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Abstract

Background: The recent mpox outbreak has disproportionately affected people with HIV 

(PWH) and resulted in the first widespread use of the novel antiviral tecovirimat. It is unknown 

whether there are differences in treatment outcomes for PWH compared to individuals without 

HIV.

Objective: To compare the clinical presentation and treatment outcomes of PWH and HIV-

negative persons with mpox virus (MPXV) treated with tecovirimat.

Design: Retrospective cohort study of individuals treated with tecovirimat for confirmed mpox 

infection from June to August 2022.

Setting: Two academic medical centers in New York City.

Participants: 196 persons treated with tecovirimat from June 20 to August 29, 2022. Of 154 

testing positive for MPXV, 73 were PWH, and 4 had a CD4 count <200 cells/μL.

Measurements: Patient demographic characteristics, clinical presentation, treatment outcomes, 

and safety data for tecovirimat.

Results: Indications for tecovirimat treatment were similar between the PWH and HIV-negative 

groups. Four individuals experienced serious adverse events; none were attributed to tecovirimat. 

Three of these four participants had HIV and two had CD4 counts <200 cells/μL. 23% of 

all participants experienced non-severe side effects. Groups had similar rates of hospitalization, 

indications for treatment, and co-occurring infections, but PWH had fewer days from symptom 

onset to treatment (7.5 vs. 10). There was no difference in treatment outcomes including days to 

improvement or rate of persistent symptoms.
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Limitation: Patients with MPXV who were not treated with tecovirimat were not followed 

routinely and therefore lacked comparable outcome data, limiting evaluation of efficacy.

Conclusion: In our cohort of patients treated with tecovirimat for severe mpox, HIV status did 

not appear to affect treatment outcomes.

Introduction

Mpox virus (MPXV) is a zoonotic orthopox DNA virus in the same genus as smallpox, 

originally described in 1958 among laboratory monkeys and first recognized to cause human 

infection during the 1970s in the Democratic Republic of Congo. Since discovery, there 

have been multiple documented outbreaks, primarily within countries of sub-Saharan Africa 

with a history of MPXV infections, with cases in other countries generally tied to travel or 

importation of infected animals (1). In May of 2022 a new outbreak emerged in Europe, 

which has since developed into a multi-national public health emergency.

The epidemiology of the current outbreak differs significantly from prior instances in that 

mpox infection is occurring almost exclusively among men who have sex with men, and has 

been associated with significant rates of coincident sexually transmitted infections (2-4). In 

addition to known skin-to-skin and respiratory transmission, MPXV has been identified in 

semen as well as fecal/rectal specimens, suggesting the potential for infection via exposure 

to bodily fluids (5, 6). This may occur in both symptomatic and asymptomatic individuals 

given MPXV has been found on rectal samples of asymptomatic men who have sex with 

men (7, 8).

Persons with HIV (PWH) are disproportionately affected, with between 35-47% of mpox 

cases occurring in individuals with concurrent HIV infection in large case series (4, 9-13), 

with the major caveat that ascertainment bias from conducting studies in dedicated HIV 

care settings may have played a role. At this time, it is unclear to what degree HIV acts 

as an independent risk factor for mpox acquisition, though emerging data suggest that 

uncontrolled HIV is a risk factor for developing severe disease(14). A study examining 

the 2017-2018 MPXV outbreak in Nigeria noted higher mortality rates in PWH, however, 

these individuals had a high prevalence of AIDS (15). This finding has not been reproduced 

in the recent outbreak, potentially due to high rates of HIV treatment adherence and viral 

suppression (3, 10). A recent CDC report noted higher rates of hospitalization among HIV-

positive individuals infected with MPXV, but data regarding determinants of the decision for 

hospitalization was not reported (10).

For individuals presenting with severe mpox symptoms or elevated risk for progression to 

severe disease, the CDC has recommended offering treatment with tecovirimat under an 

NIAID-funded clinical trial, Study of Tecovirimat for Human Mpox Virus (STOMP) or 

an Expanded Access Investigational New Drug (EA-IND) protocol (16). This medication, 

originally developed and approved for treatment of smallpox, has been widely used in the 

current outbreak (17). Reports to date have noted that tecovirimat appears well-tolerated, 

with only mild side effects, and that treated individuals have high rates (>90%) of complete 

symptom resolution by the end of therapy (18-20).
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Despite increasing literature regarding mpox infection among PWH, including safety and 

clinical outcomes of tecovirimat treatment, no studies to date compare treatment outcomes 

among PWH to those of HIV negative individuals. Our study examines differences in 

demographics, clinical presentation, co-occurring infections, treatment safety, and clinical 

outcomes among patients treated with tecovirimat with and without HIV.

Methods

We conducted a retrospective cohort study of adults initiated on tecovirimat for MPXV 

under the CDC EA-IND protocol at New-York Presbyterian’s Weill Cornell Medical Center 

and New-York Presbyterian’s Columbia University Medical Center between June and 

August 2022.

Our study population included all individuals who initiated treatment with tecovirimat based 

on CDC eligibility guidelines. We excluded individuals without available confirmation of 

MPXV infection from all analyses except for safety outcomes. Confirmed MPXV infection 

was defined as a positive PCR from any of the following sources: 1) internal hospital lab 

testing, 2) send-out testing from commercial laboratories, 3) specimens sent to the CDC 

under the EA-IND protocol, 4) New York City Department of Health testing, 5) test results 

from outside facilities provided by the patient during the course of the study.

The CDC Central Institutional Review Board (11) approved the EA-IND protocol, and 

informed consent for tecovirimat treatment was carried out in accordance with their 

guidelines. The Columbia University IRB and the Biomedical Research Alliance of New 

York IRBs (the latter under a reliance agreement with the Weill Cornell Medicine IRB) 

approved this retrospective study, waiving the requirement for informed consent.

CDC treatment and reporting protocols changed over the duration of this case series. The 

original protocol required visits both during treatment, and after treatment completion, but 

an amended protocol dated July 20, 2022 required only one follow up either during or after 

treatment. Treatment initiation and follow up visits took place in-person in both the inpatient 

and outpatient settings, as well as via telehealth. Only individuals completing at least one 

follow up visit were included for analysis of safety outcomes, time until initial improvement, 

and presence of new lesions at 48 hours. Those completing a post-treatment follow up visit 

were included for analysis of the aforementioned outcomes plus additional clinical outcome 

measures, including resolution of pain at the end of treatment and any persistent symptoms.

Using the CDC EA-IND case report forms as well as other clinical documentation from 

the electronic health record, we collected demographic data including age, sex assigned 

at birth, gender identity, race/ethnicity, gender of sex partners, number of sex partners in 

the preceding month, HIV pre-exposure prophylaxis (PrEP) usage, HIV status (most recent 

viral load and whether CD4 count was currently <200 cells/μL), concomitant sexually 

transmitted infection (STI) diagnosis (both in prior two weeks before tecovirimat initiation 

and at initial study visit). Other data collected included indication for tecovirimat treatment, 

initial MPXV symptoms, presence of prodrome, anatomic distribution of skin lesions, total 

number of lesions, presence of bacterial superinfection, and need for specialty consultation. 
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At follow up visits, data collected included days until first sign of improvement on therapy, 

whether new lesions appeared within 48 hours of treatment initiation, whether pain and other 

symptoms were resolved by end of treatment, and adverse events. All data were manually 

abstracted into a REDCap (21) database from the EHR by study authors (JM, KS) with 

quality monitoring by senior authors (JZ, MJG).

Statistical methods

We performed a descriptive analysis of the presentation and outcomes of mpox patients 

treated with tecovirimat. Quantitative variables were reported as medians with interquartile 

range, and categorical variables as percentages of the total cohort. Differences between 

the groups of individuals with HIV and those without were described standardized mean 

differences for demographic and outcome data. Instances in which the absolute value of 

the SMD is greater than 0.10 are commonly interpreted to represent significant differences 

between groups, although this cutoff is arbitrary. Prevalence ratios were calculated for 

setting, timing, and treatment indication, as well as clinical outcomes, and adjusted for age 

and race/ethnicity. Prevalence ratios and standardized mean difference were not calculated 

in instances where proportions were identical or categories contained zero individuals. 

Statistical analysis was performed using R software version 4.2.1 (22).

Role of the Funding Source

The funding source had no role in the study design; collection, analysis, or interpretation 

of data; writing of the report; nor the decision to submit the manuscript for publication. 

The content is solely the responsibility of the authors and does not necessarily represent the 

official views of the National Institutes of Health.

Results

196 patients initiated treatment with tecovirimat. Of these 42 either tested negative for 

MPXV, or did not have available confirmation of a positive test. Of the 154 treated 

individuals with confirmed MPXV, 72 were PWH, and 82 were HIV-negative. 134 

completed at least one follow up visit, and 88 completed a post-treatment follow-up.

There were a similar number of patients with and without HIV infection. All individuals 

were assigned male sex at birth, and only one patient reported female gender identity. 

Only two patients reported that their partners were exclusively women. PWH were older, 

and more likely to identify as Black or Hispanic. Of those with HIV, 14 had a viral load 

greater than 1000 copies/mL or CD4 count less than 200 cells/mm3. 70% of HIV-negative 

individuals reported taking HIV PrEP at the time of their initial visit.

Slightly more than half of individuals reported experiencing a prodrome, defined as fever, 

fatigue, malaise, lymphadenopathy, or other systemic symptoms prior to the development 

of skin lesions. While PWH were more likely to report skin lesions, fever or diarrhea on 

day one of illness, those without HIV were more likely to experience a prodrome and 

to develop additional symptoms including dysuria, odynophagia, dizziness, arthralgias, or 

lymphadenopathy (Supplemental Table 1). PWH were less likely to have exam findings 
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including lymphadenopathy, pharyngitis, abdominal tenderness, penile discharge and anal 

discharge. Rates of co-incident STI were greater among individuals without HIV (38% vs 

26%, SMD 0.26). The incidence of bacterial superinfection was overall high (33%), and 

slightly greater among patients without HIV (37% vs 31%, SMD −0.11) (Supplemental table 

2).

The setting of treatment initiation was similar in both groups. Time from symptom onset to 

treatment initiation was shorter in PWH (7.5 vs 10 days) with a PR of an interval greater 

than 8 days of 0.56 (95% CI 0.38-0.80). This difference persisted when comparing PWH 

to HIV-negative individuals taking PrEP (7.5 days vs. 10 days, PR >8 days 0.65, 95% CI 

0.45-0.84). Indications for treatment were similar between groups with the exception being 

indications related solely to HIV, and the most common being proctitis.

Overall, the incidence of adverse events was low. Of the four individuals experiencing 

serious adverse events during the study, all were deemed unlikely to be related to tecovirimat 

by the study investigators and treating clinicians. One patient had tecovirimat discontinued 

due to the appearance of a morbilliform drug rash ultimately attributed to trimethoprim-

sulfamethoxazole. One patient experienced a GI bleed from an unclear source, another 

developed a bacterial superinfection of an anorectal ulcer, and one developed grade 4 

transaminase elevation felt to be due to newly diagnosed acute HIV. In the case of the 

last patient, transaminase levels improved while tecovirimat was continued. Of these four 

patients, three were PWH and two had CD4 counts <200 cells/μL. Of the milder side 

effects, headache was the most common, followed by nausea and abdominal discomfort. 

The majority of individuals (148 of 197, 75%) reported no side effects. Two patients 

discontinued tecovirimat early due to mild side effects, one due to diarrhea and one due to 

palpitations.

Overall, treatment outcomes were similar between those with and without HIV. PWH started 

treatment 3 days sooner than HIV-negative patients, but both groups reported improvement 

with similar rapidity. The overwhelming majority of patients were pain-free at the end of 

the treatment period, with no difference between PWH and HIV-negative individuals. The 

majority of those reporting persistent symptoms at the end of the treatment period had 

incompletely healed skin lesions/ulcers at any body site. Rates of persistent symptoms did 

not vary by HIV status. Specialty consults were requested most often from dermatology, 

colorectal surgery, and urology, with no difference between groups.

Discussion

During the 2022 outbreak, MPXV infections have predominately affected MSM, with a 

disproportionate number of those infected also living with HIV. Tecovirimat, the agent most 

used for treatment, is being studied for efficacy against MPXV in randomized, controlled 

trials in humans (including the NIAID-funded STOMP trial), but results are not yet available 

(19). Anecdotal data supporting efficacy and safety has thus far relied exclusively on 

case series. To our knowledge, there are no published data comparing treatment outcomes 

between individuals with and without HIV infection. In this preliminary study, we report 

safety data for 197 individuals who received tecovirimat, and compared clinical presentation 
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and treatment outcomes in 154 patients with confirmed MPXV treated with tecovirimat 

with and without HIV. We found no major differences in clinical presentation and treatment 

outcomes between the two groups.

Similar to other US data, patients in this report were almost exclusively men. PWH were 

slightly older (mean 39 vs 32 years), as in the largest US report (11). PWH were more 

likely than HIV-negative patients to identify as Black or Hispanic, which reflects both the 

disproportionate burden of HIV in these groups as well as the underlying demographics 

of patients receiving HIV care at Columbia University Medical Center and Weill Cornell 

Medical Center.

In this study PWH were more likely to report skin lesions, fever and diarrhea on day one of 

illness, while those without HIV were more likely to experience a prodrome and to develop 

additional symptoms or exam findings, including lymphadenopathy. This discrepancy in 

lymphadenopathy was also noted in a large US case series (10), but not in a similar German 

report (9). The significance of this difference is unclear, but it may contribute to diagnostic 

uncertainty in PWH between MPXV and herpesviruses such as HSV and VZV, which do 

not typically present with enlarged lymph nodes. Treatment eligibility criteria aside from 

HIV infection were not substantially different between groups, suggesting that severe mpox 

disease may present similarly between groups.

Prior reports suggest that PWH are hospitalized with MPX at higher rates than HIV negative 

individuals. There were no apparent differences in hospitalization rates in our cohort, but 

this may have been affected by the very low proportion of individuals in our cohort 

with CD4 count less than 200 cells/μL. Additional study comparing disease severity and 

therapeutic decision making between PWH with low CD4 and others with mpox is needed.

As in other reports, tecovirimat was well-tolerated in our case series, with no serious 

adverse events attributed to the medication. Rates of non-severe side effects in our series 

were similar to those reported from an initial series in California (18), but substantially 

higher than those noted by the CDC (20). This was likely due to our abstraction of all 

provider documentation rather than only the outcomes forms used by the CDC. Some 

symptoms noted as side effects (e.g. fatigue/malaise) are also symptoms of infection, and 

therefore attribution to medication alone is difficult. Regardless, we believe that our study 

adds substantially to the body of knowledge regarding patient experience with tecovirimat 

therapy, and can help inform patient counseling during treatment initiation.

Finally, individuals in this series had similar treatment outcomes regardless of HIV status. 

As in other reports, almost all patients experienced complete resolution of pain by the end 

of treatment. Skin lesions developing more than 48 hours after starting tecovirimat and 

persistent skin lesions after completing therapy were similarly uncommon among PWH and 

HIV-negative patients. Among those with persistent symptoms, all were noted to be in the 

process of healing at the time of treatment completion.

Individuals with HIV started tecovirimat sooner than those without HIV. Notably, this 

difference persisted when comparing PWH to HIV-negative individuals taking PrEP, 

suggesting that the difference was not driven by unequal access to care. It is unclear whether 
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these shorter times to treatment initiation may have masked differences in outcomes. 

Those who started treatment earlier in the course of disease may have experienced faster 

symptom resolution—extrapolating from what is known about antiviral treatment of other 

acute infections—but those who started tecovirimat later could also have had relatively 

shorter times to full symptom resolution if their symptoms had already begun to improve. 

Additional studies to demonstrate the effect of tecovirimat on disease progression and to 

more closely track the timeline of symptom resolution are needed.

There are several limitations to our study. First, there was no control group of patients 

infected with MPXV who did not take tecovirimat. Those individuals diagnosed with MPXV 

who did not receive treatment were not followed routinely for clinical outcomes, which 

limited our ability to draw conclusions about therapeutic efficacy. In addition, some of the 

patients in this study were lost to follow up before completing their on-treatment or post-

treatment follow-up visit, which reduced our safety and clinical outcomes data. In particular, 

data on time to resolution of rash missing for all but 7 individuals. The comparisons between 

PWH and individuals without HIV may have also been affected by selection bias, since 

merely having HIV could have been interpreted as a treatment indication in the CDC 

expanded access program. However, only 3 patients with HIV received treatment in the 

absence of another indication. Last, the majority of PWH in our study had well-controlled 

disease, with viral loads <1000 copies/mL and CD4 > 200 cells/mm3, so our insight into the 

effect of advanced HIV on clinical presentation and outcomes of MPXV was limited.

While it remains unclear how the incidence and demographic features of the current mpox 

outbreak will develop going forward, the current scenario requires better understanding of 

both disease and treatment in those individuals who bear the greatest burden of disease to 

date – primarily MSM and PWH. Tecovirimat is a promising treatment whose efficacy will 

hopefully be borne out in future rigorous studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Study flow diagram
PWH: people with HIV, MPXV: mpox virus
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Table 1.

Demographic characteristics of patients with confirmed Mpox Virus Infection treated with tecovirimat

Overall
(N = 154)

n, %

PWH
(N= 72)

n, %

HIV
Negative
(N= 82)

n, %

Unadjusted
Standardized

Mean Difference

Age (median, Q1, Q3) 35 (30, 42) 39 (33, 46) 32 (29, 36) 0.86

Sex at Birth

Male 154 (100%) 72 (100%) 82 (100%) -

Gender Identity

Male 120 (99%) 63 (98%) 57 (100%) −0.18

Gender(s) of Sex Partners

Men 136 (94%) 66 (100%) 70 (90%) 0.48

Women 2 (1.4%) 0 (0%) 2 (2.6%) −0.23

Men and Women 6 (4.2%) 0 (0%) 6 (7.7%) −0.41

Race/Ethnicity

Non-Hispanic white 50 (33%) 17 (24%) 33 (41%) −0.36

Non-Hispanic Black 40 (26%) 26 (37%) 14 (17%) 0.46

Hispanic/Latino 37 (25%) 21 (30%) 16 (20%) 0.24

Other 24 (16%) 6 (8.6%) 18 (22%) −0.39

Uncontrolled HIV (CD4 < 200 or VL > 1000) 14 (9.1%) 14 (19%) NA -

CD4 <200 4 (2.6%) 4 (5.6%) NA -

Taking PrEP 57 (37%) 0 (0%) 57 (70%) -

PrEP: HIV pre-exposure prophylaxis, VL: viral load, NA: Not applicable
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Table 2:

Setting, timing, and treatment indication of patients with confirmed mpox virus infection treated with 

tecovirimat

Overall
(N = 154)

n, %

PWH
(N = 72)

n, %

HIV
Negative
(N = 82)

n, %

Unadjusted
Prevalence

Ratio
95% CI

Adjusted
Prevalence

Ratio∥
95% CI

Setting

Outpatient 138 (90%) 61 (85%) 77 (94%) - -

Inpatient 16 (10%) 11 (15%) 5 (6.1%) 1.56 [0.98, 2.16] 1.4 [0.91, 1.90]

Days from symptom onset to treatment 
initiation (median, Q1, Q3) 8.0 (6.0, 12.0) 7.5 (5.0, 11.0) 10.0 (7.0, 12.0) - -

>8 days from symptom onset to treatment 75 (49%) 25 (35%) 50 (61%) 0.56 [0.38-0.80] 0.59 [0.40,0.80]

Treatment Indication

Proctitis or rectal lesions 80 (52%) 34 (47%) 46 (56%) 0.83 [0.59, 1.16] 1.01 [0.69, 1.33]

Other anatomically sensitive or confluent lesions * 36 (23%) 22 (31%) 14 (17%) 0.76 [0.46, 1.27] 1.05 [0.09, 2.00]

Lesions involving urethra 22 (14%) 7 (9.7%) 15 (18%) 0.65 [0.30, 1.11] 0.86 [0.41, 1.30]

Uncontrolled HIV (CD4<200 OR VL not 
suppressed) 8 (5.2%) 8 (11%) 0 (0%) - -

Hospitalized for mpox 2 (1.3%) 2 (2.8%) 0 (0%) - -

Significant active exfoliative dermatologic 
conditions 1 (0.6%) 0 (0%) 1 (1.2%) - -

Other high-risk comorbidity† 1 (0.6%) 1 (1.4%) 0 (0%) - -

HIV positive (not uncontrolled) § 3 (2.1%) 3 (4.3%) 0 (0%) - -

*
Includes ocular lesions, facial lesions, and genital lesions not involving the urethra

†
Includes autoimmune conditions with immunosuppressive component and history of solid organ transplant

§
Centers for Disease Control eligibility guidelines initially listed HIV infection without specifying advanced disease as a potential indication for 

treatment for mpox.

∥
Adjusted for age and race/ethnicity
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Table 3.

Adverse events reported by patients with or without confirmed mpox virus infection who initiated tecovirimat

Overall
(N = 196)

n, %

Serious Adverse Event 4 (2.0%)

No reported side effect 148 (75%)

Headache 12 (6.1%)

Nausea 10 (5.1%)

Abdominal discomfort 8 (4.1%)

Diarrhea 5 (2.5%)

Fatigue or drowsiness 5 (2.5%)

Anorexia 4 (2.0%)

Chest discomfort or palpitations 4 (2.0%)

Dizziness 3 (1.5%)

Rash 2 (1.0%)

Paresthesia 2 (1.0%)

Other ** 14 (7.1%)

**
Other side effects included diaphoresis, flushing, insomnia, pruritis, low back pain, thirst, and “brain fog”
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Table 4.

Outcomes from initial and post-treatment follow up visits

Outcomes from initial
follow-up visit

Overall
(N = 134)

n, %

PWH
(N = 58)

n, %

HIV Negative
(N = 76)

n, %

Unadjusted
Prevalence

Ratio
[95% CI]

Adjusted
Prevalence

Ratio*
95% CI

Days until first improvement (median, Q1, 
Q3) 2.00 (1.00,3.75) 2.00 (1.00,3.00) 2.00 (2.00,4.00) - -

New lesions after 48 hours 22 (18%) 8 (15%) 14 (20%) 0.80 [0.32-1.27] 0.94 [0.53, 1.35]

Required additional specialty consult 18 (15%) 9 (18%) 9 (13%) 1.25 [0.60, 1.90] 1.1 [0.49, 1.70]

Outcomes from post-
treatment follow-up

visit

Overall
(N = 88) 

n, %

PWH
(N = 33)

n, %

HIV Negative
(N = 55)

n, %

Unadjusted
PR

[95% CI]

Adjusted
Prevalence

Ratio*
95% CI

Pain resolved at end of treatment 73 (90%) 27 (96%) 46 (87%) 2.96 [0.46, 18.96] 1.1 [0.49, 1.70]

Any persistent symptom at end of 
treatment 26 (32%) 7 (24%) 19 (36%) 0.69 [0.19, 1.18] 0.73 [0.28, 1.18]

Skin lesions 13 (15%) 5 (15%) 8 (15%) 1.03 [0.26, 1.80] 1.0 [0.43, 1.58]

Rectal pain 7 (8.0%) 1 (3.0%) 6 (11%) 0.36 [0.06, 2.26] 0.54 [0.13, 2.29]

Fatigue/malaise 3 (3.4%) 0 (0%) 3 (5.5%) - -

Anal bleeding or discharge 2 (2.3%) 0 (0%) 2 (3.6%) - -

Anal fissure 2 (2.9%) 0 (0%) 2 (4.3%) - -

Dysuria 1 (1.1%) 0 (0%) 1 (1.8%) - -

Other 3 (3.4%) 1 (3.0%) 2 (3.6%) 0.89 [0.17, 4.49] 1.16 [0.36, 3.62]

*
Adjusted for age and race/ethnicity
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