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Summary

Gut microflora and dysbiosis as an environmental factor has been linked to

the pathogenesis of enthesitis-related arthritis (JIA-ERA); thus, we performed a

proof-of-concept study of probiotics to modulate the gut-flora and study the

effects on immune and clinical parameters of children having JIA-ERA. Forty-

six children with active JIA-ERA were randomized to placebo or probiotic

therapy along with non-steroidal anti-inflammatory drugs (NSAIDs) for 12

weeks. Patients were assessed using a six-point composite disease activity index

(mJSpADA) based on morning stiffness, joint count, enthesitis count,

sacroiliitis/inflammatory back pain, uveitis and erythrocyte sedimentation rate/

C-reactive protein (ESR/CRP). Frequencies of T helper type 1 (Th1), Th2,

Th17 and regulatory T cells in blood were measured using flow cytometry.

Serum cytokines interferon (IFN)-g, interleukin (IL)24, IL-17, IL-10, tumour

necrosis factor (TNF)-a and IL-6 were measured by cytokine bead array using

flow cytometer. The average age of 46 children (44 boys) was 15 6 2.5 years

and duration of disease was 3.5 6 3 years. There was no significant difference

in improvement in mJSpADA between the two groups (P 5 0�16). Serum IL-6

levels showed a decrease (P< 0�05) in the probiotic-group. Th2 cell frequency

(P< 0�05) and serum IL-10 levels (P< 0�01) showed an increase in the

placebo group, but again the probiotic use did not show a significant change

in immune parameters when compared to the placebo. Adverse effects among

the probiotic and placebo groups were diarrhea (36 versus 45%), abdominal

pain (9 versus 20%), minor infections (4�5 versus 20%) and flatulence (23

versus 15%), respectively. Thus, we can conclude that probiotic therapy in JIA-

ERA children is well tolerated, but failed to show any significant immune or

clinical effects over NSAID therapy.
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probiotics

Introduction

Enthesitis-related arthritis (ERA) is a category of juvenile

idiopathic arthritis (JIA), defined under the International

League of Associations for Rheumatology (ILAR) classifica-

tion [1]. It is characterized by enthesitis and lower limb

arthritis. JIA-ERA has clinical similarities to adult spondy-

loarthritis (SpA), although development of radiographic

sacroiliitis and inflammatory back pain occurs late in the

course of disease. The classification of spondyloarthritis in

adults and children is approached differently. Using the

ILAR system of classification, most juvenile SpA is classi-

fied as ERA [2].

The pathogenesis of ERA is unknown, and current evi-

dence indicates that genetic factors such as human leucocyte

antigen (HLA)-B27 renders a person susceptible to the influ-

ence of environmental factors which trigger the disease [3].

Several clinical and laboratory observations have suggested a

role of the gut in the pathogenesis of SpA and JIA-ERA. Asso-

ciations of intestinal inflammation with enteropathic forms of

SpA such as reactive arthritis and inflammatory bowel disease

(IBD) are well established. Subclinical gut inflammation with

increased gut permeability has also been linked to SpA [4,5].

JIA-ERA shows a wide geographical difference with

increased prevalence in Asia, which may be related to
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higher gastrointestinal infections in this region leading to

recurrent gut inflammation and microbiome modulation

[6]. 16S ribosomal-DNA sequencing of stool samples of

patients with ankylosing spondylitis (AS) and JIA-ERA

revealed the differences in gut flora compared to healthy

controls [7,8]. In AS, HLA-B27 has been hypothesized to

shape the gut flora leading to dysbiosis, thus affecting the

immune system [9,10]. Frequent and early antibiotic expo-

sure before diagnosis has been associated with an increased

rate of developing JIA, perhaps mediated through gut flora

modulation [11]. Thus, commensal gut flora and its dys-

biosis influenced by genetic and environmental factors can

contribute to the pathogenesis of JIA-ERA.

Probiotics can lead to immunomodulation via gut

microflora alterations, as shown in the IL-10 knock-out

mouse model (mice model for IBD) and IBD patients with

pouchitis. The administration of probiotics has resulted in

changes of serum cytokine levels favouring an anti-

inflammatory response, an increase in IL-10 and trans-

forming growth factor (TGF)-b and a decrease in tumour

necrosis factor (TNF)-a [12,13]. This translates into a clin-

ical benefit by prevention of pouchitis and maintenance of

remission in ulcerative colitis patients [14,15] and

improvement of abnormal intestinal permeability in IBD

patients [16]. Although there is preclinical evidence of

effect on arthritis by modulation of gut microbiome, a sin-

gle randomized controlled trial in SpA patients did not

show improvement with probiotic therapy. However, pro-

biotic therapy did not cause any adverse effect [14–17].

VSL#3 contains eight different strains, namely Strepto-

coccus thermophilus, Bifidobacterium breve, B. longum, B.

infantis, Lactobacillus acidophilus, L. plantarum, L. paracasei

and L. delbrueckii. B. longus has been shown to improve

immune function in elderly people as well as cause genera-

tion of healthy gut flora in young infants. Both Bifidobacte-

rium and Lactobacilli have been shown to inhibit growth of

pathogenic bacteria [18,19]. Probiotic VSL#3, along with

standard of care, led to a higher rate of remission and fewer

flares in children with ulcerative colitis [20] and also

reduced endoscopic recurrence after surgery in Crohn’s dis-

ease [21]. Based on this evidence, we conducted a proof-of-

concept study of probiotics (VSL#3) to determine their

effect on clinical and immune inflammatory parameters in

JIA-ERA.

Methods

Patients

The study was conducted at the Department of Clinical

Immunology at Sanjay Gandhi Postgraduate Institute of

Medical Sciences, India. Ethical approval was obtained

from the institute’s ethics committee. Written informed

consent was taken from all children and guardians (for

children aged< 18 years) in accordance with the Declara-

tion of Helsinki. Forty-six children meeting the ILAR clas-

sification criteria for JIA-ERA and active disease were

enrolled from May 2013 to January 2015. Active disease

was defined as the presence of arthritis (at least a single

swollen joint) or enthesitis [Maastricht Ankylosing Spon-

dylitis Enthesitis Score (MASES)� 2] with elevated eryth-

rocyte sedimentation rate (ESR)> 30 mm at 1 h. The age

range for inclusion into the study was 6–20 years. Children

with diagnosed IBD, isolated axial disease without periph-

eral arthritis defined as juvenile AS and reactive arthritis

were excluded. Thus, the study cohort included children

with undifferentiated juvenile SpA that also satisfied the

ILAR criteria for ERA. Children exposed to antibiotics,

intra-articular or systemic steroids, any other immunosup-

pressive drugs or symptomatic gastrointestinal infection in

the last 6 weeks were also excluded from the study. They

were advised to avoid curd or commercial probiotic prepa-

rations during the study period.

The trial was registered prospectively (CTRI/2012/08/

002871) at the Clinical Trials Registry of India, an online

public record system for clinical trials registration hosted

by the Indian Council of Medical Research. Children were

randomized to receive either probiotics or placebo for 12

weeks. Both groups were prescribed non-steroidal anti-

inflammatory drugs (NSAIDs), had counselling and were

advised physiotherapy according to need. The NSAIDs and

maximum doses used were naproxen 15 mg/kg/day, indo-

methacin 4 mg/kg/day and etoricoxib 120 mg daily (only

for those aged> 18 years). The dose and duration of the

drug was recorded. An independent clinician using the

variable permuted block randomization method performed

randomization. The treatment allocation was performed

using sequentially numbered sealed opaque containers that

ensured blinding of both patient and assessor during the

study period. The allocation code was revealed only after

the completion of data analysis using the A and B groups

to ensure unbiased statistical analysis.

Study treatment

VSL3 capsules manufactured by Sun Pharmaceuticals

(Mumbai, India) containing eight different strains of 112�5
billion bacterial cells per capsule were given orally twice

daily for 12 weeks as probiotics. Capsules filled with corn

powder were used as placebo, prepared in the department;

care was taken to ensure the same colour, appearance and

texture of both drugs. Children were followed-up at the

end of weeks 6 and 12. The study drug was dispensed as

two sets, one at the time of enrolment and the second at

week 6, in a numbered sealed opaque container having 84

capsules. They were advised to keep the drug in a cool,

moisture-free, dark place, preferably a refrigerator at

2–88C. The remaining drugs and containers were collected

to ensure proper compliance. Toxicity of intervention for

example diarrhoea, constipation, flatulence, bloating,
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vomiting or any other unexpected symptoms or infections

was documented at each visit, along with the clinical

assessment.

Clinical assessment

Efficacy was assessed using clinical parameters such as

patient global improvement (PGI, %), duration of early

morning stiffness (EMS, min), number of swollen joints

(SJC, 66 joint count excluding hip joints), number of ten-

der joints (TJC, 68 joint count), acute anterior uveitis,

enthesitis count (MASES plus documentation of any other

sites involved), presence of clinical sacroiliitis [tenderness

on palpation with positive Patrick’s Flexion, ABduction,

and External Rotation (FABER) test] or inflammatory back

pain (IBP) as per the assessment of the Spondyloarthritis

International Society (ASAS) criteria [22]. In addition,

NSAIDs use was monitored to determine any reduction

with the use of probiotics.

Laboratory tests

Acute-phase proteins, ESR (Westergren method) and

serum C-reactive protein (CRP; nephelometry) were esti-

mated as laboratory markers of disease activity. DNA was

extracted from ethylene diamine tetraacetic acid (EDTA)

blood samples using the salting-out method. The amplifi-

cation refractory mutation system polymerase chain reac-

tion (PCR) was used for human leucocyte antigen (HLA)-

B27 typing applying three B27-specific primers: 1, forward

B1 (50-GCT ACG TGG ACG ACA CGC T-30) and 2, reverse

B2 (50-CTC GGT CAG TCT GTG CCT T-30) and B3 (50-

TCT CGG TAA GTC TGT GCC TT-30). A conserved

intronic region of HLA-DR was also amplified as an inter-

nal control using two primer sets: C1 (50-TGC CAA GTG

GAG CAC CCA A-30) and C2 (50-GCA TCT TGC TCT

GTG CAG AT-30) [23].

Staining of cells for flow cytometry

Venous blood was collected at baseline in tubes containing

lithium heparin (before starting probiotic administration)

and at the end of probiotic treatment (week 12); 500 ml

whole blood was cultured in 500 ml RPMI media supple-

mented with 10% fetal bovine serum (FBS) and 1% antibi-

otic. Cells were stimulated with 50 ng phorbol myristate

acetate (PMA) (Sigma, St Louis, MO, USA) and 1 mg/ml

ionomycin (Sigma). Ten mg/ml brefeldin A (Sigma) was

added as secretion inhibitor. Cells were cultured in an incu-

bator for 6 h at 378C with 5% carbon dioxide followed by

intracellular staining. Samples were acquired using a Beck-

man Coulter (Pasadena, CA, USA) flow machine and ana-

lysed with Navios software.

Cells were surface-stained with anti-CD4 fluorescein iso-

thiocyanate (FITC) and anti-CD3 allophycocyanin (APC).

Anti-interferon (IFN)-g phycoerythrin (PE), anti-IL-17A

peridinin chlorophyll (Per-CP) and anti-interleukin (IL-4)

PE (BD Bioscience, San Jose, CA, USA) were used as intra-

cellular antibodies. CD41IFN-g1 cells, CD41IL-41 cells

and CD41IL-17A1 cells were measured in CD3 gate and

considered as T helper type 1 (Th1), Th2 and Th17,

respectively.

For regulatory T cell (Treg) staining the forkhead box

protein 3 (FoxP3) staining kit (BD Pharmingen, Franklin

Lakes, NJ, USA) was used. Cells were surface-stained with

anti-CD4 FITC and anti-CD25 APC and anti-FoxP3 PE

was used as intracellular antibody. Staining was performed

as per the manufacturer’s instructions. CD251Foxp31 cells

in CD4 gate were considered as Treg cells.

Measurement of cytokine levels

Serum (2�5ml) was separated from the venous blood sam-

ples collected at baseline and week 12 and stored at 2808C.

IFN-g, IL-4, IL-17, IL-10, IL-6 and tumour necrosis factor

(TNF)-a levels were measured using the BD cytometric

bead array (CBA) human Th1/Th2/Th17 cytokine kit (BD

Bioscience) following the instructions given in the manual

using a flow cytometer (BD Canto II). The limits of detec-

tion for IFN-g, IL-4, IL-17, IL-10, IL-6 and TNF-a were

3�7 pg/ml, 4�9 pg/ml, 18�9 pg/ml, 4�5 pg/ml, 2�4 pg/ml and

3�8 pg/ml, respectively. Data were analysed using FCAP

Array software.

Outcome measures

The primary outcome measure was a statistically higher

improvement in modified juvenile spondyloarthropathy

disease activity (mJSpADA) score in the probiotic group

compared to the placebo group. mJSpADA is a six-point

composite disease activity index based on morning stiff-

ness, joint count, enthesitis count, sacroiliitis/inflammatory

back pain, uveitis and ESR/CRP. This score is derived from

a recently validated index (JSpADA) [24]. Each item is

scored as 1, thus the score varied from 0 to 6. Composite

measures avoid problems of multiple comparisons.

The secondary outcome was skewing of immune param-

eters, i.e. T cell subset frequencies and serum cytokine

towards an anti-inflammatory response (decrease in Th1/

Th17 and increase in Th2/Treg, decrease in serum IL-6,

TNF-a, IFN-g, IL-17 and increase in IL-10/IL-4) with pro-

biotic therapy. Additional outcome measures included

improvement from baseline in individual parameters of

disease activity and safety of probiotic use in children.

Statistical analysis

The trial was a proof-of-concept study, so the sample size

was kept small. The sample size of 40 was calculated based

on the following assumptions: 95% confidence interval,

80% power, expected difference in mJSpADA index change

between two groups of 2 and variance of 5, as the score has

a value from 0 to 6. Adding 15% dropout to this calcula-

tion, the final sample size was 46. The data were analysed

Probiotics in ERA
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and projected graphically using IBM SPSS Statistics Soft-

ware, version 16 and GraphPad Prism, version 6�00 for

Mac (trial version; GraphPad Software, San Diego, CA,

USA). The Mann–Whitney U-test was used for intergroup

comparison while Wilcoxon’s signed-rank test was used for

intragroup comparison. P< 0�05 was considered

significant.

Results

Patients

The average age of 46 children (44 boys) at enrolment was

15 6 2�5 years and disease duration was 3�5 6 3 years.

Table 1 shows the baseline characteristics of all the children

and two groups separately. There was no difference

between the groups at baseline; 76% (35) of children had a

disease duration� 5 years and 94% (43) were first visits to

the clinic; 48% (22) had episodic history of arthritis while

others had a chronic progressive course; and 28% (13) had

at least one damaged joint. All children at the time of

enrolment were using suboptimal doses of NSAID therapy.

None had used steroids or other immunosuppressive drugs

during the last 6 weeks. Twenty-two per cent (10) of chil-

dren had a past history of steroid use, 13% (six) had used

methotrexate and 17% (eight) had used sulphasalazine.

They were never treated with biological drugs, for example

anti-TNF therapy.

Compliance

Forty children completed the trial, with the exclusion of six

(13%). One child in the placebo group was excluded due to

a drug-dispensing error (unlabelled box being delivered).

The outline of the trial is shown in Fig. 1. All the containers

were collected at weeks 6 and 12 follow-up visits, respec-

tively. Most of the drug dispensed (84 capsules) was con-

sumed with a pill-count of 83 [interquartile range

(IQR) 5 78–84] and 83 (IQR 5 80–84) at weeks 6 and 12

of follow-up, respectively.

Clinical response and NSAID requirement

All the children were treated with optimal doses of regular

NSAIDs with the probiotic or placebo in the respective

groups. The NSAIDs used were indomethacin (30, 17 in

the placebo group and 13 in the probiotic group), nap-

roxen (6, two in the placebo-group and four in the probi-

otic-group) and etoricoxib (four, all in the probiotic

group). The difference in NSAID use was not different

between two groups [v2 5 2�72; P 5 not significant (n.s.)].

Both groups had a significant clinical response at the end

of the trial (Supporting information, Table S1), but the pri-

mary outcome variable (difference in change in mJSpADA)

between the two groups was not significantly different

(Table 2). At week 6, a change in the NSAID was required

for three children, two in the placebo group and one in the

probiotic group, while a dose increase was required for one

child in each group. There was no reduction in the NSAID

dose requirement after 12 weeks of therapy, the median

percentage dose reduction being 0% (IQR 5 0–20), and

there was also no difference between the groups, placebo

0% (IQR 5 0–12) and probiotic 0% (IQR 5 0–21).

Immune response

Whole blood T cell subsets, for example Th1, Th2, Th17

and Treg frequency, did not show significant changes with

12 weeks of probiotic therapy. There was an increase in

median Th2 cell frequencies from 0�3 to 0�6% in the

placebo-group, which was statistically significant (P<

0�05). Serum cytokine levels, for example IFN-g, IL-4,

Table 1. Baseline characteristics, disease activity and immune param-

eters of the participants.

Placebo group

(n 5 23)

Probiotic group

(n 5 23)

Baseline characteristics

Enrolment age 15 (14–16) 16 (13–19)

Disease duration 3 (1–6) 3 (1�5–5)

Age at onset 11 (10–14) 13 (10–14)

Gender All boys 2 girls

Enthesitis 11 18

HLA-B27-positive 22 21

Past uveitis 3 1

IBP 7 5

Sacroilitis 11 13

Family history 5 5

Disease activity parameters

EMS min 45 (23–60) 30 (0–60)

TJC (68) 3 (2–4�5) 3 (2–5)

SJC (66) 2 (2–3) 2 (2–3)

ESR mm at 1 h 80 (47–95) 80 (40–115)

CRP mg/dl 2�8 (1�4–6) 8 (3–9�5)

mJSpADA-ESR (6) 3�5 (2�5–4�3) 3 (2–4�5)

mJSpADA-CRP (6) 3�5 (2�5–4�8) 3 (2�5–4�5)

Immunological parameters

Th1 (%) 6�5 (3�6–9�2) 6�6 (5–8�8)

Th2 (%) 0�3 (0�1–0�5) 0�6 (0�2–1�1)

Th17 (%) 1�2 (0�8–1�7) 1�5 (0�7–1�7)

Treg (%) 2�7 (1�6–3�7) 2�6 (1�8–3�3)

IL-6 pg/ml 33 (24–122) 53 (17–135)

TNF-a pg/ml 1 (0�4–3�8) 0�9 (0�1–2�3)

IFN-g pg/ml 0 (0–2�2) 0 (0–1�8)

IL-4 pg/ml 0 (0–1�7) 0 (0–0)

IL-17 pg/ml 44 (24–60) 36 (4–57)

IL-10 pg/ml 1�1 (0�7–1�4) 1 (0�6–2�1)

IBP 5 inflammatory back pain; EMS 5 early morning stiffness;

mJSpADA-ESR and mJSpADA-CRP 5 six-point composite disease

activity index using erythrocyte sedimentation rate (ESR) and C-

reactive protein (CRP), respectively; Treg 5 regulatory T cells; Th 5 T

helper; TJC 5 total joint count; SJC 5 swollen joint count;

HLA 5 human leucocyte antigen.
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IL-17, IL-10 and TNF-a, also did not show significant

changes with the probiotic therapy. Serum IL-6 levels

showed a decline from 53 pg/ml (IQR 5 12–15) to 11�4 pg/

ml (IQR 5 6�6–21) with the use of probiotics (P 5 0�007).

The median serum IL-10 level increased in the placebo

group 1 pg/ml (IQR 5 20�6 to 1�9, P 5 0�01) (Supporting

Fig. 1. Flow diagram representing the trial

layout.

Table 2. Comparison of median changes after 12 weeks in clinical and immune parameters between the probiotic and placebo group.

Probiotic group (n 5 21) Placebo group (n 5 19) P-value

Disease activity parameters

mJSpADA-ESR 20�5 (22 to 0) 22 (22�5 to 21) 0�06

mJSpADA-CRP 21 (22�8 to 0) 22 (22�5 to 21�5) 0�16

PGI % 70 (35 to 80) 70 (25 to 90) 0�8
EMS (min) 210 (260 to 5) 230 (260 to 0) 0�6
TJC (0–68) 21 (23�5 to 1�5) 22 (24 to 22) 0�06

SJC (0–66) 21 (22�5 to 21) 22 (23 to 21) 0�15

Enthesitis count 0 (22 to 1�5) 0 (0 to 2) 0�5
ESR mm 215 (261 to 10) 240 (266 to 2) 0�35

CRP mg/dl 23�3 (28�3 to 0) 21�5 (24 to 20�2) 0�36

Immune parameters

Th1% 0�1 (21�9 to 2�5) 0�8 (23�3 to 3�5) 0�7
Th2% 0�2 (20�2 to 0�6) 0�3 (20�1 to 1) 0�5
Th17% 20�07 (20�8 to 0�45) 0�4 (20�4 to 0�8) 0�3
Treg% 0�4 (21�6 to 1�3) 1�1 (20�4 to 1�9) 0�2
IL-6 pg/ml 237 (2102 to 21�7) 29�2 (240 to 16�8) 0�13

TNF-a pg/ml 20�75 (22�3 to 0�5) 0�14 (22�2 to 0�9) 0�5
IFN-g pg/ml 0 (21�2 to 0) 0 (22�4 to 0) 0�5
IL-4 pg/ml 0 (0 to 1) 0 (28�6 to 0�5) 0�3
IL-17 pg/ml 2�8 (226 to 29) 220 (242 to 6) 0�26

IL-10 pg/ml 20�75 (22 to 0�6) 1 (20�6 to 1�9) 0�013*

Values expressed as median with interquartile range, Mann–Whitney U-test used to compare the medians. *P< 0�05. mJSpADA-ESR and

mJSpADA-CRP, six-point composite disease activity index using erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP), respectively;

PGI 5 patient-reported global improvement; EMS 5 early morning stiffness; TJC 5 tender joint count; SJC 5 swollen joint count; Treg 5 regulatory

T cells; IL 5 interleukin; TNF 5 tumour necrosis factor; Th 5 T helper.
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information, Table S1). The difference between increase in

serum IL-10 after treatment was higher in the placebo

group (P 5 0�013) (Table 2).

Adverse effects

Adverse effects in the probiotic and placebo groups were

diarrhoea, abdomen pain, flatulence, constipation, appetite

loss and minor infections; for example, upper respiratory

tract and skin infections. The adverse effects were not

higher in the probiotic group (Table 3). Two patients were

withdrawn due to side effects, one in the placebo group

due to severe diarrhoea and the other in the probiotic

group due to pulmonary tuberculosis.

Discussion

Gut microflora regulates the immune response and is

implicated in various rheumatic diseases, including JIA-

ERA; thus, the use of either prebiotics or probiotics are

attractive therapeutic candidates for methods to modulate

it. This proof-of-concept study failed to show any benefit,

clinical or immunological, of probiotic over the regular use

of NSAIDs in patients with JIA-ERA. The groups had sig-

nificant clinical improvement as well as serum cytokine

level changes in favour of anti-inflammatory milieu; for

example, a fall in IL-6 and a rise in IL-10 and Th2 cells, but

the changes were not different between the groups. Probi-

otic use was safe in the children.

Data on probiotic usage for treating chronic inflamma-

tory disease is limited. Studies in ulcerative colitis showed

modest benefits with reduction in flare rates and better

quality of life [25]. The present work is a proof-of-concept

study, so the number of patients enrolled was small. Simi-

larly, studies in arthritis are limited and also have small

sample sizes [26–29]. In patients with rheumatoid arthritis

(RA), studies with small number of patients showed a

reduction in disease activity with probiotic usage [26,27]

while others failed to show a response [28]. The random-

ized controlled trial in adult SpA also did not show a clini-

cal response with probiotic therapy [17]. Similar

observations were reported in an internet-based random-

ized controlled trial among SpA patients [29]. Together,

these data suggest that the clinical efficacy of probiotics in

autoimmune diseases still needs to be established.

At the outset of the trial, one of our prime concerns was

safety and dose of probiotic use in children. The adverse

effects with the dose of probiotics used in the study were

similar to the placebo group. Most of the studies using pro-

biotics in adults have reported minimal adverse effects,

such as gastrointestinal disturbances [17,25–28,30,31].

The clinical efficacy of probiotics may be due to multiple

mechanisms; for example, increase in epithelial integrity,

competition for nutrients with pathobionts and effects on

systemic immune responses [32]. In addition to clinical

efficacy, we studied the effects of probiotic on systemic

immune parameters, i.e. serum cytokines and relative T cell

subset frequencies in blood. A 12-week probiotic therapy

had no effect on these parameters. Certain anti-

inflammatory changes seen in these parameters were not

specific to the probiotic group, and can be attributed to the

anti-inflammatory effects of NSAID therapy. Most of the

data on T cells have been generated in animals using gut-

associated lymphoid tissue and mesenteric lymph nodes

[33–35]. In animals fed with probiotics, local T cells have

been shown to skew towards Tregs in contrast to Th17 cells

in response to antigens or subdue arthritis by inhibiting

the Th1 response [33–35].

Human data for the effect of probiotics on systemic

immune parameters are limited. In RA patients, daily pro-

biotic supplementation containing L. casei resulted in

decreased serum levels of IL-6, IL-12 and TNF-a and an

increase in IL-10 levels [26], while another study in RA

patients using probiotics containing L. rhamnosus and L.

reuteri showed insignificant changes in serum cytokine lev-

els [28]. Thus, the immune modulation of probiotic might

be limited to the local gut mucosal immunity, with minor

effects reflected on the systemic immune parameters. These

effects may also vary with the strains of bacteria present in

the probiotic used. In humans, and particularly children, it

is ethically challenging to study the effects using local intes-

tinal biopsies and thus the effects on gut immune cells and

cytokines.

One prime reason for the lack of probiotic effect in this

study could be its contents. A recent study addressing dys-

biosis in JIA-ERA reported less abundance of the Faecali-

bacterium prausnitzii and Lachnospiraceae families and

higher abundance of Bifidobacterium and Bacteroides com-

pared to healthy controls [7]. Our own data have shown an

increase in Bacteroides and decrease in Prevotella in patients

with ERA (unpublished work). In contrast, a gut micro-

biome study in RA has shown an increase in Prevotella and

a decrease in Bacteroides species [36]. The study in adult

patients with AS has shown an increase in Lachnospiraceae,

Ruminococcaceae, Rickenellaceae and Bacteroidaceae and a

decrease in Veillonellaceae and Prevotellaceae [37]. The

Table 3. Adverse events in children exposed to therapy.

Adverse effects

Placebo

n 5 20 (%)

Probiotic

n 5 22 (%)

Any adverse event 11 (55) 9 (41)

Serious adverse event* 1 (5) 1 (4�5)

Diarrhea 9 (45) 8 (36)

Flatulence 3 (15) 5 (23)

Abdomen pain 4 (20) 2 (9)

Minor infections 4 (20) 1 (4�5)

Arthritis flare 4 (20) 1 (4�5)

Constipation 2 (10) 0

Appetite loss 2 (10) 1 (4�5)

*Requiring withdrawal of the treatment.
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different studies show different dysbiosis, and thus it is

highly possible that use of the same probiotic content for

all autoimmune diseases may not work. For example, in

Crohn’s disease, probiotics containing Lactobacillus alone

failed to show any clinical benefit while those containing

both Bifidobacterium and Lactobacillus improved the symp-

toms [25,30,31]. It is probable that the use of specific pro-

biotic to correct the dysbiosis in a particular autoimmune

disease may result in clinical efficacy.

There were certain limitations to our study. The children

had an established disease with a median duration of 3�5
years. The duration of probiotic therapy was 12 weeks. A

study by Yatsuneko et al. has shown that gut microflora

takes almost 3 years after birth to evolve towards a stable

configuration [38]. Therefore, it might be difficult to mod-

ulate gut microflora in older children and with short dura-

tion of the therapy. Further use of NSAIDs as a

background drug may have masked the efficacy of probiot-

ics. These drugs are known to have high clinical efficacy in

SpA [39]. NSAID use can also modify gut microflora [40].

Our knowledge regarding dysbiosis and ways to modu-

late dysbiosis and its effect on the immune system in joint

diseases is still limited and evolving. Thus, the present

study in the light of its limitations cannot completely refute

the clinical efficacy of probiotics.
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