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Pediatric Antibiotic-refractory Lyme Arthritis: 
A Multicenter Case-control Study
Daniel B. Horton, Alysha J. Taxter, Amy L. Davidow, Brandt Groh, David D. Sherry, 
and Carlos D. Rose

ABSTRACT.   Objective. Few factors have consistently been linked to antibiotic-refractory Lyme arthritis (ARLA).
We sought to identify clinical and treatment factors associated with pediatric ARLA.

                        Methods. We performed a case-control study in 3 pediatric rheumatology clinics in a Lyme-endemic
region (2000–2013). Eligible children were aged ≤ 18 years with arthritis and had positive testing
for Lyme disease by Western blot. Cases were 49 children with persistently active arthritis despite 
≥ 8 weeks of oral antibiotics or ≥ 2 weeks of parenteral antibiotics; controls were 188 children whose
arthritis resolved within 3 months of starting antibiotics. We compared preselected demographic,
clinical, and treatment factors between groups using logistic regression.

                        Results. Characteristics positively associated with ARLA were age ≥ 10 years, prolonged arthritis at
diagnosis, knee-only arthritis, and worsening after starting antibiotics. In contrast, children with fever,
severe pain, or other signs of systemic inflammation were more likely to respond quickly to treatment.
Secondarily, low-dose amoxicillin and treatment nonadherence were also linked to higher risk of
ARLA. Greater antibiotic use for children with ARLA was accompanied by higher rates of treat-
ment-associated adverse events (37% vs 15%) and resultant hospitalization (6% vs 1%).

                        Conclusion. Older children and those with prolonged arthritis, arthritis limited to the knees, or poor
initial response to antibiotics are more likely to have antibiotic-refractory disease and treat-
ment-associated toxicity. Children with severe symptoms of systemic inflammation have more
favorable outcomes. For children with persistently active Lyme arthritis after 2 antibiotic courses,
pediatricians should consider starting antiinflammatory treatment and referring to a pediatric rheuma-
tologist. (First Release March 1 2019; J Rheumatol 2019;46:943–51; doi:10.3899/jrheum.180775)
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Lyme disease (LD) is the most common vector-borne disease
in the United States and Europe, and its incidence is rising1.
After erythema migrans, arthritis is the second most common
LD-specific manifestation and the predominant feature of
late-disseminated disease1,2. The Infectious Disease Society
of America (IDSA) and the American Academy of Pediatrics
recommend treatment of Lyme arthritis (LA) with up to 8
weeks of oral antibiotics or 2–4 weeks of intravenous (IV)
antibiotics3,4. Most people with LA experience resolution
after antibiotics, but about 10% continue to have arthritis
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despite adequate antibiotic treatment — a condition known
as antibiotic-refractory LA (ARLA)5. The underlying patho-
physiology of ARLA remains unclear, but this condition
likely results from a combination of microbial and
host-specific factors5.
    Many studies have investigated factors associated with
ARLA, yielding few consistent findings. In a predominantly
adult cohort with LA, age and other demographics,
symptoms, joint counts, and disease duration were not
associated with antibiotic response5. Pediatric studies have
linked variable findings to ARLA, including female sex6,
higher Lyme Western blot band count6, high platelet count7,
development of arthritis in additional joints after starting
antibiotics8, and the presence of inflammatory back pain or
enthesitis8. However, these findings have not been replicated.
Several pediatric studies have suggested that older children
might be more likely to have ARLA6,7,8; however, this
finding did not reach statistical significance in some studies7,8
and was not identified in others9,10. In both children and
adults, one feature implicated in ARLA is intraarticular
glucocorticoid (IAGC) injection before antibiotic initiation,
possibly by impairing early host immune defense5,11.
    Refractory post-LD symptoms sometimes lead to
prolonged antibiotic treatment, an approach that has not been
proven efficacious for cognitive symptoms12,13 or LA14. This
lack of efficacy along with the risks of prolonged antibiotics
are strong incentives to limit the duration of antibiotic
treatment for ARLA. Further, several antiinflammatory and
antirheumatic agents prescribed by rheumatologists may be
used to treat ARLA5,6,7,10. To better understand the patho-
physiology of ARLA, promote judicious antibiotic usage for
LA, and ensure timely referral to specialists, we sought to
identify characteristics of individuals least and most likely to
respond to guideline-compatible treatment. Given the lack of
replicability of prior exploratory research and the risks of
false-positive findings in such studies, we identified 13
potential explanatory demographic and clinical variables
suspected a priori to be related to the development of ARLA
in children (Supplementary Table 1, available with the online
version of this article).

MATERIALS AND METHODS
Study design and setting. We performed a case-control study of children with
LA from 3 pediatric rheumatology referral centers [Children’s Hospital of
Philadelphia (CHOP), Nemours/A.I. duPont Hospital for Children, and Penn
State Hershey Children’s Hospital] that routinely see children from 4
Lyme-endemic states (Pennsylvania, New Jersey, Delaware, and Maryland). 
      This study was approved by the institutional review boards of the partici-
pating 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 consisted of children aged ≤ 18 years at LA
diagnosis who were seen in a participating rheumatology clinic between
January 1, 2000, and December 31, 2013. Potential participants were
screened through queries of electronic health records (EHR) for children
evaluated in a pediatric rheumatology clinic with a diagnosis of LD
(International Classification of Diseases-9-Clinical Modification code

088.81). Clinical LA diagnosis was confirmed by record review according
to these criteria: (1) documented positive serologic Lyme testing with ≥ 5
IgG bands present on Western blot testing performed using standard
methods; and (2) documented arthritis on physical examination or arthro-
centesis, with other causes of arthritis excluded. Arthritis on examination
was defined by the presence of joint effusion or 2 other signs of inflammation
(warmth, tenderness, restricted or painful range of motion) documented by
a physician. Although several local clinical laboratories did not routinely
perform screening ELISA before Western blot testing as recommended by
guidelines3,4, children with arthritis and positive Western blot testing alone
were routinely treated for LA at participating centers. Therefore, children
lacking Lyme ELISA results were included in the study and excluded from
sensitivity analyses (see Statistical Analysis below).
Case definition. Cases had ARLA as defined by IDSA guidelines: persist-
ently active LA documented ≥ 2 months after completion of ≥ 8 weeks of
oral antibiotics (amoxicillin, doxycycline, cefuroxime) or ≥ 2 weeks of IV
antibiotics (ceftriaxone, cefotaxime), with negative synovial fluid Lyme PCR
testing if performed (primary case definition)5. Because some individuals
had prolonged arthritis but did not receive sufficient treatment per IDSA
guidelines, sensitivity analyses considered a second set of cases with persist-
ently active arthritis for ≥ 6 months after initiating antibiotics, irrespective
of treatment.
      A comparator group of controls consisted of eligible participants whose
LA resolved within 3 months after antibiotic initiation. Clinical resolution
of LA was defined as having resolution of all pain and stiffness and no more
than a small joint effusion on examination. We considered small, asympto-
matic effusions as consistent with clinical resolution because (1) LA can
cause prolonged (if mild) joint swelling even after apparent eradication of
detectable borrelial infection, and (2) this clinical state was considered a
suitable endpoint for both treatment and followup in all 3 centers.
Independent variables. Primary explanatory variables included demo-
graphics, clinical features at the time of diagnosis, and clinical features
observed within 6 weeks of antibiotic initiation (Supplementary Table 1,
available with the online version of this article). These variables were
selected a priori based on the literature and investigators’ clinical experi-
ences. A 6-week window for certain variables was selected because (1) early
clinical changes after treatment initiation could have important prognostic
value, and (2) certain symptoms and signs suggesting chronicity might be
recognized or reported only by specialists seeing patients who previously
started treatment but did not respond. We also collected information on other
demographic, clinical, and treatment characteristics evaluated in exploratory
secondary analyses. We collected information about medication-associated
toxicities while participants received antibiotics. Missing duration for the 4
main antibiotics (amoxicillin, doxycycline, ceftriaxone, and cefuroxime) was
imputed at the median, 28 days (Supplementary Table 2, available with the
online version of this article). This imputation was considered reasonable
given the small proportion of courses lacking duration data and minimal
variability in prescribing across sites, which broadly adhered to guidelines
for treatment duration3,4. Variables with missing data (e.g., arthritis duration,
antibiotic dose) were considered missing at random, given available data
associated with missingness including center, specialty of diagnosing
clinician, time to first rheumatology visit, and outcome. Thus, we imputed
missing data by multiple imputation of 20 datasets using chained
equations15.
Data collection. Study data were abstracted from each center’s EHR using
standardized forms by an attending pediatric rheumatologist, pediatric rheuma-
tology fellow with ≥ 1 year of clinical training, or trained research staff. Charts
extracted by nonclinical research staff were reviewed by supervising physi-
cians to ensure accuracy. Data inconsistencies prompted repeat EHR review
and data abstraction as needed. Clinical data related to care preceding the first
visit to pediatric rheumatology clinic were extracted from primary documen-
tation (e.g., primary care notes) where available or otherwise from rheuma-
tologists’ consultation notes. Data were collected and managed using REDCap
(Research Electronic Data Capture) tools hosted at Nemours16.
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Statistical analysis. Characteristics of cases and controls were compared
using standard descriptive statistics. Primary explanatory variables
associated with ARLA in univariate analyses (p < 0.2) were included in a
multivariable logistic regression model. We retained model variables that
were significantly associated with ARLA (p < 0.05) or changed adjusted OR
(aOR) between age and ARLA by ≥ 10%. We did not adjust for multiple
comparisons because each primary explanatory variable was hypo-
thesis-driven. We tested for statistical interactions between age and other
variables, considering p < 0.1 to represent a significant interaction.
Exploratory secondary models incorporated additional covariates that were
considered clinically relevant posthoc, such as characteristics of initial
antibiotic treatment (e.g., dose, frequency). 
      We performed several sensitivity analyses to assess the influence of our
assumptions: additional adjustment for treatment center; alternative outcome
definition of persistent LA ≥ 6 months after antibiotic initiation; exclusion
of children without documented Lyme ELISA; exclusion of children with
antibiotic courses of unknown duration; exclusion of children who did not
receive IV antibiotic treatment despite lack of improvement on oral anti-
biotics, in accordance with treatment recommendations3; and categorization
of participants who were lost to followup as (1) having ARLA (worst case
imputation) or (2) having ARLA if (a) the imputed date of resolution was 
≥ 2 months after completion of sufficient treatment, or (b) there was insuf-
ficient treatment to qualify for ARLA before loss to followup. 
      All analyses were performed using Stata 12.1 (StataCorp LP). Two-sided
p values < 0.05 were considered significant.

RESULTS
Of 383 children with LA, 49 children developed ARLA
(cases), and 188 children had arthritis that resolved within 3
months after starting antibiotics (controls; Figure 1). Each
center contributed different numbers of cases (n = 28, 7, 14)

corresponding to their respective sample size, but the
percentage of subjects with ARLA did not significantly
differ across centers (18%, 23%, 30%; p = 0.19). Of the
remaining 146 children with LA, 107 had LA resolve ≥ 3
months since starting antibiotics, and 39 were lost to
followup before ARLA determination. Compared with
children with faster resolution of arthritis, children with
ARLA were more frequently older [median age 11.6 yrs
(interquartile range; IQR 9.0–13.8) vs 9.0 yrs (IQR 
6.9–11.8)] and less likely to be seen by pediatric rheumatol-
ogists early in treatment (Table 1). Children with ARLA
were more likely to present with prolonged continuous joint
symptoms [median 15 days (IQR 5–45) vs median 5 days
(IQR 2–10)] and arthritis affecting a single knee (90% vs
63%). In contrast, children whose arthritis resolved within
3 months were more likely to present with fever (24% vs
16%), elevated erythrocyte sedimentation rate (ESR; 35%
vs 16%), and severe pain (32% vs 6%), sometimes leading
to hospitalization (16% vs 6%); 58% of controls had at least
1 feature of this severe phenotype versus 22% of cases.
Many measured baseline characteristics did not differ
between groups, including history of prior LD episodes or
early LD symptoms, history of symptoms or diagnoses of
autoimmune diseases, family history, or year of presentation.
After starting antibiotics, children with ARLA were more
likely to have markedly worsening arthritis, including new
massive effusions, rupture of joint capsule or popliteal cyst
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Figure 1. Subject selection diagram.
This flowchart details the process of
selecting 237 study participants (49
cases and 188 controls) after exclusion
of 331 children without documented
Lyme arthritis and 148 others who did
not meet criteria for either cases or
controls. ARLA: antibiotic-refractory
Lyme arthritis; m: months; WB IgG:
Western blot immunoglobulin G.
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Table 1. Characteristics of children with and without ARLA.

Characteristics                                                                                                                        Resolved < 3 mos, n = 188            ARLA, n = 49                p1

Demographics
   Age, yrs, median (IQR)                                                                                                                 9.0 (6.9–11.8)                     11.6 (9.0–13.8)           < 0.0012
       Age ≥ 10 yrs3                                                                                                                                                                              71 (38)                                 33 (67)                  < 0.001
   Male sex3                                                                                                                                                                                          121 (64)                                29 (59)                    0.50
   Race                                                                                                                                                                                                                                 0.05
       White                                                                                                                                              142 (76)                                45 (92)                        
       Not white                                                                                                                                         29 (15)                                   2 (4)                          
       Unknown race                                                                                                                                  17 (9)                                    2 (4)                          
   Ethnicity                                                                                                                                                                                                                          0.114
       Non-Hispanic                                                                                                                                 158 (84)                                47 (96)                        
       Hispanic                                                                                                                                            8 (4)                                        0                             
       Unknown ethnicity                                                                                                                          22 (12)                                   2 (4)                          
   Year of presentation to rheumatology clinic                                                                                                                                                                    0.51
       2000–2006                                                                                                                                      56 (30)                                 17 (35)                        
       2007–2013                                                                                                                                     132 (70)                                32 (65)                        
   Specialty of clinician who diagnosed Lyme arthritis                                                                                                                                                   < 0.0014
       Primary care                                                                                                                                    48 (26)                                 29 (59)                        
       Emergency medicine                                                                                                                       55 (29)                                  5 (10)                         
       Rheumatology                                                                                                                                52 (28)                                   3 (6)                          
       Orthopedics                                                                                                                                     32 (17)                                 12 (24)                        
       Infectious diseases                                                                                                                            1 (1)                                        0                             
   Seen by a pediatric rheumatologist within 1 week of antibiotic initiation                                         67 (36)                                   3 (6)                    < 0.001
       Days after antibiotic initiation to presentation in rheumatology clinic, median (IQR)                21 (0–38)                           93 (41–131)             < 0.0015
Clinical presentation
   Acute migratory arthritis3                                                                                                                                                            7 (4)                                        0                        0.354
   Prior self-resolving episodes of joint swelling3                                                                                                             74 (39)                                 13 (27)                    0.10
   Continuous joint symptoms for at least 6 weeks3                                                                                                            4 (2)                                    8 (16)                  < 0.0014
       Missing duration of baseline joint symptoms                                                                                 37 (20)                                 17 (35)                    0.03
   ≥ 2 active joints3                                                                                                                                                                            51 (27)                                   2 (4)                     0.001
   Arthritis limited to knee(s)3                                                                                                                                                    138 (73)                                46 (94)                   0.002
   Arthritis limited to a single knee                                                                                                        118 (63)                                44 (90)                  < 0001
   Severe phenotype3,6                                                                                                                                                                    109 (58)                                11 (22)                  < 0.001
       Unexplained fever                                                                                                                           46 (24)                                  8 (16)                     0.23
       Severe pain                                                                                                                                      61 (32)                                   3 (6)                    < 0.001
       Hospitalization for severe pain                                                                                                       30 (16)                                   3 (6)                      0.08
       Measured ESR ≥ 40 mm/h                                                                                                              66 (35)                                  6 (16)                     0.01
   Lyme Western blot IgG ≥ 9 bands3                                                                                                                                     140 (74)                                38 (78)                    0.66
   HLA-B27–positive                                                                                                                                1 (1)                                        0                        0.304
       Unknown HLA-B27 status                                                                                                            162 (86)                                38 (78)                        
   Premature IAGC injection3                                                                                                                                                         2 (1)                                     2 (4)                      0.194
Patient and family history

History of previously treated Lyme disease                                                                                        12 (6)                                    3 (6)                      0.994
History of known tick bite                                                                                                                  34 (18)                                  8 (16)                     0.82
History of personal autoimmune disease                                                                                              3 (2)                                        0                        0.994
Family history of Lyme disease                                                                                                          18 (10)                                  9 (18)                     0.08
Family history of other autoimmune disease                                                                                     76 (40)                                 24 (49)                    0.28

Features within 6 weeks of diagnosis
Features of SpA3,7                                                                                                                                                                           2 (1)                                     1 (2)                      0.504
Clinical worsening on treatment3,8                                                                                                                                         9 (5)                                   10 (20)                   0.0014
Presence of chronic joint changes3,9                                                                                                                                   39 (21)                                  6 (12)                     0.18
Dose of first antibiotic course too low                                                                                                 5 (3)                                    5 (10)                     0.044
   Unknown dose of first antibiotic course                                                                                          16 (9)                                   7 (14)                     0.284
First course of antibiotic with too low frequency10                                                                                                      17 (9)                                    3 (6)                      0.774
   Unknown frequency of first antibiotic course                                                                                  11 (6)                                   6 (12)                     0.134
Documented treatment nonadherence11                                                                                                                               3 (2)                                     3 (6)                      0.114
Prescribed nonsteroidal antiinflammatories                                                                                       55 (29)                                 14 (29)                    0.93

Values are expressed as n (%) unless otherwise indicated. 1 Calculated from chi-square test except where indicated. 2 Calculated from t test. 3 Primary explanatory
variable. 4 Calculated from Fisher’s exact test. 5 Calculated from Wilcoxon rank-sum test. 6 Characteristics combined into 1 factor of severity in multivariable
models. 7 Presence of inflammatory back pain, enthesitis, tendonitis, or dactylitis; personal history of psoriasis, inflammatory bowel disease, or acute anterior
uveitis. 8 Massive effusion, joint capsule rupture, or symptomatic joint recruitment after antibiotic initiation. 9 Flexion contracture present or > 20° in the
presence of massive effusion, proximal muscle atrophy, condylar hypertrophy, or erosions on imaging. 10 In all but 1 case, amoxicillin was given twice daily
rather than 3 times daily, as recommended by treatment guidelines3,4. 11 Defined as taking < 80% of prescribed antibiotic doses. ARLA: antibiotic-refractory
Lyme arthritis; ESR: erythrocyte sedimentation rate; IAGC: intraarticular glucocorticoid; IgG: immunoglobulin G; IQR: interquartile range; SpA: spondy-
loarthritis.
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causing painful lower leg swelling, or symptomatic
recruitment of additional arthritic joints (20% vs 5%). 
    Regarding treatment characteristics, children with ARLA
were less likely to receive antibiotics at guideline-recom-
mended doses (usually amoxicillin) and more likely to report
not taking most or all prescribed antibiotic doses. In contrast,
there were no reported differences in antibiotic frequency
(amoxicillin thrice daily vs twice daily) or early use of daily
nonsteroidal antiinflammatory drugs (NSAID; Table 1).
Children with ARLA were more likely to have taken doxy-
cycline, consistent with their older ages (Table 2). Notably,
among children age ≥ 8 years, a similar percentage of cases
(65%) and controls (64%) took doxycycline as a first-line
antibiotic (p = 0.91). Over half of cases were prescribed > 10
weeks of antibiotics, while controls were prescribed anti-
biotics for a median of 30 days (IQR 28–35). Cases were also
more likely to receive IV antibiotics (57% vs 7%) and be
prescribed NSAID at any point (80% vs 30%). Consistent
with this higher treatment burden, reported adverse events
during the antibiotic treatment period were more common
among children with ARLA (37% vs 15%), including rash
(18% vs 4%), headache (8% vs 1%), and hospitalization for

adverse events [6% (3 cases) vs 1% (1 control)]. Reasons for
hospitalization of cases were allergic reaction with rash,
abdominal pain and vomiting from suspected biliary
sludging, and allergic reaction plus a mechanical IV line
problem (all with ceftriaxone); 1 control taking amoxicillin
was hospitalized for rash.
    In primary multivariable analysis, 4 clinical factors were
significantly associated with increased risk of ARLA: age 
≥ 10 years (aOR 2.5, 95% CI 1.1–5.6), presence of
continuous joint symptoms for ≥ 6 weeks at diagnosis (aOR
9.4, 95% CI 2.5–34.7), arthritis at diagnosis limited to one or
both knees (aOR 5.1, 95% CI 1.4–19.2), and clinical
worsening on initial antibiotic treatment (aOR 4.2, 95% CI
1.4–12.6; Table 3). In the same model, features of severe
inflammation (fever, severe pain with or without hospital-
ization, or high ESR) were collectively associated with a
decreased ARLA risk (aOR 0.4, 95% CI 0.2–0.9). There was
no evidence of statistical interaction between age and other
model variables (p > 0.1). In a separate model, 2 additional
treatment-related factors — prescription of amoxicillin at
subtherapeutic doses and poor reported antibiotic adherence
— were also associated with ARLA (Table 3).
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Table 2. Antibiotic use and treatment-associated adverse events among children with and without ARLA.

Treatment Characteristics                                                                                                 Resolved < 3 Mos, n = 188               ARLA, n = 49                     p1

Antibiotics
Oral antibiotics                                                                                                                            185 (98)                                  49 (100)                       0.992
Amoxicillin                                                                                                                                  109 (58)                                   24 (49)                         0.26
Doxycycline                                                                                                                                  91 (48)                                    43 (88)                      < 0.001
Cefuroxime                                                                                                                                     8 (4)                                       6 (12)                         0.052
Other                                                                                                                                               2 (1)                                           0                             0.992
Days of oral antibiotics, median (IQR)                                                                                     28 (28–30)                              57 (56–72)                  < 0.0013
IV antibiotics                                                                                                                                 13 (7)                                     28 (57)                      < 0.001
Ceftriaxone                                                                                                                                    13 (7)                                     28 (57)                      < 0.001
Days of IV antibiotics, median (IQR)4                                                                                                                   28 (21–28)                              28 (21–28)                     0.303
Total days of antibiotics, median (IQR)                                                                                    30 (28–35)                              76 (58–88)                  < 0.0013

Prescribed NSAID                                                                                                                            57 (30)                                    39 (80)                      < 0.001
Adverse events during antibiotic treatment period

Any recorded treatment-associated adverse event5                                                                                             29 (15)                                    18 (37)                        0.001
Fever                                                                                                                                               3 (2)                                        2 (4)                          0.282
Rash                                                                                                                                                8 (4)                                       9 (18)                        0.0022
Non-rash allergic reactions                                                                                                                0                                           2 (4)                          0.042
Heartburn                                                                                                                                       1 (1)                                        2 (4)                          0.112
Abdominal pain                                                                                                                              7 (4)                                        3 (6)                          0.442
Vomiting                                                                                                                                         8 (4)                                        3 (6)                          0.702
Diarrhea                                                                                                                                          5 (3)                                           0                             0.592
Headache                                                                                                                                        2 (1)                                        4 (8)                          0.022
Dizziness                                                                                                                                         1 (1)                                           0                             0.992
Altered mental status                                                                                                                         0                                           1 (2)                          0.212
Clostridium difficile or other infection                                                                                              0                                              0                                –
Thrombosis                                                                                                                                        0                                              0                                –
Mechanical IV problem                                                                                                                     0                                           2 (4)                          0.042

Hospitalization for any treatment-associated adverse event6                                                                                 1 (1)                                        3 (6)                          0.032

Values are expressed as n (%) unless otherwise indicated. 1 Calculated from chi-square test except where indicated. 2 Calculated from Fisher’s exact test. 
3 Calculated from Wilcoxon rank-sum test. 4 Calculated among subjects who received ceftriaxone. 5 Some subjects had > 1 adverse event. 6 Excluding hospi-
talization for worsening disease (e.g., leg swelling from popliteal cyst rupture). ARLA: antibiotic-refractory Lyme arthritis; IQR: interquartile range; IV: intra-
venous; NSAID: nonsteroidal antiinflammatory drugs.
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    In sensitivity analyses, associations with all variables in
the primary model remained consistent, but the effect size for
certain variables was attenuated (Supplementary Table 3,
available with the online version of this article).
    Of 49 children with ARLA, 36 (73%) received ≥ 2 oral
antibiotic courses. Fifteen of them subsequently received IV
antibiotics. Nonantibiotic treatments (e.g., IAGC) and time
to clinical resolution did not differ between children who did
and did not receive ceftriaxone (Table 4). Six children had
arthritis spread to new joints in the postantibiotic period, all
of whom had received prior ceftriaxone (p = 0.03). Among
children with ARLA, 4 of 5 children who received subthera-
peutic oral antibiotics and 3 who were nonadherent to oral
antibiotics also received ceftriaxone. Among 21 children who
received oral but not IV antibiotics, 17 (81%) experienced
clinical improvement with oral antibiotics alone. Four
children (8% of children with ARLA) did not receive ceftri-
axone despite lack of improvement after 2 courses of oral
antibiotics, including 1 child with subtherapeutic amoxicillin.
Exclusion of these 4 cases did not substantively change our
results (Supplementary Table 3, available with the online
version of this article). 
    Among children with ARLA, half (24, 49%) had recurrent

arthritis after full or clinical resolution of arthritis at a median
of 273 (IQR 206–385) days after antibiotic initiation.
Recurrences were more common after full, documented
resolution of effusions (17) than in children with small,
asymptomatic effusions (7). Children with fully resolved
effusions did not differ from children with small, asympto-
matic effusions in the number of prior antibiotic courses,
number of prior IAGC injections, or time to first recurrence
(p > 0.1).

DISCUSSION
In a large multicenter cohort of pediatric LA, we identified 4
of 9 hypothesized factors that were associated with increased
risk of antibiotic-refractory disease: older age, arthritis
limited to the knee(s), prolonged continuous joint symptoms,
and clinical worsening at initial treatment. Of several factors
hypothesized to decrease ARLA risk, we found that children
who favorably responded to antibiotics more often had fever,
severe pain, or other signs of systemic inflammation.
Notably, not only did children with ARLA receive antibiotics
for longer periods of time, but over half were prescribed more
than 10 weeks of antibiotics despite treatment guidelines
recommending no more than 6–8 weeks of antibiotics for
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Table 3. Association of explanatory factors with ARLA.

Clinical Characteristics                                                                         Univariate Analysis Multivariable Analysis
                                                                                                            Primary or Secondary                  Analysis of Primary                   Primary Explanatory
                                                                                                             Explanatory Variable                Explanatory Variables,            Variables Plus Secondary
                                                                                                                                                                           n = 237                       Treatment Factors, n = 237
                                                                                                         Unadjusted OR (95% CI) Adjusted OR1 (95% CI)

Demographics
Age ≥ 10 yrs                                                                                           3.5 (1.8–6.7)                               2.5 (1.1–5.6)                               3.0 (1.2–7.3)
Male sex                                                                                                  0.8 (0.4–1.6)                                         –                                                  –

Clinical features at presentation
Acute migratory arthritis                                                                        1.8 (0.9–3.7)                                         –                                                  –
Prior, self-resolving episodes of joint swelling                                      0.5 (0.3–1.1)                                         –                                                  –
Continuous joint symptoms for at least 6 weeks                                  13.9 (4.0–48.6)                            9.4 (2.5–34.7)                             8.0 (2.0–31.9)
Severe phenotype2                                                                                                             0.2 (0.1–0.5)                               0.4 (0.2–0.9)                              0.4 (0.2–0.99)
≥ 9 bands on Western blot                                                                       1.2 (0.6–2.5)                                         –                                                  –
≥ 2 active joints                                                                                      0.1 (0.03–0.5)                                        –                                                  –
Arthritis limited to knee(s)                                                                    5.6 (1.7–18.9)                             5.1 (1.4–19.2)                             4.9 (1.3–19.4)
Premature IAGC injection                                                                     3.9 (0.5–28.4)                                        –                                                  –

Clinical features within first 6 weeks after treatment initiation
Clinical worsening on treatment3                                                                              5.0 (1.9–13.1)                             4.2 (1.4–12.6)                             4.5 (1.4–14.2)
Features of SpA4                                                                                                               1.9 (0.2–21.5)                                        –                                                  –
Presence of chronic joint changes5                                                                            0.5 (0.2–1.3)                                         –                                                  –

Exploratory treatment characteristics
Dose of first antibiotic course too low6                                                                 4.0 (1.2–14.6)                                        –                                        7.3 (1.4–37.3)
Documented treatment non-adherence7                                                                 4.0 (0.8–20.2)                                        –                                         2.4 (1.1–5.3)

1 Multivariable logistic models including all independent variables shown. 2 Unexplained fever, severe pain, hospitalization for severe pain, or measured ESR
≥ 40 mm/h. 3 Massive effusion, rupture of joint capsule or popliteal cyst, or symptomatic joint recruitment after antibiotic initiation. 4 (1) Presence of inflam-
matory back pain, enthesitis (tenderness at bony insertions of tendons and ligaments), tendonitis, or dactylitis; or (2) personal history of psoriasis, inflammatory
bowel disease, or acute anterior uveitis. 5 (1) Flexion contracture > 20° or presence of flexion contracture without massive effusion; (2) muscle atrophy proximal
to involved joint; (3) hypertrophy of femoral condyles; (4) joint erosions on imaging. 6 Antibiotic dose of first course too low per treatment guidelines3,4. 
7 Treatment non-adherence defined as reported consumption of < 80% of prescribed antibiotic doses. ARLA: antibiotic-refractory Lyme arthritis; IAGC: intra-
articular glucocorticoid; SpA: spondyloarthritis; ESR: erythrocyte sedimentation rate.
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LA3. The more intensive, prolonged treatment of children
with ARLA was associated with higher rates of treat-
ment-associated adverse events, including hospitalizations.
    Our findings support prior research suggesting older age
as a risk factor for ARLA in children6,7,8. The biologic basis
for this finding is unclear. Doxycycline is used almost exclu-
sively in older children and adolescents because of perceived
risk of dental staining at earlier ages, but initial antibiotic
choice did not explain the increased risk with age. Multiple
lines of evidence suggest ARLA may be a postinfectious
autoimmune condition, including associations of ARLA with
HLA-DR417,18, genetic polymorphisms relating to immune
response19, autoantibodies20, and pathogenic changes in
regulatory T cells21,22 and Th17 cells23. ARLA may also
result from immune dysregulation24 or abnormal immune
response to persistent articular borrelial antigens25,26. The
greater risk of older children to develop ARLA could relate
to factors underlying the rising incidence of other auto-
immune diseases in adolescence27. Further investigation
should clarify whether the greater risk of ARLA among older
children relates to one or more of these potential mechanisms.
Our study also echoes previous research suggesting that new
joint recruitment while taking antibiotics is a risk factor for
ARLA in children8. Unlike the previous study, our definition
of clinical worsening while receiving treatment also encom-
passed the development of massive effusions and rupture of
large popliteal cysts, which we have observed clinically as
other early prognosticators of treatment resistance. 
    Previous studies have not found any relationship between
the duration of joint symptoms at diagnosis and ARLA in
children6,7,10 or in a predominantly adult cohort5. We hypo-
thesized that sustained arthritis at diagnosis would be
associated with ARLA based on clinical experience. The
positive finding in our study could relate to its larger sample

size or differences in the study population (e.g., pediatric vs
adult, United States vs Europe28) or design (comparators
responding within 3 months) and bears replication. Others
have observed that younger children with LA more likely
present with fever and pain6, but our results suggest that
systemic inflammatory response is a marker of favorable
response to antibiotics irrespective of age. The mechanism
behind this finding is unclear but may relate to more effective
spirochetal killing among patients with high early levels of
Th1- or Th17-associated cytokines29. Further, the association
between knee-only arthritis and ARLA is also a novel, previ-
ously unreported finding.
    We were unable to substantiate the previous observation
that premature IAGC increases ARLA risk5,11. The few
children we identified with early injections limited our ability
to study this potential risk factor. We did find that children
treated with insufficient doses of amoxicillin were more
likely to develop ARLA, lending support for the recom-
mended daily dosage in pediatric LA3,4. In contrast, outcomes
did not differ when amoxicillin was prescribed twice daily
instead of 3 times daily, as per treatment recommendations3,4.
Notably, there was little deviation from guidelines in the
prescribed dosage or frequency of doxycycline or ceftriaxone. 
    Treatment guidelines recommend that patients whose LA
does not respond to oral antibiotics receive IV antibiotics3.
Most patients in our cohort (all but 4) received care consistent
with these recommendations, and exclusion of these 4
individuals from regression models did not change our
findings. Further, children who received only oral antibiotics
had similar outcomes compared with children who received
IV ceftriaxone, except that children who received IV anti-
biotics were more likely to experience new postantibiotic
joint recruitment. Our results support the notion that IV
antibiotics may be required for adequate spirochetal killing
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Table 4. Followup clinical characteristics of children with ARLA.

Characteristics                                                                                                               ARLA,          ARLA, Did Not      ARLA, Received
                                                                                                                                       n = 49        Receive Ceftriaxone,      Ceftriaxone, 
                                                                                                                                                                     n = 21                       n = 28                            p1

Days from initial treatment to clinical resolution or last visit, median (IQR)        400 (312–754)      440 (312–580)          390 (320–770)                    0.902
Any IAGC injection after antibiotic initiation3                                                                                 32 (65)                  14 (67)                      18 (64)                          0.86
     1 IAGC injection                                                                                                      17 (35)                   7 (33)                       10 (36)                              
     2 IAGC injections                                                                                                     9 (18)                    3 (14)                        6 (21)                               
     3 IAGC injections                                                                                                      4 (8)                     3 (14)                         1 (4)                                
     4 IAGC injections                                                                                                      2 (4)                      1 (5)                          1 (4)                                
Any IAGC injection after ceftriaxone or ARLA diagnosis (no ceftriaxone)                28 (57)                  14 (67)                      14 (50)                          0.24
Any prescribed NSAID after ceftriaxone or ARLA diagnosis (no ceftriaxone)           34 (69)                  17 (81)                      17 (61)                          0.13
Any DMARD4                                                                                                                                                     7 (14)                    3 (14)                        4 (14)                           0.99
Synovectomy                                                                                                                  7 (14)                    2 (10)                        5 (18)                           0.685
Spread of arthritis to new joint after completion of antibiotics                                      6 (12)                        0                            6 (21)                           0.035

Values are expressed as n (%) unless otherwise indicated. 1 P value calculated from chi-square test except where indicated. 2 P value calculated from Wilcoxon
rank-sum test. 3 IAGC not including premature injections before antibiotic initiation. 4 Four children received methotrexate, 4 children received sulfasalazine,
and 1 child received hydroxychloroquine; some children received > 1 DMARD, and no child received a tumor necrosis factor inhibitor. 5 P value calculated
from Fisher’s exact test. ARLA: antibiotic-refractory Lyme arthritis; IQR: interquartile range; IAGC: intraarticular glucocorticoid; NSAID: nonsteroidal anti-
inflammatory drug; DMARD: disease-modifying antirheumatic drug.
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in children who do not respond to oral antibiotics, even
though IV antibiotic therapy does not prevent ARLA or the
need for nonantibiotic treatment for all children. Given the
lack of high-quality evidence about second-line treatment
regimens, the risks of IV antibiotics, and the potential benefit
of early IAGC injection for LA30, pediatricians should
consider referring children to pediatric rheumatologists for
LA that remains persistently active after 2 antibiotic courses.
    Our study has several strengths. We assembled the largest
cohort of pediatric LA to date across several referral centers
in a Lyme-endemic region, giving us greater statistical power
and generalizability to identify important clinical factors.
Unlike similar previous studies, we focused on factors
hypothesized to relate to ARLA, making our findings less
likely to result from chance alone, and thus more scientifi-
cally credible. In addition, our study highlights the potential
dangers of overtreating LA with antibiotics after the infection
itself is cleared and antibiotics are ineffective5,31,32. This
treatment-related risk is noteworthy because, in other
settings, antibiotic use and antibiotic-associated dysbiosis
may contribute to the development of acute and chronic
arthritis in children33,34.
    Our study also has several limitations. Given the setting
at pediatric rheumatology referral centers, the study
population and the high proportion of children with ARLA
were not representative of all pediatric LA. For this reason,
certain factors that we identified may relate to patterns of
rheumatology referral more than ARLA risk, and our results
may not generalize to all children with LA. Nonetheless,
children with persistently active LA are commonly referred
to pediatric rheumatologists, and results were similar across
3 centers with geographically and demographically distinct
referral populations. A population-based case-control or
cohort study would help further validate our findings.
Another limitation was the high prevalence of missing data
for certain variables, including baseline symptom duration,
a primary explanatory variable associated with ARLA. Many
children with ARLA were first seen in participating rheuma-
tology clinics months after diagnosis, which led to higher
rates of missing early clinical data. Nonetheless, we used
available clinical data and referral patterns to impute missing
data, and our findings were robust across multiple sensitivity
analyses. Incomplete early documentation among many cases
may also have underestimated nonadherence and the actual
burden of early treatment toxicity. Finally, not all children
were followed until full resolution of joint effusions,
compatible with the clinical practice of participating centers.
We found no evidence that recurrent arthritis was more
common after incomplete resolution of effusions.
    We identified several factors associated with the devel-
opment of ARLA in children referred to pediatric rheumatol-
ogists, including older age, prolonged joint symptoms at
diagnosis, knee-only arthritis, and clinical worsening on
initial treatment. Children presenting with fevers or severe

pain generally have more rapid and favorable response to
antibiotics. Children with ARLA frequently receive multiple
antibiotic courses, often exceeding current guidelines,
resulting in more treatment-related toxicity. For children with
persistently active LA after 2 antibiotic courses, pediatricians
should consider starting antiinflammatory treatment and
referring to a pediatric rheumatologist. 
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