in the 50 mL centrifugation method (84%) and lowest in the
10-15 mL centrifugation method (76.5%). However, the difference
among the three methods was not statistically significant (i.e., p-value =
0.2008 for 50 mL centrifugation vs. 10-15 mL centrifugation; p-value =
0.3711 for 50 mL centrifugation vs. 10-15 mL centrifugation). The
diagnostic yield and sensitivity of each culture method is shown in
Table 2.

4. Discussion

The present study showed a considerably low culture-negative rate of
22.86% in comparison to previous studies [14]. Among patients with
positive-culture tests, there were 32% who received prior antibiotic
treatment. Excluding these patients, the culture-negative rate decreased
to only 10.47%. In the culture-positive group, both high and low white
blood cell counts were detected in the PDF. This result is in contrast to
the previous study by Males which reported that a culture was more
likely to be positive when white blood cell count exceeded 500 cells
[14]. This difference may be explained by our inclusion criteria, which
adhered to the recommendations from the ISPD guideline, the antibiotic
treatments prior to the PDF collection.

Our study showed that the culture method using 50 mL of centri-
fuged dialysis fluid led to the highest positivity yield, which is in
agreement with previous studies [15,16]. It is of note that whether the
additional centrifugation step is of advantage in improving the positivity
rate of PDF analysis is still controversy [17]. Furthermore, we found that
the additional centrifugation step resulted in a higher positivity rate in
both 50 mL and 10-15 mL specimens, compared with the culture
without centrifugation. However, this difference was not statistically
significant. Considering that using 50 mL of centrifuged dialysis fluid
was 8% higher in terms of positivity when compared to the culture
without centrifugation, there is a trend that using a higher volume of
dialysis fluid (even only 10-15 mL) and centrifugation would likely
improve the positivity yield. Other factors that may affect culture pos-
itivity also needs to be taken into account.

Table 1
Results of peritoneal dialysis fluid culture among patients diagnosed with PD
related peritonitis.

Organisms Number of cultures % of all cultures
No growth 24 22.86
Gram positive 34 32.39
Staphylococus gr 16 15.24
Streptococus gr 4 3.81
Enterococcus 4 3.81
Corynebacterium 3 2.86
Bacillus 7 6.67
Gram negative 41 39.05
E.Coli 11 10.48
Klebsellar pneumoniae 13 12.38
Pseudomonas 3 2.86
Acinetobacter 7 6.67
Enterobacter 5 4.76
Seratia 2 1.9
Fungus 6 5.71
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Table 2
Positivity yield and sensitivity of three culture methods.

Method % of culture Sensitivity ~ 95% confidence
positive interval
Hemoculture bottle without 59.05% 76.5% 65.8-85.2
centrifugation
Centrifugation 10 ml + 60.95% 79% 68.5-87.3
Hemoculture bottle
Centrifugation 50 ml + 64.76% 84% 74.1-91.2

Hemoculture bottle

Unfortunately, there were a few limitations in our study. Firstly, it is
single-center nature with small patient numbers. Secondly, some pa-
tients received antibiotic before specimen collection, which may inter-
fere sensitivity and specificity accuracy of each method. The future
multicenter prospective cohort that included larger patient number may
be need to evaluate the performance of each method.

5. Conclusion

The centrifugation of the dialysis fluid before transferring to a
hemoculture bottle may help improve the positivity rate in facilities
where there is a high rate of culture-negative CAPD peritonitis and in

community hospitals that are not equipped to centrifuge large volume of
fluid.

Ethics approval and consent to participate

The study was approved by Human research Ethic Committee,
Medical Staff Organization, Surin Hospital Ethic number 62/2561.

Research registration unique identifying number (UIN)
Name of the registry: Research Registry.
Unique Identifying number or registration ID: researchregistry6389.
Hyperlink to your specific registration: https://www.researchregist

ry.com/browse-the-registry#home/registrationdetails/5fe225fbbd5
9cc001bc692cf/

Availability of data and materials

Further clinical data are available from the corresponding author
upon reasonable request.

Provenance and peer review

Not commissioned, externally peer-reviewed.

Guarantor

Thatsaphan Srithongkul.

Funding

None.

Authors’ contributions

Dr. Tanratananon conceptualized, collected and analyzed data,
drafted, reviewed and revised the manuscript. Deekae analyzed PDF
culture. Dr. Sukit reviewed the manuscript. Dr. Srithongkul contributed
to the concept, drafted and critically reviewed the manuscript. All au-
thors approved the final manuscript as submitted and agree to be
accountable for all aspects of the work.


https://www.researchregistry.com/browse-the-registry#home/registrationdetails/5fe225fbbd59cc001bc692cf/
https://www.researchregistry.com/browse-the-registry#home/registrationdetails/5fe225fbbd59cc001bc692cf/
https://www.researchregistry.com/browse-the-registry#home/registrationdetails/5fe225fbbd59cc001bc692cf/

D. Tanratananon et al.

Declaration of competing interest

All authors have no relevant financial interests or conflicts of interest

to report.

Acknowledgment
Not applicable.

References

[1] Kemp Boudville, Lim Clayton, Hawley Badve, et al., Recent peritonitis associates
with mortality among patients treated with peritoneal dialysis, J. Am. Soc.
Nephrol. 23 (8) (2012) 1398-1405.

[2] Johnson Cho, Peritoneal dialysis-related peritonitis: towards improving evidence,
practices, and outcomes, Am. J. Kidney Dis.: Off. J.Natl Kidney Found 64 (2)
(2014) 278-289.

[3] Finkelstein Troidle, Treatment and outcome of CPD-associated peritonitis, Ann.
Clin. Microbiol. Antimicrob. 5 (2006) 6.

[4] Zhou Ye, Guo Fan, Huang Mao, et al., The impact of peritoneal dialysis-related
peritonitis on mortality in peritoneal dialysis patients, BMC Nephrol. 18 (1) (2017)
186.

[5] Szeto Li, de Arteaga Piraino, Figueiredo Fan, et al., ISPD peritonitis
recommendations: 2016 update on prevention and treatment, Perit. Dial. Int. 36
(5) (2016) 481-508.

[6] Johnson Chen, Hawley, Boudville, Lim, Association between causes of peritoneal

dialysis technique failure and all-cause mortality, Sci. Rep. 8 (1) (2018) 1-10.

[7]

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Annals of Medicine and Surgery 63 (2021) 102139

Hawley Fahim, Brown McDonald, Wiggins Rosman, et al., Culture-negative
peritonitis in peritoneal dialysis patients in Australia: predictors, treatment, and
outcomes in 435 cases, Am. J. Kidney Dis. 55 (4) (2010) 690-697.

Wong Szeto, Leung Chow, Li, The clinical course of culture-negative peritonitis
complicating peritoneal dialysis, Am. J. Kidney Dis. 42 (3) (2003) 567-574.
Moss Holley, A prospective evaluation of blood culture versus standard plate
techniques for diagnosing peritonitis in continuous ambulatory peritoneal dialysis,
Am. J. Kidney Dis. 13 (3) (1989) 184-188.

Choi Yoon, Yun, Detecting bacterial growth in continuous ambulatory peritoneal
dialysis effluent using two culture methods, Korean J Intern Med 25 (1) (2010) 82.
OK Azap, F Timurkaynak, S Sezer, U Gagir, G Yapar, H Arslan, et al., Value of
automatized blood culture systems in the diagnosis of continuous ambulatory
peritoneal dialysis peritonitis, Transplantation Proc 38 (2) (2006) 411-412.

Unal Kocyigit, Bahcebasi Karademir, Tokgoz Sipahioglu, et al., Improvement in
culture-negative peritoneal dialysis-related peritonitis: a single Center’S
experience, Perit. Dial. Int. 32 (4) (2012) 476-478, 2012.

Abdall-Razak Agha, Dowlut Crossley, Mathew Iosifidis, STROCSS 2019 Guideline:
strengthening the reporting of cohort studies in surgery, Int. J. Surg. 72 (2019)
156-165.

Walshe Males, Koscinski Garringer, Amsterdam. Addi-Chek filtration, BACTEC, and
10-ml culture methods for recovery of microorganisms from dialysis effluent
during episodes of peritonitis, J. Clin. Microbiol. 23 (2) (1986) 350-353.
Washington Woods II, Comparison of methods for processing dialysate in suspected
continuous ambulatory peritoneal dialysis-associated peritonitis, Diagn. Microbiol.
Infect. Dis. 7 (2) (1987) 155-157.

Golper Sewell, Thomas Hulman, Kubey West, et al., Comparison of large volume
culture to other methods for isolation of microorganisms from dialysate, Perit. Dial.
Int. 10 (1) (1990) 49-52.

Chow Chow, Law Szeto, Li Leung, Continuous ambulatory peritoneal dialysis
peritonitis: broth inoculation culture versus water lysis method, Nephron Clin.
Pract. 105 (3) (2007) c121-c125.


http://refhub.elsevier.com/S2049-0801(21)00088-1/sref1
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref1
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref1
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref2
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref2
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref2
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref3
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref3
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref4
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref4
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref4
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref5
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref5
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref5
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref6
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref6
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref7
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref7
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref7
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref8
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref8
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref9
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref9
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref9
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref10
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref10
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref11
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref11
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref11
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref12
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref12
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref12
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref13
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref13
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref13
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref14
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref14
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref14
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref15
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref15
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref15
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref16
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref16
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref16
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref17
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref17
http://refhub.elsevier.com/S2049-0801(21)00088-1/sref17

	Evaluation of different methods to improve culture-negative peritoneal dialysis-related peritonitis: A single-center study
	1 Background
	2 Material and methods
	2.1 Patients and study design
	2.2 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Ethics approval and consent to participate
	Research registration unique identifying number (UIN)
	Availability of data and materials
	Provenance and peer review
	Guarantor
	Funding
	Authors’ contributions
	Declaration of competing interest
	Acknowledgment
	References


