
952 The Journal of Rheumatology 2019; 46:8; doi:10.3899/jrheum.180829

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2019. All rights reserved.

Intraarticular Glucocorticoid Injection as Second-line
Treatment for Lyme Arthritis in Children
Daniel B. Horton, Alysha J. Taxter, Amy L. Davidow, Brandt P. Groh, David D. Sherry, 
and Carlos D. Rose

ABSTRACT. Objective. To determine whether second-line intraarticular glucocorticoid (IAGC) injection improves
outcomes in children with persistently active Lyme arthritis after initial antibiotics.
Methods.We conducted an observational comparative effectiveness study through chart review within
3 pediatric rheumatology centers with distinct clinical approaches to second-line treatment of Lyme
arthritis. We primarily compared children receiving second-line IAGC to children receiving a second
course of antibiotics alone. We evaluated the risk of developing antibiotic-refractory Lyme arthritis
(ARLA) using logistic regression and the time to clinical resolution of Lyme arthritis using Cox
regression.
Results. Of 112 children with persistently active Lyme arthritis after first-line antibiotics, 18 children
received second-line IAGC (13 with concomitant oral antibiotics). Compared to children receiving
second-line oral antibiotics alone, children treated with IAGC had similar baseline characteristics but
lower rates of ARLA (17% vs 44%; OR 0.3, 95% CI 0.1–0.95; p = 0.04) and faster rates of clinical
resolution (HR 2.2, 95% CI 1.2–3.9; p = 0.01). Children in IAGC and oral antibiotic cohorts did not
differ in treatment-associated adverse events. Among children receiving second-line IAGC, outcomes
appeared similar irrespective of use of concomitant antibiotics. Outcomes were also similar between
intravenous (IV) and oral antibiotic-treated cohorts, but older children seemed to respond more
favorably to IV therapy. IV antibiotics were also associated with higher rates of toxicity.
Conclusion. IAGC injection appears to be an effective and safe second-line strategy for persistent
Lyme arthritis in children, associated with rapid clinical resolution and reduced need for additional
treatment. (First Release June 1 2019; J Rheumatol 2019;46:952–9; doi:10.3899/jrheum.180829)
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Lyme disease is the most common vector-borne illness in the
United States and Europe, with rising incidence and expanding
geographic distribution in some areas1,2,3. Lyme arthritis repre-
sents a late infectious complication, most commonly affecting
the knee, caused by direct dissemination of spirochetes to the
synovium and resultant synovitis4,5,6. While early stages of
Lyme disease are generally cured with a single course of antibi-
otics, 10–30% of those with Lyme arthritis do not experience
clinical resolution after a single course of antibiotics7,8. Unlike
first-line treatment of Lyme arthritis, second-line regimens
endorsed by current treatment guidelines are not supported by
randomized trials or other high-quality evidence but instead
reflect clinical experience and expert opinion9,10.
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    Intraarticular glucocorticoids (IAGC) have been described
as a treatment for antibiotic refractory Lyme arthritis (ARLA),
a postinfectious inflammatory condition11,12. However,
premature IAGC injection that precedes initial antibiotic
therapy has been reported as a potential risk factor for the
development of ARLA in children and adults11,13. This risk is
attributed to impairment of the body’s response to infection
due to local immune suppression within an infected joint.
Some centers have used IAGC as a standard component of
second-line treatment for patients who do not respond to a first
course of antibiotics. We sought to exploit real-world variation
in clinical practice to determine whether IAGC with or without
second-line antibiotic therapy hastens the resolution of Lyme
arthritis and prevents the development of ARLA in children.

MATERIALS AND METHODS
Design. We conducted a retrospective cohort study within a larger cohort of
children diagnosed with Lyme arthritis. 
Setting. Participants were seen in 1 of 3 pediatric rheumatology clinics
[Children’s Hospital of Philadelphia (CHOP), Nemours/A.I. duPont Hospital
for Children, and Penn State Hershey Children’s Hospital] serving children
from 4 Lyme-endemic US states (Delaware, New Jersey, Maryland, and
Pennsylvania). In 1 center, second-line IAGC was the standard treatment for
Lyme arthritis persisting after a single antibiotic course. Our study was
approved by the Institutional Review Boards of the participating centers
(CHOP IRB 14-010818, Nemours #598679, Hershey STUDY00000431)
and Rutgers University (PRO Pro20170002088) with a waiver of
consent/assent for this minimal-risk retrospective research.
Study population. The study included children diagnosed with Lyme arthritis
at age ≤ 18 years, seen between January 1, 2000, and December 31, 2013,
who received second-line therapy for persistently active Lyme arthritis
within 120 days of starting first-line antibiotics. We defined active arthritis
on examination as documentation by a physician of joint effusion or 2 other
inflammatory signs (warmth, tenderness, restricted or painful range of
motion). Initiation of second-line treatment beyond the 120-day window was
atypical in the 3 centers and due to reasons unrelated to second-line treatment
selection (e.g., inconsistent followup, recurrent arthritis); therefore, we
excluded patients with such delays in treatment to represent usual care. We
screened for participants in electronic health records (EHR) based on a
diagnosis of Lyme disease (International Classification of Diseases, 9th
revision, Clinical Modification code 088.81) and reviewed records to
confirm Lyme arthritis diagnosis using these criteria: (1) documented
positive Lyme testing with ≥ 5 IgG bands on Western blot performed with
standard methods; (2) documented arthritis by physical examination or
arthrocentesis; and (3) exclusion of other causes of arthritis. Physicians at
participating centers routinely diagnosed children with Lyme arthritis despite
the occasional omission of Lyme screening by ELISA as recommended by
guidelines9,10. Children with missing Lyme ELISA results (n = 22) were
excluded from sensitivity analyses (see statistical analysis).
Definitions of exposure. The primary exposure group of interest received
second-line IAGC with or without concomitant antibiotics [referred to herein
as C (cohort)-GC]. Primary comparators received a second course of oral
antibiotics without accompanying IAGC (C-PO). Secondarily, we compared
children receiving second-line intravenous (IV) antibiotics (C-IV) to C-PO.
To compare the experimental use of second-line IAGC with accepted clinical
practices, we required children in C-PO and C-IV to receive guide-
line-compatible treatments, with ≥ 8 weeks of oral antibiotics (doxycycline,
amoxicillin, or cefuroxime) or ≥ 2 weeks of IV antibiotics (ceftriaxone or
cefotaxime)9,10 and the second course beginning within 120 days of
antibiotic initiation. We required children in C-GC to receive ≥ 4 weeks of
oral antibiotics.

Outcomes. The primary outcome was development of ARLA, defined as
documentation of persistently active Lyme arthritis ≥ 2 months after
completing ≥ 8 weeks of oral antibiotics (amoxicillin, doxycycline, or
cefuroxime) or ≥ 2 weeks of IV antibiotics (ceftriaxone or cefotaxime); if
performed, Lyme PCR testing of synovial fluid was negative9. Among
children in C-GC without a second course of antibiotics, we also classified
as ARLA having persistently active arthritis ≥ 3 months after second-line
IAGC. Sensitivity analyses considered a secondary outcome of persistently
active arthritis for ≥ 6 months after initiating first-line antibiotics. We defined
clinical resolution as having all symptoms resolved and no more than a small
joint effusion. Small, asymptomatic effusions were deemed compatible with
clinical resolution because (1) joint swelling from Lyme arthritis can
dissipate slowly after eradication of infection, and (2) physicians in all 3
centers routinely stopped treating and following patients in this clinical state.
Covariates. We considered a range of potential confounders that might
independently relate to treatment selection and risk of ARLA, including
demographics, clinical presentation, and course before second-line treatment,
and initial treatment (Table 1)14. We characterized trajectory of disease
activity based on whether there was improvement, worsening, or no change
in clinical condition (i.e., symptoms or signs of arthritis) leading up to
second-line treatment. We defined marked clinical worsening as having
newly developed a massive effusion, popliteal cyst rupture, or symptomatic
joint recruitment after antibiotic initiation.
Data collection. We abstracted data from EHR using standardized forms on
Research Electronic Data Capture tools hosted at Nemours15. Data collection
was performed by attending pediatric rheumatologists, pediatric rheuma-
tology fellows with ≥ 1 year of clinical training, or trained research staff;
supervising physicians reviewed charts abstracted by nonclinical research
staff to confirm accuracy. Inconsistent data triggered additional EHR review
and data revision.
Statistical analysis. We described cohorts using standard descriptive
statistics. The primary analysis used logistic regression to estimate the
association between second-line treatment and ARLA. Multivariable models
incorporated confounding variables that changed the OR between C-GC and
C-PO by ≥ 10%. Secondary analyses examined the association between
second-line treatment and time to clinical resolution using Cox proportional
hazards regression, adjusting for confounders. We examined the possibility
of effect modification by age (< 10 vs ≥ 10 yrs) and considered p < 0.1 by
likelihood ratio testing of nested models suggestive of a significant inter-
action. Sensitivity analysis considered (1) additional, nonconfounding
covariates in multivariable models, (2) alternate outcome definition, (3)
exclusion for lack of Lyme antibody screening, (4) exclusion for IAGC
without 2nd-line antibiotics, (5) exclusion of children who received
second-line treatment within 4 weeks of starting first-line treatment, 
(6) exclusion of children who received second-line treatment within 8 weeks
of starting first-line treatment, (7) exclusion of children lost to followup
(logistic regression), (8) imputation of date of resolution among those lost
to followup to estimate ARLA status (logistic regression), (9) worst-case
imputation, where loss to followup was interpreted as treatment failure
(logistic regression), or (10) analysis of time to resolution starting with
second-line therapy (Cox regression). We considered variables with missing
data such as arthritis duration to be missing at random, given their associ-
ation with clinical center, outcome, and other variables14. We therefore used
multiple imputation with 20 imputed data sets for missing data16. 
      We used Stata version 12.1 (StataCorp.) for all analyses and considered
2-sided p values < 0.05 significant.

RESULTS
Of 383 individuals with confirmed Lyme arthritis in the
original cohort, we identified 112 eligible individuals who
received second-line treatment for persistently active Lyme
arthritis within 120 days (Figure 1). All IAGC in C-GC
involved the knee (both knees in 1 subject). Children in C-GC
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did not significantly differ from children in C-PO in any
measured baseline characteristics, including age, duration of
joint symptom at diagnosis, pattern of joint disease, and trend
of disease activity at initiation of second-line treatment,
reflecting the use of second-line IAGC based on physician
preferences rather than clinical features (Table 1). Of 18
children in C-GC, 13 (72%) also received second-line oral
antibiotics (Table 2). Compared with children in C-PO,
children in C-IV were more likely to have early clinical
worsening (65% vs 29%, p < 0.01) and marked clinical
worsening (39% vs 14%, p = 0.01) on initial antibiotic
therapy. As a result, children in C-IV more commonly started
second-line treatment sooner after initial antibiotics [median
35 days (interquartile range; IQR 21–53) vs median 45 days
(IQR 33–63), p = 0.01; Table 1 and Table 2].
    Overall, 43/112 (38%) children treated with second-line
therapy developed ARLA. Only 17% (3/18) in C-GC were
diagnosed with ARLA compared with 44% (28/63) in C-PO
(Table 3), translating into an OR for ARLA of 0.3 (95% CI
0.1–0.95, p = 0.04). Rates of ARLA in C-GC were similar
among those who did and did not receive a concomitant
course of oral antibiotics [2/13 (15%) and 1/5 (20%), respec-

tively]. Compared to C-PO, a similar proportion of those in
C-IV (12/31, 39%) developed ARLA (OR 0.8, 95% CI
0.3–1.9; p = 0.60). A time-to-event analysis showed that
children in C-GC experienced resolution of arthritis at over
twice the rate as children in C-PO (HR 2.2, 95% CI 1.2–3.9;
p = 0.01; Figure 2). Rates of resolution did not significantly
differ between C-IV and C-PO (HR 1.3, 95% CI 0.8–2.1; 
p = 0.30). Inclusion of additional covariates in multivariable
models did not appreciably change the results (i.e., there was
no evidence of confounding) except for modest changes in
the estimates for C-IV when modeling the trend of disease
activity at second-line treatment initiation (Supplementary
Tables 1 and 2, available with the online version of this
article). 
    The median time from IAGC to documented resolution of
Lyme arthritis was 43 days (IQR 35–80), corresponding to
one center’s standard 6-week followup after IAGC. In
contrast, the median time to resolution after second-course
oral antibiotics alone was 149 days (IQR 65–285); after IV
antibiotics, 83 days (IQR 48–262; Table 3, Figure 3). Only 1
child (6%) and 2 children (11%) in C-GC received sub-
sequent IAGC or third-line antibiotic treatment, respectively.
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Table 1. Characteristics of subjects in study.

Characteristics                                                      C-PO, n = 63                C-GC, n = 18             p, C-GC vs C-POa             C-IV, n = 31             p, C-IV vs C-POa

Age, yrs, median (IQR; range)                           11 (9–14; 2–16)            11 (8–15; 3–17)                      0.64b                      12 (10–14; 5–17)                   0.78b
Male sex                                                                    45 (71)                          11 (61)                             0.40                         17 (55)                            0.11
Days of continuous joint symptoms at diagnosis    10 (5–30)                       5 (3–28)                            0.41b                              14 (7–28)                         0.56b
Continuous joint symptoms at presentation                                                                                                                                                                       
      ≥ 6 weeks                                                             9 (14)                            2 (11)                              0.60c                                  3 (10)                            0.31c
      Unknown                                                            18 (29)                           3 (17)                                                               5 (16)                                
> 1 joint involved                                                       6 (10)                            4 (22)                              0.22c                                  5 (16)                            0.50c
Non-knee joint involved                                             6 (10)                            2 (11)                              0.99c                                   2 (6)                             0.99c
Severe arthritisd                                                        22 (35)                           8 (44)                              0.46                         11 (35)                            0.96
Premature IAGC                                                          1 (2)                              1 (6)                               0.40c                                       0                                0.99c
HLA-B27–positive                                                      3 (5)                                0                                 0.42c                                   1 (3)                             0.56c
      HLA-B27 missing                                               48 (76)                          12 (67)                                                             27 (87)                               
Dose of first antibiotic course                                                                                                                                                                                            
      Correct per guidelines6,7                                                 47 (75)                          13 (72)                             0.34c                                24 (77)                           0.99c
      Dose unknown                                                    10 (16)                           5 (28)                                                               5 (16)                                
Trajectory of disease activity at initiation of second-line treatment e                                                                                                                                      
      Improving                                                           24 (38)                          10 (56)                             0.44c                                  6 (19)                           < 0.01
      No change                                                           21 (33)                           5 (28)                                                               5 (16)                                
      Worsening                                                           18 (29)                           3 (17)                                                              20 (65)                               
Marked clinical worsening ≤ 6 weeks after 
      antibiotic initiationf                                             9 (14)                               0                                 0.20c                                12 (39)                            0.01
Days of followup from diagnosis to final 
      rheumatology clinic visit                              263 (155–580)               102 (74–232)                      < 0.01b                      264 (101–772)                      0.62
Days of followup from diagnosis to final 
      encounter in EHR                                        449 (200–1026)            331 (100–1060)                      0.40                  309 (101–1084)                     0.35

Values are median (IQR) or n (%) unless otherwise specified. a P value calculated from chi-square testing except where indicated. b P value calculated from
Wilcoxon rank-sum testing. c P value calculated from Fisher’s exact test. d Unexplained fever, severe pain, hospitalization for severe pain, or measured sedimen-
tation rate ≥ 40 mm/h. e Early improvement with subsequent worsening by the time of second-line treatment was characterized as worsening; early worsening
with subsequent improvement by the time of second-line treatment was characterized as improving; no change indicated no change in clinical activity (i.e.,
extent of synovitis) from the time of first-line treatment to second-line treatment. f Massive effusion, popliteal cyst rupture, or symptomatic joint recruitment
after antibiotic initiation. C-GC: intraarticular glucocorticoid cohort; C-IV: intravenous antibiotics cohort; C-PO: oral antibiotics cohort; EHR: electronic health
record; IAGC: intraarticular glucocorticoid; IQR: interquartile range.
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Rates of subsequent IAGC treatment for ARLA were higher
in C-PO (46%, p < 0.01) and C-IV (26%, p = 0.04 vs oral
antibiotics). The 1 child in C-GC without second-line anti-
biotics who developed ARLA had received a premature
IAGC before antibiotic initiation; among those without
concomitant second-line antibiotics, this child was the only
one who required subsequent antibiotics (oral followed by
IV) or had a documented recurrence of arthritis after
treatment.
    We performed several analyses to better understand
potential modifiers of treatment outcomes. When evaluating

whether age modified the effect of IAGC, we found no differ-
ences in the risk of ARLA or rate of arthritis resolution
between children under 10 years and children 10 years and
older (Supplementary Table 3, available with the online
version of this article). In contrast, age appeared to substan-
tially modify the effects of IV antibiotics: children < 10 years
in C-IV appeared to have a high risk of developing ARLA
(5/6, 83%) and slower rates of resolution [median 315 (IQR
148–525) days] compared to children ≥ 10 years [ARLA
7/25, 28%; median days to resolution 63 (IQR 48–114)].
Multivariable modeling suggested a significant treatment/age
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Figure 1. Subject selection diagram. Of 383 children with documented Lyme arthritis, 112
met inclusion criteria by beginning second-line treatment for persistent arthritis within 120
days after starting first-line antibiotics, of whom 18 individuals (16%) received second-line
IAGC injection. IAGC: intraarticular glucocorticoid; WB: Western blot; IgG: immuno-
globulin G.

Table 2. Characteristics of second-line treatments.

Characteristics                                                      C-PO, n = 63               C-GC, n = 18         p, C-GC vs C-POa               C-IV, n = 31             p, C-IV vs C-POa

Second-line antibiotics, n (%)                                                                                                                                                                                         
    Doxycycline                                                          49 (78)                         9 (50) c                              < 0.01 b                                       0                              < 0.01 b
    Amoxicillin                                                            12 (19)                          3 (17)                                                                 0                                    
    Cefuroxime                                                              2 (3)                             1 (6)                                                                  0                                    
    Ceftriaxone                                                                 0                                   0                                                               31 (100)                              
    None                                                                           0                               5 (28)                                                                 0                                    
Days after first antibiotic course until start of second-line treatment, 
    median (IQR)                                                     45 (33–63)                   45 (33–76)                     0.88 d                              35 (21–53)                        0.01 d
NSAID use with second-line therapy, n (%)             17 (27)                           1 (6)                          0.06 b                                  12 (39)                            0.25
Positive synovial Lyme PCR test before second-line treatment, 
    n positive/tested                                                        0/2                                0/0                               –                                 2/4                                 –

a P value calculated from chi-square testing except where indicated. b P value calculated from Fisher’s exact test. c Sum of percentages exceeds 100% because
of rounding. d P value calculated from Wilcoxon rank-sum testing. C-GC: intraarticular glucocorticoid cohort; C-IV: intravenous antibiotics cohort; C-PO: oral
antibiotics cohort; IQR: interquartile range; NSAID: nonsteroidal antiinflammatory drug.
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interaction (p = 0.05 for ARLA risk, p = 0.003 for time to
resolution) even though, given the small numbers in each age
subgroup, the CI included the null for most age-stratified
models (Supplementary Table 3). When focusing just on
C-IV, we found few significant demographic or baseline
clinical differences between children who did and did not

respond to second-line ceftriaxone, except that responders
appeared to have shorter duration of symptoms at diagnosis
(p = 0.01; Supplementary Table 4). Additionally, aside from
possible age-related differences within C-IV, children who
responded to IV ceftriaxone appeared more likely to have
marked worsening on initial treatment (60% vs 23%, p = 0.1).
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Table 3. Outcomes of interest by cohort.

Outcomes                                                              C-PO, n = 63              C-GC, n = 18           p, C-GC vs C-POa             C-IV, n = 31             p, C-IV vs C-POa

Development of ARLA                                              28 (44)                         3 (17)                             0.03                          12 (39)                            0.60
Days from second-line antibiotic initiation to 
      resolution of arthritis                                       149 (65–285)                43 (35–80)                      < 0.01b                          83 (48–262)                       0.09b
Persistent arthritis at 6 mos                                        25 (40)                         3 (17)                             0.07                           9 (29)                             0.31
No. subsequent clinic visits                                       3 (2–5)                        1 (1–2)                         < 0.01b                               2 (1–5)                           0.34b
Subsequent antibiotic treatment                                 17 (27)                          2 (11)                            0.22c                                    1 (3)                            < 0.01
Subsequent IAGC                                                                                                                                                                                                            
      1 IAGC                                                                 22 (35)                             0                              < 0.01c                                3 (10)                            0.04c
      2 IAGC                                                                  6 (10)                           1 (6)                                                               3 (10)                                
      ≥ 3 IAGC                                                               2 (3)                               0                                                                   2 (6)                                 
Subsequent DMARD use                                             5 (8)                               0                                0.58c                                    2 (7)                             0.99c
Subsequent synovectomy                                             4 (6)                            1 (6)                             0.99c                                    1 (3)                             0.99c
Lost to followup                                                         10 (16)                         3 (17)                            0.99c                                   8 (27)                             0.25
Lost to followup before ARLA determination             3 (5)                           3 (17)                            0.12c                                   5 (16)                            0.11c

Values are n (%) or median (IQR). a P value calculated from chi-square testing except where indicated. b P value calculated from Wilcoxon rank-sum testing.
c P value calculated from Fisher’s exact test. ARLA: antibiotic-refractory Lyme arthritis; C-GC: intraarticular glucocorticoid cohort; C-IV: intravenous antibiotics
cohort; C-PO: oral antibiotics cohort; IAGC: intraarticular glucocorticoid; IQR: interquartile range; DMARD: disease-modifying antirheumatic drug.

Figure 2. Kaplan-Meier cumulative incidence curves of resolution of Lyme arthritis after initiating first-line
antibiotics. Cumulative incidence plots showing resolution of Lyme arthritis over the first 2 years of
followup by cohort: C-PO (black, long dash line), C-GC (dark grey, solid line), or C-IV (light grey, short
dash line). Log-rank tests are shown comparing either C-GC or C-IV antibiotics to C-PO. C-GC: intra-
articular glucocorticoid cohort; C-IV: intravenous antibiotics cohort; C-PO: oral antibiotics cohort.
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In another analysis limited to the first 6 months of treatment,
C-IV was associated with a faster rate of resolution than 
C-PO (HR 1.9, 95% CI 1.00–3.4; p = 0.05).
    C-GC did not differ from C-PO in recorded treat-
ment-associated adverse events [1/18 (6%) vs 6/63 (10%); 
p = 0.99]. In contrast, C-IV experienced a significantly higher
prevalence of adverse events [9/31 (29%); p = 0.03 vs oral
antibiotics], most commonly rash (13% vs 3% in C-PO; 6%
in C-GC), headache (6% vs 2% in C-PO; 0% in C-GC), fever,
and mechanical IV problems (both 6% vs 0% in the other
groups). 

DISCUSSION
In an observational study of 3 pediatric rheumatology referral
centers in a Lyme-endemic region in the United States, we
found that second-line IAGC injection, given with or without
a concomitant 4-week course of antibiotics, corresponded to
a substantially decreased incidence of ARLA and more rapid
resolution of arthritis than second-line oral antibiotics alone.
These findings were consistent across multiple sensitivity
analyses, although some analyses did not reach traditional
levels of significance. Documented adverse effects from
IAGC (not including procedural pain or bleeding) were
similar in frequency to those from oral antibiotics alone and
less frequent than adverse effects from IV antibiotics. These
findings suggest that IAGC, perhaps in combination with a
second course of oral antibiotics, is a potentially effective

strategy for second-line treatment. This novel treatment
strategy deserves replication and validation in other settings.
    While initial therapy for Lyme arthritis has long been
supported by clinical trials7,8,17, no trials have compared
second-line treatments for Lyme arthritis. Thus, the recom-
mendations for second-line treatment in current US treatment
guidelines reflect clinical experience and expert guidance.
Not surprisingly, clinical practices for second-line treatment
are variable. Our study took advantage of this natural practice
variation to identify a clinical approach that might lead to
more favorable outcomes. While observational comparative
effectiveness studies are often fraught with confounding by
indication or disease severity, exceptions exist when
treatment selection is made based purely on clinical prefer-
ences and independent of disease severity18. This latter
situation appears to have been true in the centers studied, at
least with the comparison of IAGC and oral antibiotics alone:
there were no measured clinical differences between cohorts
except in the use of concomitant treatment (nonsteroidal
antiinflammatory drugs were more common for patients who
did not receive IAGC). In contrast, children receiving IV
antibiotics often had more severe or refractory Lyme arthritis
than the other 2 cohorts, making a direct comparison with
second-line oral antibiotics more challenging. Compared to
oral antibiotics alone, second-line IV antibiotic treatment
corresponded to a similar incidence of ARLA. A subset of
patients receiving IV therapy may have responded more
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Figure 3. Timeline of outcomes among study subjects. Box plots showing, by treatment cohort, the timing
from second-line treatment to the resolution of arthritis or the last visit (for those lost to followup). Boxes
indicate the median (central bar), 25th, and 75th percentiles of values, with adjacent values shown with
whiskers, and outliers shown as circles. C-GC: intraarticular glucocorticoid cohort; C-IV: intravenous anti-
biotics cohort; C-PO: oral antibiotics cohort. 
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quickly than those taking oral antibiotics despite comprising
a population with more severe Lyme arthritis. Analyses
suggested that those more likely to respond to IV antibiotics
may be older children and adolescents, children with shorter
duration of joint symptoms before diagnosis, and those with
marked worsening (e.g., new joint recruitment) on initial oral
antibiotic therapy — hypotheses that bear replication in other
settings.
    Prior studies have suggested that IAGC preceding the start
of antibiotic therapy for Lyme arthritis may predispose
patients to ARLA11,13. One explanation for this finding is that
GC deposited into an infected joint could compromise the
immune response that accompanies antibiotic treatment in
eradicating intraarticular spirochetes. However, this associ-
ation between premature IAGC and ARLA has not been
shown to be causal and in fact could represent confounding
by indication: cases of Lyme arthritis that are inherently more
refractory to treatment could also be more likely to receive
aggressive treatment before diagnosis with Lyme borreliosis.
ARLA itself is thought to represent a postinfectious
autoimmune condition19–24, a disorder of immune dysregu-
lation25, or an aberrant immune reaction to persistent spiro-
chetal antigens within the joint26,27. Consistent with the
inflammatory features of these purported mechanisms, IAGC
injections have been reported as treatments for adults and
children with ARLA11,12. Our findings suggest that IAGC,
perhaps in conjunction with antibiotics, may also have a
therapeutic role earlier in the disease course.
    While the use of IAGC as second-line therapy for Lyme
arthritis may prevent future treatment and promote more
rapid resolution of arthritis, it is not a strategy without risk.
The procedural risks of IAGC in children are well known28.
Some patients with Lyme arthritis may respond to a second
course of antibiotics alone, and concomitant IAGC may
subject them to an unnecessary procedure. In our study, no
patient who received second-line IAGC was tested for
intraarticular borrelial DNA by PCR. While synovial fluid
PCR may be an unreliable marker of active infection in
treated patients29, second-line IAGC without accompanying
antibiotics could theoretically risk prolonged infection in the
presence of live, persisting spirochetes. Lyme arthritis does
not usually cause permanent joint damage in children and can
self-resolve, even if untreated symptoms can persist for
years30,31. In practice, patients with ARLA may receive a
variety of treatments, including (repeated) IAGC injections,
disease-modifying drugs, or synovectomy11. If early IAGC
injection can make additional therapy unnecessary, this
approach could benefit patients and avoid further treat-
ment-related harms. 
    This study had several strengths. We identified a poten-
tially effective, novel approach to managing Lyme arthritis
refractory to initial treatment. The magnitude of effects seen
with second-line IAGC injections was robust to a variety of
different assumptions and modeling conditions in sensitivity

analyses. This study was performed in several pediatric
referral centers with extensive experience and variable
approaches in treating Lyme arthritis. 
    Our study also had certain limitations. The number of
children treated with second-line IAGC was relatively small;
our findings — particularly outcomes after second-line IAGC
without concomitant antibiotics — should not be considered
definitive without replication. It is also unclear whether
second-line IAGC might be effective or safe for adults, who
are susceptible to more severe, erosive forms of Lyme
arthritis32. We found no evidence that IAGC were more or
less effective based on the age of the child, though our study
was not powered to examine this question. This study’s
referral setting also raises questions about generalizability.
However, one cannot expect most general pediatricians to
perform IAGC injections, and our findings might argue for
earlier specialty referral for children with Lyme arthritis
persisting after one antibiotic course. This was an observa-
tional study, and it is possible that unmeasured factors related
to treatment selection and outcome could explain our results.
Nonetheless, the interventional (IAGC) approach related
mainly to center of care and physicians’ preferences, not
measured clinical characteristics. As an observational study,
we lack longterm data on patients discharged from clinical
followup with either small or no effusions and cannot rule
out recurrences in some individuals. Notably, several
individuals in each group lacked information on the date of
resolution. Assuming that all patients lost to followup had
poor outcomes (i.e., ARLA) did not substantively alter our
findings. Such an assumption is also probably too strong:
Children with a history of arthritis may be more likely not to
return to the clinic if they are in remission33, particularly after
a potentially curative intervention. 
    Second-line IAGC injection appears to be an effective and
safe second-line strategy for persistent Lyme arthritis in
children, associated with rapid resolution of symptoms and
reduced need for further treatment. Questions remain
regarding the role of concomitant antibiotic therapy and the
generalizability of these findings, particularly in adult popula-
tions. Further research is needed to confirm the effectiveness
and safety of this therapeutic approach.
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