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ABSTRACT

Objective The risk factors associated with urinary tract
infections (UTIs) in patients with SLE remain uncertain. We
evaluated the vaginal microbiota pattern and its potential
UTI-associated risk factors.
Methods A pilot cross-sectional study of patients with
SLE was conducted at Ramathibodi Hospital, Bangkok,
Thailand, during 2019–2020. Patients’ demographic
data and relevant information were collected. Vaginal
microbiota was assessed in all patients and in 10 healthy
volunteers.
Results Fifty-two patients were enrolled (mean age:
46.1 years). All patients had SLE that was in low disease
activity. As per the Simpson_e index, the within-group
alpha diversity of the vaginal microbiota was low in
the SLE with UTI and SLE receiving trimethoprim-
sulfamethoxazole (TMP-SMX) prophylaxis groups.
Multivariate logistic regression analysis revealed that
TMP-SMX prophylaxis (adjusted OR (AOR), 30.96; 95%
CI 3.63 to 264.11; p=0.002), elevated C3 levels (AOR,
35.33; 95% CI 1.33 to 936.67; p=0.033) and presence
of Veillonella dispar in the vaginal microbiota (AOR, 6.68;
95% CI 1.27 to 35.07; p=0.025) were associated with UTI.
Conclusions The vaginal microbiota diversity differed
between patients with lupus with and without UTI, and
unnecessary administration of TMP-SMX prophylaxis may
affect the alpha diversity of the vaginal microbiota.

INTRODUCTION
SLE is a chronic autoimmune disease involving
multiple organ systems.1 Infections can
trigger the body’s immune response, which
aggravate the SLE disease activity and result
in morbidity and mortality in these patients.2
Urinary tract infections (UTIs) are among the
most common infections in patients with SLE
and have a 36% prevalence compared with
an approximately 12% prevalence among the
general population.3 4
Several risk factors can lead to UTI
development, including defects in the
host immune response either secondary

Key messages
What is already known about this subject?
►► Urinary tract infections (UTIs) in patients with SLE re-

main a critical infectious complication that increases
patients’ morbidity and mortality.
►► Comprehensive potential risk factors and vaginal microbiota patterns associated with UTI are unreported
in this population.
What does this study add?
►► Vaginal microbiota diversity differs between patients

with SLE with UTI and those without UTI.
►► Unnecessary use of trimethoprim-sulfamethoxazole

prophylaxis may affect the alpha diversity of the vaginal microbiota.
How might this impact on clinical practice or future
developments?
►► This study reflects unnecessary treatment and
provides evidence to support discontinuing
trimethoprim-
sulfamethoxazole prophylaxis in patients with SLE who are receiving low-level immunosuppressive agents.

to immunosuppressive drugs or patients’
medical conditions; uncontrolled diabetes;
anatomical abnormalities of the genitourinary system; imbalances of specific cytokines,
such as interleukin 1β and interleukin 1β
antagonists, which are reported to play roles
in controlling Escherichia coli colonisation in
the genitourinary tract; and altered vaginal
microbiota.5–7 Kirjavainen et al8 found that
the vaginal microbiota in UTI-prone women
exhibited diminished Lactobacillus compositions compared with those in the control
group (p=0.003).
One of the first large-
scale, non-
culture-
dependent studies of vaginal microbial
communities assessed approximately 400
asymptomatic North American women and
revealed that most vaginal microbial flora
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Vaginal microbiota affects urinary tract
infection risk in women with systemic
lupus erythematosus: a pilot cross-
sectional study from Thailand
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Objectives
The primary objective of this work was to study the potential characteristics of the vaginal microbiota associated
with UTI in women with SLE. The secondary objectives
were to evaluate the associated risk factors for UTI in
women with SLE and explore whether SLE-related treatment affects UTI development in this population.
METHODS
Study design
A pilot cross-
sectional study of patients with SLE was
conducted at Ramathibodi Hospital, a university hospital
in Bangkok, Thailand. Women with SLE, according to the
Systemic Lupus International Collaborating Clinics 2012
classification criteria, aged >18 years visiting the rheumatology or infectious disease clinics from March 2019 to
2

March 2020 were screened for enrolment regardless of
their SLE disease activity, age and immunosuppressive
therapy.
Patients were excluded if they had at least one of the
following conditions at screening:
1. History of antibiotic use within 2 weeks before enrolment for any reason other than a UTI or suspected
UTI.
2. Receipt of hormone replacement therapy, oral contraceptive pills or an intrauterine device.
3. History of vaginal douching within 4 weeks before
enrolment.
4. Diagnoses of gynaecological infections within
1 month before enrolment.
5. Known or newly diagnosed non-infectious renal conditions resulting in an abnormal urinalysis at baseline
(eg, IgA nephropathy, lupus nephritis).
6. Need for routine urinary catheterisation or indwelling urinary catheter.
7. Pregnancy.
8. No gynaecological examination was performed for
any reason.
9. Diagnoses of any malignancies.
10. Known abnormal genitourinary tract structure.
Definitions
Urinary tract infection
Diagnosis of UTI was adapted from the Infectious
Diseases Society of America and the European Society for
Microbiology and Infectious Diseases using the following
criteria15 16:
1. Relevant clinical presentations: participants with acute
dysuria alone or with fever (>37.9°C or 1.5°C increase
above baseline temperature) plus at least one symptom
or new or worsening symptoms associated with urination, including urgency, frequency, suprapubic pain,
gross haematuria, costovertebral tenderness and/or
urinary incontinence.
2. Laboratory diagnostic criteria:
2.1. Presence of >10 white cell count per 109/L/high-
power field on urinalysis.
2.2. Evidence of bacteriuria (≥105 colony-forming units
(CFU)/mL in self-voided urine or ≥102 CFU/mL in
single catheterised urine).
Culture-confirmed UTI was defined as those from individuals who met criteria 1, 2.1 and 2.2.
Probable UTI was defined as those from individuals
who met only criteria 1 and 2.1.
High-level immunosuppression
High-
level immunosuppression was defined as at least
one of the following17 18:
1. Receipt of corticosteroid therapy of ≥20 mg/day of
prednisolone or equivalent for ≥14 days.
2. Receipt of methotrexate (MTX) >0.4 mg/kg/week or
azathioprine >2 mg/kg/day or 6-mercaptopurine (6-
MP) >1.5 mg/kg/day.
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(73%) were dominated by one or more species of Lactobacillus.9 Proposed mechanisms by which Lactobacillus
may prevent UTI include preventing E. coli from colonising the vagina via competitive mechanisms in which
Lactobacillus spp adhere to uroepithelial cells, lowering
the vaginal pH by producing lactic acid, and producing
bacteriocins, surfactants and hydrogen peroxide.10 Lactic
acid concentrations are high in a Lactobacillus-dominated
vaginal microbiota, and these conditions produce a
potently antimicrobial environment in vitro.11
Many factors affect the vaginal microbiota, including
a natural or treatment-
associated lack of oestrogen,
especially during menopause, receiving antimicrobial
treatment or contraceptive pills, and having bacterial
vaginosis, especially when lacking Lactobacillus spp.10
Women lacking vaginal Lactobacillus are at an increased
risk of various urogenital disease conditions, including
bacterial vaginosis, HIV infection, Neisseria gonorrhoeae
infections and vaginal colonisation by E. coli.12 13
Nielsen et al14 compared the E. coli faecal flora characteristics in patients with UTI with those of healthy
controls who had never had a UTI and discovered that
87% of patients with UTI carried the infecting strain in
their faecal flora. Additionally, faecal clones causing the
UTI were more often dominant in the faecal flora. These
findings support the UTI pathogenesis in which the gut
microbiota colonising the vaginal introitus and periurethra may cause an ascending infection via the urethra to
the bladder and sometimes the kidneys.10 Thus, many
patients with SLE may be at risk of UTI after receiving
immunosuppressive therapy, treatments affecting normal
ovarian function, or antibiotics or if they have altered
vaginal microbiota patterns either from impaired ovarian
function or imbalanced glucose homeostasis. However,
knowledge is lacking regarding patients with SLE and the
associated risk factors for UTI considering that these individuals are immunocompromised. Moreover, the vaginal
microbiota compositions in women with UTI-associated
SLE are unreported. Here, we assessed the associated risk
factors for UTI in this population.

Co-m orbidities

Low-level immunosuppression
Low-level immunosuppression was defined as at least one
of the following17 18:
1. Receipt of systemic corticosteroid therapy of <20 mg/
day of prednisolone or equivalent for ≤14 days or receiving alternate-day corticosteroid therapy.
2. Receipt of MTX ≤0.4 mg/kg/week, azathioprine ≤2 mg/kg/day or 6-MP ≤1.5 mg/kg/day.
3. Receipt of mycophenolate mofetil <1.5 g/day or Myfortic <1080 mg/day.
4. Receipt of a combination of two immunosuppressive
drugs, including MTX, azathioprine, mycophenolate
mofetil and Myfortic, or combined prednisolone with
one immunosuppressive drug including MTX, azathioprine, 6-MP, mycophenolate mofetil and Myfortic.
Active SLE
Active SLE was defined as SLE in patients with a modified Systemic Lupus Erythematosus Disease Activity Index
2000 (SLEDAI-2K) score ≥4.19 20
Alpha diversity
Alpha diversity represents bacterial richness, evenness or
both within a single sample.21
Simpson_e index
Simpson_e index is one of the most commonly used alpha
diversity measures.22
Data and sample collection
Patients’ demographic data, menstrual status, cause
of menopause, vaginal pH, coexisting medical conditions, modified SLEDAI-2K scores, use of trimethoprim-
sulfamethoxazole (TMP-
SMX) and/or acyclovir as
prophylactic agents for opportunistic infections, complete
blood count, glycosylated haemoglobin (HbA1C), and
fasting plasma glucose, C3 and C4 levels were collected
at enrolment. The immunosuppressive drug type and
data on the 3-month cumulative dose of each drug were
recorded.
On the day of enrolment, vaginal swabs were taken
at the posterior fornix to assess the vaginal microbiota
and urinalyses were performed on all participants. Five
healthy menopausal and five healthy non-
menopausal
women agreed to participate in the study and were used
as controls to compare with the enrolled study population on their menstrual status. All healthy controls were
screened for the same inclusion/exclusion criteria as
were the patients with SLE. The vaginal swabs were stored

at −80°C until DNA extraction. Blank swabs and blank
buffer controls were also included.
Sample processing and DNA extraction
Total DNA was extracted using the GenUP gDNA Extraction Kit (Biotechrabbit, Berlin, Germany) with additional
mechanical lysis steps. First, 1 mL of swab suspension was
transferred to a 2 mL lysis tube and centrifuged at 2000
revolutions per minute (rpm) for 5 min to pellet the bacterial cells. After removing the supernatant, the sample was
added to 200 µL of lysis buffer from the extraction kit
and lysed using a TissueLyser LT with a 5 mm stainless
steel bead (Qiagen, Hilden, Germany) at 50 Hz for 5 min.
The unlysed residue was pelleted again by centrifuging
at 12 000 rpm for 2 min. The lysate was then processed
following the standard protocol from the extraction kit.
16S rDNA amplification
The amplification method for next-
generation
sequencing was modified from a previous publication.23
Briefly, the V4 region of the bacterial 16S rDNA was
amplified using four phasing primer sets (spacers 1–4)
containing the target primer sequences 515F: 5′-GTGCCAGCMGCCGCGGTAA-3′ and 806R: 5′-GGACTACHVGGGTWTCTAAT-3′. Each 20 µL PCR consisted of
20 ng of DNA template, 0.2 µM of each primer, 0.2 mM
of deoxynucleoside triphosphate, 1× Phusion Green HF
Buffer and 0.4 U of Phusion DNA Polymerase (2 U/µL)
(Thermo Scientific, Waltham, Massachusetts, USA). The
thermal profile included the following:
1. Initial denaturation at 98°C for 30 s.
2. Twenty-five cycles of amplification (98°C for 10 s, 53°C
for 25 s, 72°C for 25 s).
A final extension at 72°C for 10 min was done.
Library preparation and next-generation sequencing
The PCR product was reamplified using another set of
primers composed of a dual multiplexing index set and
Illumina adapters. The PCR reaction was prepared using
the same protocol as the first PCR in a total volume of
40 µL. For the second PCR, DNA was amplified under
the following conditions: 98°C for 30 s, 25 amplification
cycles (98°C for 10 s, 60°C for 30 s, 72°C for 30 s) and a
final extension at 72°C for 10 min. The PCR product was
examined using 2% agarose gel electrophoresis. The
expected band (~440 bp) was purified using the QIAquick
Gel Extraction Kit (Qiagen, Germany). Purified DNA
was quantified via quantitative PCR using KAPA Library
Quantification Kits for Illumina platforms (Kapa Biosystems, USA). The DNA libraries were pooled at equal
amounts. The pooled library was spiked with 20% PhiX
and subsequently pair-end sequenced at 2×250 bp using a
MiSeq V.2 reagent kit on the MiSeq sequencing platform
(Illumina, San Diego, California, USA).
Data analysis
Raw data were demultiplexed using MiSeq Reporter
Software (V.2.6.2.3). Paired-end FASTQ sequences were
analysed using the QIIME2 pipeline (V.2018.8).24 Briefly,
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3. Receipt of biological immune modulators, including
tumour necrosis factor-alpha blockers and rituximab.
4. Receipt of mycophenolate mofetil >1.5 g/day or Myfortic >1080 mg/day.
5. Receipt of cyclophosphamide.
6. Receipt of a combination of three of more immunosuppressive agents, including prednisolone, MTX, azathioprine, 6-MP, mycophenolate mofetil and Myfortic,
at any doses.

Lupus Science & Medicine

Statistical analyses
Categorical variables are presented as frequencies and
percentages. Continuous variables are presented as mean
and SD or median and IQR for data with and without a
normal distribution, respectively. Characteristics between
patients with and without UTI were compared via χ2 or
Fisher’s exact tests for categorical variables and Mann-
Whitney U test or Student’s t-test for continuous variables. ORs and their 95% CIs were calculated. Two-tailed
tests were used to determine statistical significance, and
p<0.05 was considered significant. All variables with
p<0.05 in the univariate analysis were considered for
inclusion in the multivariate analysis. All statistical analyses were performed using SPSS V.17.0 statistical software.
RESULTS
Baseline characteristics
Among 1500 patients with SLE in the rheumatology
clinic, 104 female patients were screened for enrolment
and 52 patients agreed to participate in the study; 18
(34.6%) were diagnosed with UTI (17 with probable
UTI and one with confirmed UTI). The mean age of
all patients was 46.1±12.7 years, and 33 of 52 (63.5%)
were in menopause. Among those in menopause, 29
(87.9%) were undergoing natural menopause (table 1).
The proportion of menopausal patients was higher in
the SLE without UTI group (24 of 34 patients, 70.6%)
than in the SLE with UTI group (9 of 18 patients, 50%;
p=0.226). Of the 52 patients, 23 (44.2%) had coexisting
conditions: 9 (17.3%) had hypertension, 5 (9.6%) had
hyperlipidaemia, 4 (7.7%) had well-controlled diabetes
(mean HbA1C of 5.85%±0.87%), 3 (5.8%) had myoma
uteri, 1 (1.9%) had undergone kidney transplantation
and 1 (1.9%) had HIV. No patients in the SLE without
UTI group had myoma uteri, whereas 3 of 18 (16.7%) in
the SLE with UTI group had myoma uteri (p=0.037). All
patients were in remission or low disease activity with a
median modified SLEDAI-2K of 0 (range, 0–1). None of
these developed active SLE necessitating treatment modification during the study period. The common immunosuppressive drug prescribed was prednisolone (44 of
52 patients, 84.6%; table 1). The drug type and 3-month
cumulative immunosuppressive drug doses did not differ
between the SLE with UTI and SLE without UTI groups
(tables 1 and 2). Of 52 patients, 11 (21.2%) received TMP-
SMX as a prophylactic agent, whereas 18 (34.6%) patients
received acyclovir for prophylaxis. Nine of 18 (50%)
patients receiving TMP-SMX prophylaxis developed UTI
4

compared with 2 of 34 (5.9%) patients in the SLE without
UTI group (p<0.001). Baseline laboratory values did not
differ between the groups, as shown in online supplemental data, except for the UTI group which had a higher
mean C3 level (1.1±0.2 g/L vs 0.9±0.3 g/L; p=0.027). The
mean age among healthy menopausal individuals was
61±6.36 years old and 39.6±10.5 years old among healthy
non-menopausal women. All healthy volunteers did not
have any significant medical conditions and reported no
regular medications at enrolment.
Vaginal microbiota
The median vaginal pH in the SLE with and without UTI
groups did not statistically differ (5.3 (5–5.5) vs 5.5 (4.4–
5.5); p=0.633). Of 52 patients, 15 (28.8 %) were discovered to have at least 50% of the sequences belonging to
the Lactobacillus spp, and this proportion of patients was
similar to that of the healthy volunteers (3 of 10, 30%;
figures 1 and 2). Thus, Lactobacillus spp were considered the predominant organisms in all participants. The
proportions of Enterococcus spp, Peptostreptococcus spp and
Veillonella dispar were higher in the SLE with UTI group
than in the SLE without UTI group (p=0.038, p=0.046
and p=0.015, respectively; table 1). Alpha diversity among
all patients was determined via the Simpson_e index, and
patients in the SLE with UTI group and SLE patients
taking TMP-SMX prophylaxis had relatively low diversities compared with those of the controls (p=0.039 and
p=0.041, respectively; figures 3 and 4). Patients’ menstrual
status did not affect the alpha diversity.
Potential associated risk factors for UTI in this population
SMX prophylaxis (OR: 16, 95% CI 2.92 to 8.70;
TMP-
p=0.001), elevated plasma C3 levels (OR: 12.75, 95% CI
1.21 to 133.83; p=0.034), and presence of Enterococcus
spp (OR: 3.472, 95% CI 1.04 to 11.55; p=0.042), V. dispar
(OR: 4.37, 95% CI 1.29 to 14.73; p=0.018) and Peptostreptococcus spp (OR: 3.29, 95% CI 1.00 to 10.79; p=0.05) in
the vaginal microbiota were associated with an increased
risk of UTI in the univariate analysis. In the multivariate
logistic regression analysis, only three factors reached
statistical significance: TMP-SMX prophylaxis (adjusted
OR (AOR): 30.96, 95% CI 3.63 to 264.11; p=0.002),
elevated plasma C3 levels (AOR: 35.33, 95% CI 1.33 to
936.67; p=0.033) and presence of V. dispar (AOR: 6.68,
95% CI 1.27 to 35.07; p=0.025; table 3).
DISCUSSION
Several factors affect UTI development in women.28
The unidirectional urine flow resulting from ureteric
and bladder peristalsis helps reduce bacterial adhesion
to epithelial cells.29 Another local mechanism is glycosaminoglycan secretion by bladder transitional cells, which
acts as an antiadherence factor and traps bacteria.30 If the
innate immune system fails to respond to the invading
bacteria, the complement system and other complex
mechanisms will occur next. C3 is one of the essential
factors that promote opsonisation to speed up bacterial
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paired-end reads were merged and trimmed based on
quality score (<Q30). Joined reads were deduplicated and
clustered with 97% similarity using VSEARCH.25 Chimeric
sequences were also filtered out by the UCHIME algorithm.26 The filtered reads were classified based on 99%
operational taxonomic units clustered in the 16S Greengene database (V.2013.8)27 using the VSEARCH algorithm.

Co-m orbidities

Variables

Total (N=52)

SLE with UTI
(n=18)

SLE without UTI
(n=34)

Age (years), mean (SD)

46.1 (12.7)

43.5 (10.6)

47.4 (13.7)

0.296
0.226

P value

Menstrual status, n (%)
 Non-menopausal

19 (36.5)

9 (50)

10 (29.4)

 Menopausal

33 (63.5)

9 (50)

24 (70.6)

29 (87.9)

7 (77.8)

22 (91.7)

Cause of menopause, n (%)
 Natural menopause

0.555

 Treatment-associated

4 (12.1)

2 (22.2)

2 (8.3)

Duration of menopause prior to enrolment, years,
median (IQR)

7 (4.5–15)

7 (4.5–11.0)

8 (2.8–16.5)

0.254

Vaginal pH, median (IQR)

5.5 (5–5.5)

5.3 (5–5.5)

5.5 (4.4–5.5)

0.633

Coexisting conditions, n (%)
 None

33 (63.5)

10 (55.6)

23 (67.6)

 Well-controlled diabetes

4 (7.7)

2 (11.1)

2 (5.9)

0.602

 Hypertension

9 (17.3)

2 (11.1)

7 (20.6)

0.47

 Hyperlipidaemia

5 (9.6)

2 (11.1)

3 (8.8)

1

 Myoma uteri

3 (5.8)

3 (16.7)

0 (0)

0.037

 Kidney transplantation

1 (1.9)

1 (5.6)

0 (0)

0.346

 HIV

1 (1.9)

0 (0)

1 (2.9)

1

Immunosuppressive drugs, n (%)
 Prednisolone

44 (84.6)

16 (88.9)

 HCQ

39 (75)

14 (77.8)

25 (73.5)

1

 Azathioprine

28 (53.8)

12 (66.7)

16 (47.1)

0.245

28 (82.4)

0.698

 Cyclophosphamide

2 (3.8)

0 (0)

2 (5.9)

0.538

 MTX

6 (11.5)

2 (11.1)

4 (11.8)

1

 MMF

9 (17.3)

2 (11.1)

7 (20.6)

0.47

 Ciclosporin A

2 (3.8)

1 (5.6)

1 (2.9)

1

 Tacrolimus

3 (5.8)

2 (11.1)

1 (2.9)

0.543

 Sulfasalazine

1 (1.9)

0 (0)

1 (2.9)

1

 Leflunomide

5 (9.6)

1 (5.6)

4 (11.8)

0.648

 Everolimus

1 (1.9)

1 (5.6)

0 (0)

0.346
0.308

Level of immunosuppression, n (%)
 High level

3 (5.8)

0 (0)

3 (8.8)

 Low level

49 (94.2)

18 (100)

31 (91.2)

TMP-SMX prophylaxis, n (%)

11 (21.2)

9 (50)

2 (5.9)

<0.001

Acyclovir prophylaxis, n (%)

18 (34.6)

9 (50)

9 (26.5)

0.127

 
Enterococcus spp

19 (36.5)

10 (55.6)

9 (26.5)

0.038

 
Peptostreptococcus spp

22 (42.3)

11 (61.1)

11 (32.4)

0.046

 
Veillonella dispar

20 (38.5)

11 (61.1)

9 (26.5)

0.015

Vaginal microbiota, n (%)

HCQ, hydroxychloroquine; MMF, mycophenolate mofetil; MTX, methotrexate; TMP-SMX, trimethoprim-sulfamethoxazole; UTI, urinary
tract infection.

elimination. Deficient C3 may result in ineffective bacterial clearance, thus resulting in severe infection.30 31
Syukri et al31 noticed that serum C3 levels were significantly lower in patients with recurrent UTIs than in
healthy younger women (mean 42.08 µg/mL ±1.20 vs

42.75 µg/mL ±0.71, p=0.008). However, Springall et al32
used a mouse model to demonstrate conflicting results in
which C3 deficiency prevented an ascending renal infection. These authors postulated that the bacteria used C3
to enter renal epithelial cells, thus resulting in low C3
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Table 1 Demographic and baseline characteristics

Lupus Science & Medicine

Immunosuppressive drugs

SLE with UTI (n=18)

SLE without UTI (n=34)

P value

Prednisolone, mg/day, median (IQR)

6.3 (5.0–10.0)

7.5 (3.13–10.0)

0.611

HCQ, mg/day, mean±SD

173.5±53.1

173.5±53.8

0.960

Azathioprine, mg/day, mean±SD

67.9±31.9

58.7±24.0

0.393

MTX, mg/day, median (IQR)

13.8 (5.6–24.0)

8.8 (7.5–10.0)

0.617

MMF, mg/day, mean±SD

1000±0

1351.4±623.7

0.667

HCQ, hydroxychloroquine; MMF, mycophenolate mofetil; MTX, methotrexate; UTI, urinary tract infection.

levels. In our study, the mean serum C3 levels were higher
in the SLE with UTI group than in the SLE without UTI
group, possibly because C3 acts as an acute-phase protein
and may be elevated during infectious episodes such as
UTIs.33 However, determining the serum C3 level at one
time point may not explain the entire clinical course but
may be used to monitor dynamic changes in the complement. The vaginal microbiota is no less critical than the
intact host immune responses. These microbes help
maintain a healthy environment in the birth canal by
hindering excessive growth of colonising uropathogens,
thus reducing the risk of UTI.10 34–37 The vaginal microbiota responds to uropathogens by competitive exclusion.
Lactobacillus adheres to uroepithelial cells and produces
lactic acid and other substances that alter the vaginal
canal environment for excessive growth of specific
pathogens.38–44
Prolonged antibiotic use may affect the vaginal microbiota, mostly reducing the microbial diversity. This effect
triggers abnormal multiplication of the uropathogens,
eventually altering the vaginal colonisation pattern.
One animal study supported this theory: the researchers
flushed cefadroxil into monkeys’ vaginas and found
predominant E. coli colonisation in 9 of 10 monkeys.
Conversely, another group found no E. coli colonisation
in the vaginal canals despite flushing them with P-fimbriated E. coli.45 46 Consistently, in the current study, Enterococcus spp, Peptostreptococcus spp and V. dispar proportions

were higher in the SLE with UTI group than in the SLE
without UTI group (p=0.038, p=0.046 and p=0.015,
respectively). Additionally, the alpha diversity was low
in the SLE with UTI group and in those who received
TMP-SMX prophylaxis. Thus, prolonged use of a TMP-
SMX prophylaxis may affect the vaginal microbiota, but
consequent UTI development requires additional clinical
information to conclude.
Smith et al46 examined whether prior antimicrobial
use influenced the subsequent relative risk of UTI in
premenopausal women. These authors concluded that
previous antibiotic use within 28 days as well as TMP-SMX
were associated with an increased risk of UTI (relative
risk: 5.83, 95% CI 3.17 to 10.70 and relative risk: 4.56,
95% CI 2.10 to 9.87, respectively). Another retrospective
study conducted at the University Student Health Center
of the University of Florida between 2006 and 2014
revealed that TMP-SMX use as an initial agent in cystitis
increased the risk of subsequent UTI events (AOR: 2.14,
95% CI 1.23 to 4.09).47 This finding may be explained in
that increasingly resistant bacteria caused the UTI, which
could only be partially treated with TMP-SMX. Unknown
effects on the vaginal microbiota may also cause recurrent infections. In our study, TMP-
SMX prophylaxis
was a potent associated risk factor of UTI (AOR: 30.96,
95% CI 3.63 to 264.11; p=0.002). Thus, prolonged use of
TMP-SMX prophylaxis may cause unrecognised harm in
patients with SLE.

Figure 1 Relative abundance of taxa in vaginal samples from healthy controls, patients with SLE without UTI and patients with
SLE with UTI. UTI, urinary tract infection.
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Table 2 Three-month cumulative dose of immunosuppressive drugs

Co-m orbidities

TMP-
SMX is considered an effective treatment for
uncomplicated UTIs; therefore, some clinicians acknowledge that patients may benefit from reduced risk of UTI,
pneumocystis pneumonia and toxoplasmosis. However,
one extensive clinical survey conducted at 28 hospitals across Thailand from 2000 to 2005, focusing on
the susceptibility patterns of E. coli to TMP-SMX among
non-
critically ill individuals, demonstrated that 62.6%
of the isolates were resistant to TMP-SMX.48 Therefore,
routinely prescribing TMP-SMX to prevent UTI should
be discouraged in Thailand.
TMP-
SMX is indicated for opportunistic infection
prophylaxis when CD4 counts are low or the patient is
receiving high-
dose corticosteroid therapy.49 However,
to date, no consensus has been reached regarding when
TMP-
SMX should be provided to patients with SLE.

Figure 3 Distribution of alpha diversity within groups as
measured by the Simpson_e index among healthy controls
and patients with and without urinary tract infection (UTI).
*lower alpha diversity among SLE with UTI and patients
taking TMP-SMX prophylaxis compared with healthy
controls.

Therefore, TMP-SMX for opportunistic infection prophylaxis as part of SLE treatment is solely individualised.
Interestingly, most patients in our study were treated
with only low-level immunosuppressive drugs, but a large
proportion of them received TMP-
SMX prophylaxis.
Our data may reflect unnecessary treatment and provide
evidence to support discontinuing TMP-SMX prophylaxis
in patients with SLE who are receiving low-level immunosuppressive agents.
To further analyse whether TMP-SMX affects Lactobacillus proportions, Melkumyan et al50 conducted a clinical
study assessing the sensitivity patterns of 123 vaginal Lactobacillus strains to a variety of antibiotic types and noticed
that all strains were resistant to TMP-
SMX. Hence,

Figure 4 Distribution of alpha diversity within groups as
measured by the Simpson_e index among healthy controls,
patients with SLE taking TMP-SMX and patients with SLE not
taking TMP-SMX prophylaxis. *lower alpha diversity among
SLE with UTI and patients taking TMP-SMX prophylaxis
compared with healthy controls. TMP-SMX, trimethoprim-
sulfamethoxazole.
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Figure 2 Relative abundance taxa bar plot of vaginal samples from healthy controls, patients with SLE taking TMP-SMX
prophylaxis and patients with SLE not taking TMP-SMX prophylaxis. TMP-SMX, trimethoprim-sulfamethoxazole.
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Variables

Univariate analysis
OR (95% CI)

P value

Multivariate analysis
OR (95% CI)

P value

TMP-SMX prophylaxis

16 (2.92 to 87.70)

0.001

30.96 (3.63 to 264.11)

0.002

Serum C3 level

12.75 (1.21 to 133.83)

0.034

35.33 (1.33 to 936.67)

0.033

 
Enterococcus spp

3.472 (1.04 to 11.55)

0.042

5.53 (0.93 to 32.96)

0.060

 
Veillonella dispar

4.37 (1.29 to 14.73)

0.018

6.68 (1.27 to 35.07)

0.025

 
Peptostreptococcus spp

3.29 (1.00 to 10.79)

0.05

Vaginal microbiota

–

–

TMP-SMX, trimethoprim-sulfamethoxazole.

TMP-SMX should not directly affect the proportion of
the main vaginal micro-organisms but rather affect the
overall microbes in the vagina, causing reduced microbial
diversity.
Our study had several limitations. First, the study population was small, and other essential risk factors of UTI
may have been missed. Second, the nature of the cross-
sectional study did not allow comparing the vaginal
microbiota patterns among individuals prior to and
after TMP-SMX prophylaxis and prior to and after UTI
events. Third, the results may not apply to active patients
with SLE requiring a higher level of immunosuppressive
therapy. A final limitation was that we lacked patients’
histories of sexual activity. However, this study highlighted
some significant findings as follows. First, vaginal microbiota diversity differs between patients with SLE with
and without UTI. Second, unnecessary use of TMP-SMX
prophylaxis may affect the alpha diversity of the vaginal
microbiota.
In conclusion, UTI in patients with SLE remains a critical infectious complication that can increase patients’
morbidity and mortality. In addition to comprehensively assessing the anatomical abnormalities of the
genitourinary system, prophylactic agents must be carefully prescribed to help maintain a healthy and diverse
vaginal microbiota and help prevent future UTI events.
Further studies on a larger scale and with higher modified SLEDAI-2K scores are encouraged.
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Table 1: Baseline laboratory investigations
Variable

SLE with UTI

SLE without UTI

(N=18)

(N=34)

6792.2 ±2512.1

5895.6 ±2281.0

0.199

ANC: cells/mm3, median (IQR)

3859.0 (2906.0-5841.0)

3364.5 (2314.0-4633.8)

0.269

ALC: cells/mm3, median (IQR)

1602.0 (996.0-2615.0)

1332.5 (941.0-1982.0)

0.453

HbA1C: %, mean ±SD (%)

5.5 ±0.5

6.0 ±1.0

0.536

FBS: mg/dL, mean ±SD

89 ±11.5

94.6 ±22.2

0.512

Cr: mg/dL, median (IQR)

0.7 (0.6-0.9)

0.7 (0.6-0.8)

0.447

36.0 (28.0-49.5)

29.0 (15.8-46.5)

0.387

C3: g/L, mean ±SD

1.1 ±0.2

0.9 ±0.3

0.027

C4: g/L, mean ±SD

0.2 ±0.1

0.2 ±0.1

0.756

33.3 (25.4-69.8)

45.0 (27.8-46.7)

0.906

WBC count: cells/mm3, mean ±SD

ESR: mm/hr, median (IQR)

25-OH-vitamin D: ng/mL, median (IQR)

p-value

SLE: systemic lupus erythematosus, UTI: urinary tract infection, WBC: white blood cell, ANC: absolute
neutrophil count, ALC: absolute lymphocyte count, HbA1C: glycosylated hemoglobin, FBS: fasting
blood glucose, Cr: creatinine, ESR: erythrocyte sedimentation rate, SD: standard deviation, IQR:
interquartile range
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