The Symptoms in Persons At Risk of Rheumatoid Arthritis (SPARRA) questionnaire: predicting clinical arthritis development
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Abstract
Objective There is a need to better define symptom characteristics associated with arthritis development in individuals at risk of rheumatoid arthritis (RA). We investigated whether reported symptoms in at-risk individuals could predict arthritis development and whether predictive symptoms differed between seropositive and seronegative at-risk individuals.

Methods At-risk individuals from four cohorts (Netherlands, United Kingdom, Sweden, Switzerland) completed the Symptoms in Persons At Risk of Rheumatoid Arthritis (SPARRA) questionnaire. Participants had either 1) anticitrullinated protein antibodies and/or rheumatoid factor, or 2) relevant symptoms with or without RA-antibodies. Follow up was ≥24 months or until clinical arthritis development. Stepwise forward selection created SPARRA prediction models for the combined group and for a seropositive subgroup. 

Results Of 214 participants, mean age was 50 years, 67% were female, and 27% (n 58) developed clinical arthritis after a median time of 7 months. Four symptoms predicted arthritis development: self-reported joint swelling, joint pain moving from side to side (combined group only), feeling pins and needles in the joints and often feeling fatigued (predicting non-arthritis). 

Conclusion Specific symptoms can provide useful information to estimate a person’s RA risk. Differences in predictive symptoms between seropositive and seronegative at-risk individuals need to be further investigated. Future research is needed to determine whether changes in symptoms over time improve prediction and to determine the value of SPARRA in optimizing the selection of individuals who need to consult a rheumatologist.
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INTRODUCTION
[bookmark: _Hlk61614492][bookmark: _Hlk61614631]Accurate prediction of rheumatoid arthritis (RA) depends on an understanding of the pathogenetic course of events. The typical evolution of RA is that individuals with genetic risk factors may develop systemic autoimmunity under relevant environmental influences, followed by symptom development and eventually clinical arthritis(1). The phase of symptom development is when at-risk individuals typically present to medical care. Individuals at risk of developing RA exhibit a high prevalence of diverse and often severe symptoms(2, 3); both musculoskeletal and more general symptoms such as fatigue and weakness are reported(4-9). However, musculoskeletal symptoms are common in primary and secondary care, including in patients who are not at risk of developing arthritis(10). Therefore, there is a need to better define symptom characteristics associated with arthritis development. Information on the prevalence, course and predictive ability of specific symptoms and symptom complexes is largely lacking(1, 9, 11); for this reason, the ‘Symptoms in Persons At Risk of Rheumatoid Arthritis’ (SPARRA) questionnaire was developed to quantify symptoms in the at-risk phase. This questionnaire was based on qualitative research exploring symptoms in seropositive arthralgia patients and newly diagnosed RA patients, together with a review of relevant literature, and has previously been validated(12). 

Studies predicting arthritis development mostly rely on biomarkers such as genetic markers, autoantibodies and imaging abnormalities, with symptoms being only a minor component(13-16). Symptoms in at-risk individuals have typically been collected by using simple questionnaires developed for RA patients. In the present study, the ability of the extensive SPARRA questionnaire to predict future arthritis development was assessed. Individuals with seropositive or seronegative arthralgia have a different risk of RA and may also differ in their symptoms as related to arthritis development. Clinicians use the symptom history to differentiate those at risk of arthritis from other patients with non-specific joint symptoms(17). However, a drawback of this approach is the required high level of expertise of the assessors. In contrast, a questionnaire provides self-reported answers to standardized questions. 

In an international cohort of persons at risk of RA, we addressed the following research questions: 
1) Can symptoms reported by the SPARRA questionnaire predict future arthritis development? 
2) Do predictive symptoms differ between seropositive and seronegative at-risk individuals? 

METHODS
Study participants
Individuals at risk of developing RA from 4 European centers with prospective cohorts were asked to complete the SPARRA questionnaire: Reade, Amsterdam, the Netherlands(18), Sandwell and West Birmingham and the University Hospitals Birmingham, United Kingdom(12), Karolinska University Hospital, Sweden(12) and the University Hospital of Geneva, Switzerland(19). At-risk individuals were defined as individuals without clinically apparent arthritis with 1) anticitrullinated protein antibodies (ACPA) and/or rheumatoid factor (RF), or 2) the presence of relevant symptoms (i.e. arthralgia suspicious for progression to RA based on clinical expertise) with or without RA-specific antibodies(1). Participants were eligible if they had completed the SPARRA questionnaire at baseline assessment and follow up data on arthritis development were available. Participants were assessed for clinical arthritis development, defined as ≥1 swollen joints as observed by a rheumatologist (all cohorts). Individuals were included between March 2014 and November 2017, details on inclusion criteria per cohort have been reported previously(12). Participants in the current study were largely the same as in the previous SPARRA publication on internal validation and initial results, with the addition of the most recently included individuals(12). 

Study procedures
At baseline, individuals completed the SPARRA questionnaire and baseline characteristics were collected such as family history, smoking status, visual analogue scales (VAS, ranged 0-100) for pain, patient global assessment and fatigue and tender joint count of 44 joints. Antibody status was determined using local clinical tests. Subsequently, arthritis development was assessed at 6-month intervals (UK), 12-month intervals (the Netherlands, Sweden, Switzerland), and/or at extra visits in case of suspected arthritis. Follow up was ≥24 months, with a maximum of 60 months, or until clinical arthritis development. The study was approved by the Ethics Committee of each participating center, and all individuals gave written informed consent.

Questionnaire
The development of the SPARRA questionnaire has been previously described(12). It includes questions related to 13 symptoms: joint pain, joint swelling, joint stiffness, burning sensations in joints, tingling sensations in joints, numbness, changes in skin color over joints, muscle cramps, weakness or loss of strength, fatigue, emotional distress, concentration difficulties and sleep problems. For each symptom, frequency (0; 1 to 5; 6 to 15; 15 to 30 days per month), severity (none; mild; moderate; severe), impact on daily activities (no; small; moderate; large impact), and, if applicable, location (arm(s); hand(s); leg(s); foot or feet), were scored. Additional questions captured location of joint pain (if present: neck, back, shoulders, elbows, wrists, fingers, hips, knees, ankles, toes) and pattern of symptom development (increased rapidly and then remained constant; gradually increased to current level; intermittent, though always with some symptoms; intermittent with periods without symptoms in between). A copy of the questionnaire is shown in Supplementary file 1.

Statistical analysis
To ensure easy clinical applicability, the response categories of each question were grouped or dichotomized where applicable, and different cut-off points were tested. This resulted in 69 response options that were analyzed (details are shown in Supplementary file 2). Univariable Cox regression analysis was used for preselection of possible predictors. All variables with a p<0.2 were then included in a stepwise forward selection procedure using Cox regression (p<0.05) to create a multivariable prediction model. Two multivariable prediction models were created: one using all participants (combined group model) and one using all seropositive participants (seropositive subgroup model). Next, for both models, prediction scores were calculated. Points were assigned to each symptom included in the model by rounding the regression coefficients to half points and multiplying by 2, after which all points were summed(15). The diagnostic performance of the prediction models was evaluated using the area under the curve (AUC) of receiver operating characteristics (ROC) curves and Harrell’s C statistics. In general, an AUC of 0.5 suggests no discrimination, 0.7 to 0.8 is considered acceptable, 0.8 to 0.9 is considered excellent, and more than 0.9 is considered outstanding. Harrell’s C is a performance measure that also takes into account time until arthritis development. Values around 0.5 indicate no predictive discrimination, values close to 1 indicate high predictive discrimination(20). Both performance measures were calculated for arthritis at one and two years follow up. For internal validation, bootstrap analysis was conducted with 1000 replicates. For the seronegative subgroup, a multivariable model could not be created due to the low number of arthritis cases, therefore, significant univariable associations were identified and corrected for multiple testing with the Bonferroni correction. Finally, in the combined group, the additional value of the SPARRA prediction model over autoantibody data was calculated using the likelihood ratio (LR) test for comparison of nested models. In addition to the main analyses, sensitivity analyses were performed in which the small sample of first degree relatives were omitted. Although all relatives reported symptoms, they came to medical care because they were first degree relatives, and not primarily because of their symptoms, and therefore, from a clinical perspective, they can be considered a separate population. All analyses were repeated without including first degree relatives. Statistical analyses were performed using SPSS V24.0 and R software.

RESULTS
In total, 214 individuals were included in the present study (Netherlands: n=118, UK: n=76, Sweden: n=13, Switzerland: n=7). They were individuals with 1) arthralgia and RA-specific antibodies (n=143), or 2) relevant symptoms without antibodies (n=64), or 3) were first degree relatives of RA patients and had RA-specific antibodies (n=7). Of the 238 patients who completed the SPARRA questionnaire, 24 were lost to follow-up. The baseline characteristics of patients with and without follow-up are shown in Supplementary file 3. Patients without follow-up versus those with follow up were younger (mean 44 (SD 13) and 51 (13) years, respectively) and had a higher tender joint count (median TJC44 4 (1-15) and 1 (IQR 0-4), respectively). Supplementary file 4 shows the study flowchart. Baseline characteristics per cohort are shown in Table 1. Overall, 67 percent were female, mean age was 50 (SD 13), 46% were ACPA positive (with or without RF), 25% were only RF positive and 29% were seronegative. Total median follow up was 24 (IQR 17-36) months, median follow up of non-arthritis subjects was 25 (24-48) months. In total, 58 persons (27%) developed clinical arthritis after a median of 7 (6-18) months (Figure 1). In the ACPA positive subset (n=98), 41 persons (42%) developed clinical arthritis after a median of 12 (6-19) months.
[bookmark: _Hlk56074142]
SPARRA prediction model 
Combined group
All 214 individuals were included in the combined group analyses.
Univariable Cox regression analyses resulted in 14 selected variables (Supplementary file 2) entering the multivariable Cox regression analysis. Four symptoms were included in the model: 1) joint swelling >5 days of the month, 2) joint pain moving from one side of the body to the other 3) feeling pins and needles or tingling sensations in joints and 4) often feeling fatigued (protective variable) (Table 2). 

Frequency of joint swelling showed the best discriminative ability when the cut-off was set at >5 days per month (0 or 1 to 5; 6 to 15 or 16 to 30 days per month). Responses to the question  ‘Does your joint pain move from joint to joint?’ showed no association with arthritis development when all responses were compared (no; from arms to legs; from legs to arms; from side to side) or when responses were groups as follows: (no; from arms to legs or from legs to arms; from side to side). However, when pain moving from side to side was tested against the other responses combined (from side to side; no or from arms to legs or from legs to arms), it was strongly predictive of arthritis development. Therefore, the presence or absence of this symptom itself was included in the model. Frequency of pins and needles or tingling sensations showed the best discriminative ability when the cut-off was set at ≥1 days per month (0; 1 to 5 or 6 to 15 or 16 to 30 days per month). Because of the high prevalence in the general population of feeling fatigued, the experienced frequency of this symptoms was not dichotomized and all categories were retained (0; 1 to 5; 6 to 15; 15 to 30 days per month). The prevalence for each predictor in the combined group is shown in Supplementary file 5. For this model, the calculated risk score ranged from 0 to 7 (Table 3), and based on the survival curves, prediction scores could be further categorized into 3 risk categories (low: risk score 0, intermediate:  risk scores 1-3, high: risk scores 4-7, Figure 2). Median time until arthritis per risk score was 17, 6 and 7 months, respectively. Bootstrap analysis did not change the regression coefficients or the p-values markedly (data not shown). The prediction model AUC was 0.75 (95% CI 0.66-0.84) at 1 year FU, and 0.70 (95% CI 0.60-0.79) at 2 years FU. Harrell’s C was 0.72 at 1 year FU and 0.68 at 2 years FU. 

Seropositive subgroup
One-hundred-and-fifty individuals were seropositive and were therefore included in this subgroup analysis. Univariable Cox regression analyses resulted in 20 selected variables (Supplementary file 2) entering the multivariable Cox regression analysis. In total, three symptoms were included in the final prediction model: 1) joint swelling ≥1 day of the month 2) feeling pins and needles or tingling sensations in joints and 3) often feeling fatigued (protective) (Table 2). In this subgroup, frequency of joint swelling showed the best discriminative ability when the cut-off was set at ≥1 days per month (0; 1 to 5 or 6 to 15 or 16 to 30 days per month). The other two predictive symptoms were similar to the combined group model. The prevalence for each predictor in the seropositive subgroup is shown in Supplementary file 5. The calculated risk score ranged from 0 to 6 (Table 3), and based on the survival curves, prediction scores could be further categorized into 2 risk categories (low: risk scores 0-2, high: risk scores 3-6, Figure 2). Median time until arthritis per risk score was 15 and 9 months, respectively. Bootstrap analysis did not change the regression coefficients or the p-values markedly (data not shown). The prediction model AUC was 0.71 (95% CI 0.61-0.81) at 1 year FU, and 0.69 (95% CI 0.59-0.79) at 2 years FU. Harrell’s C was 0.68 at 1 year FU and 0.67 at 2 years FU. 

Seronegative subgroup
Sixty-four individuals were seronegative, of whom 10 developed arthritis. Because of the low number of arthritis cases, a multivariable prediction model could not be created. Univariable Cox regression analysis showed that two SPARRA symptoms were significantly associated with arthritis development in this group: 1) pattern of symptom development that increased rapidly and then remained constant (HR 5.06, 95% CI 1.25 - 20.48, p=0.023), and 2) experiencing an impact of muscle weakness on the ability to carry out daily activities (HR 0.27, 95% CI 0.08 - 0.95, p=0.042). After correcting for multiple testing using the Bonferroni correction, no items were significantly associated with arthritis development.

[bookmark: _Hlk109290555]Potential added value of SPARRA symptoms over autoantibody status
To test whether the items from the SPARRA prediction model had additional predictive value over autoantibody data, the SPARRA symptoms (combined model) were added to a prediction model consisting of autoantibody items: 1) RF and ACPA negative, 2) RF negative, ACPA < 3x ULN, 3) RF negative, ACPA > 3x ULN, 4) RF and ACPA positive. Next, the LR test for comparison of nested models was used to compare models. The extended model in which the SPARRA prediction model items were included showed added value over the autoantibody prediction model (change from previous model p< 0.001; supplementary file 6).

The sensitivity analyses without including first degree relatives showed no major impact on any of the above outcome and did not change the overall results (supplementary file 7).

DISCUSSION
In an international cohort of at-risk individuals, four symptoms were predictive for future clinical arthritis development: joint swelling, joint pain moving from one side of the body to the other (combined group only), feeling pins and needles or tingling sensations in the joints, and often feeling fatigued (predicting non-arthritis). 

To identify individuals who will develop RA in the future, the European League Against Rheumatism (EULAR) study group for risk factors of RA recommended identification of symptoms in arthralgia patients which can facilitate the development of prediction tools(1). Following this, the Clinically Suspect Arthralgia (CSA) criteria were designed(21): a combination of clinical features assessed by rheumatologists, that performed well in identifying patients who were considered to be at risk of RA(17). However, given the substantial diversity of symptoms in the at-risk phase, studies also need to include symptoms and signs experienced by patients to retrieve new insights(4). The current study indicates that other symptoms may help differentiate between preclinical arthritis patients and non-specific arthralgia patients. 
A history of joint swelling and migratory pain are known risk factors for arthritis development, as confirmed in previous studies(3, 6, 9). However, the frequency and pattern of these symptoms could provide extra information. In seronegative individuals, joint swelling ≤5 days per month may not be suspicious for arthritis development, while in seropositive individuals, any joint swelling is likely to be predictive. For all at-risk individuals, joint pain moving from side to side seems indicative for arthritis development, in contrast to pain moving up and down the body (Supplementary file 2). Sensations of pins and needles or tingling sensations in joints have been reported by at-risk individuals in qualitative studies(6) but not before in quantitative studies. Since all SPARRA symptoms are self-reported, it is difficult to determine the cause. Interestingly, carpal tunnel syndrome, resulting in sensations of pins and needles, was reported more frequently in RA patients prior to diagnosis(22, 23). Moreover, peripheral neuropathy is a known extra-articular manifestation of RA and paresthesia’s have been reported by RA patients(24). The sensation of pins and needles in at-risk individuals might indicate neuropathies prior to arthritis diagnosis. Future research into prevalence and patterns of peripheral neuropathy in at-risk individuals is needed to test this hypothesis and could possibly add to our understanding of its etiology in the context of RA(25, 26). 
In contrast to the first three symptoms, often feeling fatigued predicted non-arthritis development. Fatigue is a core symptom of fibromyalgia, together with widespread musculoskeletal symptoms(27, 28) and the presence of frequent fatigue (>50% of all days) in an arthralgia population may indicate (being at risk of) fibromyalgia rather than an RA-risk. Future studies are needed to test whether SPARRA symptoms can differentiate fibromyalgia patients from preclinical arthritis patients.

In clinical practice, seronegative RA patients are essentially indistinguishable from their seropositive counterparts at baseline presentation(29, 30). The SPARRA prediction models were similar in the combined group and the seropositive subgroup. However, since the seropositive group was larger (70%), it dominated the combined group model, making differences between the two groups more difficult to detect. In addition, univariate analyses in the seronegative group showed two different symptoms that may contribute to RA prediction in this group. Unfortunately, the number of seronegative patients was insufficient for prediction model analysis. Therefore, future research is needed to explore symptoms in the preclinical phase of seronegative RA, with a SPARRA prediction model being developed in a large, seronegative only subgroup.

Our results suggest that the SPARRA symptoms may have added value over the RA-specific antibody status for predicting arthritis. Next, the added value of the SPARRA prediction model over other previously created clinical prediction models(13-15) should be assessed. In addition, the SPARRA model can be applied if the patient’s antibody status is unknown, in contrast to the previously created prediction models, which all include RF and ACPA antibody status. Therefore, the SPARRA questionnaire might specifically be valuable in the primary care setting to help optimize the selection of patients in whom to determine autoantibodies. Primary care patients commonly self-report symptoms that may be suggestive of inflammatory arthritis(10) and the importance of tools to direct management pathways in primary care is on the research agenda(3). Since this is a different population than the one presently studied, a new prediction model will have to be created specifically for this setting which may differ from the current model. Additionally, the discriminative ability of the current SPARRA model indicates that it should be combined with other characteristics for optimal discrimination. We suggest future research to create a SPARRA model optimized for use in primary care.
Finally, it should be considered whether the trajectory of symptoms assessed here could improve arthritis prediction. Retrospective studies examining frequency of primary care consultation showed that the number of visits increase as an RA diagnosis approaches(23). This suggests an increase in frequency, severity or impact of symptoms prior to RA. Additionally, a prospective study of clinically suspect arthralgia patients showed that 33% of at-risk individuals that did not progress to RA, had complete resolution of symptoms after two years(31). Changes in symptoms measured by the SPARRA questionnaire over time might differentiate between imminent arthritis development and non-specific symptoms. Longitudinal studies into symptom changes before arthritis development are needed. 

A strength of this study is that we used a large population of at-risk individuals from several European cohorts. Additionally, the prospective design of the study excludes recall bias which is a limitation in most studies on symptoms in the at-risk phase of RA.
A limitation of our study is that some of the participants who completed the baseline SPARRA questionnaire did not complete their follow-up, resulting in missing data on arthritis development and exclusion from the analyses. However, the percentage of missing data was small (<10%) and the baseline characteristics were overall similar. Another limitation is our sample size, which may have been underpowered for the subgroup analysis and was underpowered to assess the added value of the SPARRA prediction models over other previously created clinical prediction models. Additionally, given the low numbers of arthritis cases, the number of seronegative patients was insufficient for prediction model analysis. Finally, all available data had been used to create the prediction models, introducing a risk of overfitting. Given the number of arthritis events, combined with the heterogeneity of self-reported symptoms, all cases needed to be included to ensure optimal discriminative ability. However, bootstrap analysis were performed and showed similar results. Next, the model needs to be externally validated in (a) different at-risk cohort(s).

CONCLUSION
In conclusion, specific symptom details such as pattern of joint pain, frequency of joint swelling, presence of tingling sensations and frequency of feeling fatigued can provide useful additional information to estimate a person’s risk of developing clinical arthritis. Differences in predictive symptoms between seropositive and seronegative at-risk individuals need to be further investigated. 
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Table 1 Baseline characteristics
	
	Total
(n=214)
	Netherlands (n=118)
	UK
(n=76)
	Sweden (n=13)
	Switzerland (n=7)

	Age, mean (SD)
	50 (13)
	51 (13)
	48 (14)
	53 (14)
	55 (11)

	Female
	144 (67)
	76 (64)
	50 (66)
	12 (92)
	6 (86)

	FDR with RA
	54 (25)
	23 (20)
	22 (29)
	2 (17)
	7 (100)

	Current smoking
	33 (15)
	21 (18)
	10 (13)
	1 (8)
	1 (14)

	TJC44, median (IQR)
	1 (0-6)
	0 (0-2)
	7 (2-16)
	ND
	0 (0-3)

	VAS pain, median (IQR)
	35 (9-62)
	25 (1-48)
	54 (25-74)
	38 (18-68)
	ND

	VAS patient global assessment, median (IQR)
	34 (4-56)
	23 (1-50)
	46 (15-68)
	33 (15-63)
	ND

	RF neg, ACPA neg
	64 (30)
	14 (12)
	50 (66)
	0 (0)
	0 (0)

	RF pos, ACPA neg
	52 (24)
	45 (38)
	8 (11)
	0 (0)
	1 (14)

	ACPA pos, RF neg
	43 (20)
	23 (20)
	8 (11)
	6 (46)
	6 (86)

	ACPA pos, RF pos
	55 (26)
	36 (31)
	13 (17)
	7 (54)
	0 (0)

	Clinical arthritis development
	58 (27)
	23 (20)
	26 (34)
	7 (54)
	2 (29)

	Months until arthritis, median (IQR)
	7 (6-18)
	11 (3-17)
	6 (6-14)
	15 (5-29)
	NA


Numbers are n (%) unless otherwise stated.
ACPA: anticitrullinated protein antibodies, FDR: first degree relative, RF: rheumatoid factor, TJC44: tender joint count of 44 joints, UK: United Kingdom, VAS: visual analogue scale
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	Combined group
n=214
	Seropositive subgroup
n=150

	
	HR
	95% CI
	p
	HR
	95% CI
	p

	Over the past month how many days have you had swelling in your joints?
	
	
	
	
	
	

	0-5 days 
	REF
	
	
	
	
	

	6-30 days
	2.9
	1.7; 5.1
	<0.001
	
	
	

	0 days 
	
	
	
	REF
	
	

	≥ 1 days
	
	
	
	3.3
	1.7; 6.3
	<0.001

	Does your joint pain move from one side of the body to the other?
	
	
	
	
	
	

	No 
	REF
	
	
	
	
	

	Yes
	2.6
	1.5; 4.6
	0.001
	
	
	

	Over the past month how many days have you had pins and needles or tingling sensations?
	
	
	
	
	
	

	0 days 
	REF
	
	
	REF
	
	

	≥ 1 days
	1.9
	1.1; 3.3
	0.029
	2.2
	1.2; 4.2
	0.017

	Over the past month how many days have you had fatigue?
	
	
	
	
	
	

	0 days 
	REF
	
	
	REF
	
	

	1 to 5 days
	0.44
	0.19; 1.0
	0.047
	0.44
	0.16; 1.2
	0.103

	6 to 15 days
	0.46
	0.21; 1.0
	0.048
	0.51
	0.20; 1.3
	0.143

	16 to 30 days
	0.35
	0.17; 0.7
	0.003
	0.39
	0.17; 0.86
	0.019





Table 3 SPARRA prediction model risk scores
	Symptom
	Combined group
	Seropositive subgroup

	Over the past month how many days have you had swelling in your joints?
	> 5 days
	2 points
	≥ 1 day
	2 points

	Does your joint pain move from one side of the body to the other?
	If yes
	2 points
	
	

	Over the past month how many days have you had pins and needles or tingling sensations?
	≥ 1 day
	1 point
	≥ 1 day
	2 points

	Over the past month how many days have you had fatigue?
	0 days
1 to 5 days
6 to 15 days
16 to 30 days
	2 points
0 points
0 points
0 points
	0 days
1 to 5 days
6 to 15 days
16 to 30 days
	2 points
0 points
1 point
0 points


 

Figure legends

Figure 1 Kaplan Meier plot of clinical arthritis development
a. Combined group; b. Stratified for autoantibody positivity

Figure 2 Kaplan Meier plot of SPARRA prediction model risk categories
a. Combined group model; b. Seropositive subgroup model
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