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ABSTRACT

Background

While the COVID-19 diagnostic test has a high false negative rate, not everyone initially negative is re-tested. 

Michigan Medicine, a primary regional center, provided an ideal setting for studying testing patterns during the 

first wave of the pandemic.

Objectives

To identify the characteristics of patients who underwent repeated testing for COVID-19 and determine if 

repeated testing was associated with downstream outcomes among positive cases.

Methods

Characteristics, test results, and health outcomes for patients presenting for a COVID-19 diagnostic test were 

collected. We examined whether patient characteristics differed with repeated testing and estimated a false 

negative rate for the test. We then studied repeated testing patterns in patients with severe COVID-19 related 

outcomes.

Results                                                                                                                       

Patient age, sex, body mass index, neighborhood poverty levels, pre-existing Type 2 diabetes, circulatory, 

kidney, and liver diseases, and cough, fever/chills, and pain symptoms 14 days prior to a first test were 

associated with repeated  testing. Among patients with a positive result, age (OR: 1.17; 95% CI: (1.05, 1.34)) 

and pre-existing kidney diseases (OR: 2.26; 95% CI: (1.41, 3.68)) remained significant. Hospitalization (OR: 

7.88; 95% CI: (5.15, 12.26)) and ICU-level care (OR: 6.93; 95% CI: (4.44, 10.92)) were associated with 

repeated testing. The estimated false negative rate was 23.8% (95% CI: (19.5%, 28.5%)).

Conclusions

While most patients were tested once and received a negative result, a meaningful subset underwent multiple 

rounds of testing. These results shed light on testing patterns and have important implications for understanding 

the variation of repeated testing results within and between patients.
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INTRODUCTION

On March 10, 2020, the first two positive novel coronavirus (COVID-19) cases were identified in the state of Michigan.1 

A state of emergency was promptly declared on the same day, and a Gubernatorial stay-at-home order went into effect on 

March 23.2 In the ensuing months, state-wide case counts would show a peak, followed by a steady decline.3 However, 

such case reporting reflects a non-probabilistic sample of truly infected individuals, as it depends on who underwent 

testing. Moreover, these COVID-19 diagnostic tests are estimated to have poor sensitivity (70-85%),4 and the availability 

of tests and the guidelines surrounding them also changed over time, with the gradual relaxation of testing criteria and a 

large-scale expansion on May 26 prior to reopening the economy in the state of Michigan.5 As such, it is important to 

understand who has been tested for COVID-19 and, in particular, who has been tested multiple times. Michigan Medicine, 

being one of the primary regional health centers accepting COVID-19 cases from throughout the state, provided an ideal 

setting for studying COVID-19 testing patterns. 

In this paper, we are particularly interested in characterizing who has been tested for active COVID-19 infection 

more than once. There are five major clinical reasons that may prompt a repeated test. First, individuals have a high pre-

test probability of disease and an initial negative test result, prompting a re-test. Second, individuals exhibited COVID-19 

symptoms, tested negative initially, then were tested again due to further developing symptoms. Third, individuals tested 

positive and then required repeat tests to demonstrate they are now negative (the CDC guidelines suggest two pathways 

for ending self-isolation: a) self-isolation for 10 days after testing or b) two negative tests separated by 24 hours).6 Fourth, 

individuals tested positive and were hospitalized, then require a repeat test at the end of their disease course to confirm 

they are now negative. Finally, frontline healthcare and essential workers are tested repeatedly. Thus, it is important to 

study the intervals between two tests, quantify the duration of time a patient stays positive, and whether the tests were 

done inpatient or outpatient to fully understand repeated testing patterns. This study helps us to compare and contrast what 

happened in practice with the recommended guidelines.7 

Reverse transcription polymerase chain reaction (RT-PCR) is widely used for COVID-19 diagnostic testing. 

However, the sensitivity of RT-PCR has been shown to be 83.3% based on a study of 36 patients diagnosed with COVID-

19 at the Yichang Yiling Hospital.8 This indicates that diagnostic tests may produce false negative results, and should be 

repeated for improved accuracy. Peto also notes the importance of repeated testing and advocates for its use as UK’s 

COVID-19 lockdown exit strategy.9 Several studies have already included repeated testing in their analysis.10–12 To the 

best of our knowledge, this is one of the few studies that mention repeated testing in a patient cohort outside Wuhan, 

China and the Hubei province, where the virus was first documented. Further, no prior studies have focused exclusively 

on repeated testing for COVID-19 as an outcome with the goal of identifying factors associated with repeated testing. 

Specifically, the goals of this study were to (1) understand the pattern of repeated testing and the variation in test results 

for the same patient over time, (2) identify the characteristics of patients who underwent repeated testing for COVID-19 

and, (3) determine if repeated testing was explained through COVID-19 outcomes (say hospitalization) among positive 
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cases. (4) Using these repeated testing results, we then estimated an empirical “real world” false negative rate of the test 

and studied the associations of a false negative result with patient characteristics.

MATERIALS AND METHODS

Study Sample

This cross-sectional study was approved by the committee for research ethics and compliance at Michigan Medicine and 

followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guidelines. 

Study protocols were reviewed and approved by the University of Michigan Medical School Institutional Review Board 

(IRB ID HUM00180294). All COVID-19 susceptible patients presenting to Michigan Medicine and tested between March 

10 and June 4, 2020 were included in our analysis. Patient demographic and clinical characteristics, testing rates, test 

results, and health outcomes were collected from the electronic medical record (EMR) on June 24, 2020. Sequences of 

patient-specific diagnostic test results were derived from patient laboratory records.

Statistical Analyses

Frequency and Pattern of Testing

We described the pattern of repeated testing for COVID-19 in our study population. We summarized the frequency of 

daily tests performed between March 10 and June 4, 2020, as well as the distribution of test results by increasing severity 

of patient outcomes. We then examined sequences of results for patients tested multiple times to characterize within-

subject variation in test results and the return time for results between two successive tests, both inpatient and outpatient.

Associations of Repeated Testing with Patient Characteristics and Outcomes

We examined whether patient characteristics differed between those tested once and those tested multiple times. These 

characteristics included age (years), body mass index (BMI; kg/m ), sex (male, female, or other/unknown), race/ethnicity 2

(non-Hispanic white, non-Hispanic black, or other/unknown), smoking status (current/former, never, or unknown),  

indications of seven pre-existing comorbidities: respiratory diseases, circulatory diseases, any cancers, Type 2 diabetes, 

kidney diseases, liver diseases, and autoimmune diseases (1: yes or 0: no), and incidence of established COVID-19 

symptoms. Symptoms were established via a set of ICD-10 codes, which we broadly classified into four symptom 

categories: cough, fever/chill, loss of smell/taste, and body pain (Table S1). Symptom categories were coded as “1: yes” if 

any symptom in that category was reported within 14 days prior to initial presentation for a COVID-19 diagnostic test or 

“0: no”, otherwise. Neighborhood socioeconomic status (NSES) for each patient was also derived from the National 

Neighborhood Data Archive and included the proportion of the census tract population age 16+ in the civilian labor force 

who were unemployed, the proportion of the population with an annual income below the federal poverty level, and the 

proportion of adults with less than a high school diploma.13 Differences in these characteristics were compared using chi-
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squared tests for discrete and Wilcoxon rank-sum tests for continuous variables. In a fully adjusted logistic regression 

model, we regressed repeated testing (1: tested more than once or 0: tested once) on the independent predictors above. As 

loss of smell/taste was a rare event, this indication was excluded from these models.

We then explored whether patient prognoses were associated with repeated testing. Indicators for prognoses were 

considered sequentially in terms of severity. We first examined the relationship between the odds of repeated testing and 

testing positive. For the patients with at least one positive result, we studied whether hospitalization (post COVID-19 

diagnosis), admission to the ICU, or mortality were associated with repeated testing. For this association analysis we fit 

successive logistic regressions with various levels of confounder choices, namely: (a) unadjusted; (b) adjusted for age, sex, 

race/ethnicity, BMI, smoking status, and neighborhood population density; (c) adjusted for (b) and neighborhood 

unemployment, poverty, and education levels; (d) adjusted for (c) and a composite COVID-19 symptom score, which was 

constructed by summing over the four broad symptom indicators (0: presenting with no indications of COVID-19 

symptoms to 4: presenting with symptoms in all four categories); and (e) adjusted for (d) and a composite comorbidity 

score, which was constructed by summing over the seven prevalent comorbidities indicators (0: no comorbidities to 7: all 

seven comorbidities). Odds ratios and Wald-type 95% confidence intervals were reported for all logistic regression 

models. Associations were considered statistically significant at a significance level of 0.05. 

We restricted our study sample to patients with a positive test result in their medical history (tested once and 

confirmed positive or at least one positive result in a sequence of tests). Unadjusted and adjusted comparisons were 

repeated for this sub-sample. As part of our sensitivity analysis we also considered an ordinal outcome for repeated testing 

(tested once, tested 2-4 times, tested 5+ times).

Estimation of a False Negative Rate in Diagnostic Tests for COVID-19 

We observed considerable variability in successive test results among patients with repeated testing. Under the 

assumption that all test results should remain positive between two given positive tests within the study period, the 

number of negative tests that should be positive can be extracted and thereby used to estimate a crude false negative rate 

in diagnostic tests for COVID-19. This false negative rate was calculated as the proportion of negative tests between two 

positive tests among all patients with at least two positive tests and at least one other test between two positive tests. A 

large sample z-confidence interval for this proportion was derived. As this false negative rate could only be defined using 

data from patients with at least three tests (e.g. the result sequence “positive → negative → positive”), we restricted our 

target sample to patients with at least three tests for further analysis. We examined whether patient characteristics differed 

between those patients with at least one false negative and patients with no false negative results.A
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RESULTS

Frequency and Pattern of Testing

Figure 1 displays the daily patterns of COVID-19 testing (Panel A) and the proportion of patients who underwent repeated 

testing by patient outcome (Panel B). Between March 10 and June 4, 15,920 COVID-susceptible patients presented to 

Michigan Medicine, and 19,540 diagnostic tests were ordered. As expected, more tests were ordered on weekdays, and 

testing increased in April, commensurate with both increased community spread and test access. However, the proportion 

of positive results decreased substantially from April to June. It should be noted that testing policies changed during this 

time (e.g. an infectious disease consult was initially required). 

Most patients were tested once (13,596 patients; 85.4%) and never tested positive (14,753 patients; 92.7%). 

However, repeat testing occurred in a small, but meaningful, subset of patients (14.6%) with 10.2% tested twice, 2.5% 

tested thrice, up to five patients tested at least ten times (Figure 2). For the 2,324 patients with multiple tests, 5,944 tests 

were ordered (mean: 2.6 tests). Among these patients, 13.2% had at least one positive result, but 94.3% had an ultimately 

negative result. A noteworthy subset had consistent negative results (314 patients with three successive negative tests, 129 

with four, 35 with five, and 11 with six) and were likely essential workers, healthcare professionals, or patients requiring 

multiple aerosol-generating procedures. However, Figure 2 also displays the five patients tested at least ten times, 

demonstrating a high degree of variability for the test. For example, two patients each had 12 tests. Denoting a positive 

test as + and a negative test as -, these patients had result sequences of --+---+--+-- and ++++-++++-+-, 

respectively. All five patients were admitted to the hospital. Testing for four patients ended with two consecutive negative 

tests, based on CDC guidelines. The fifth patient had not yet been discharged. Additional observations on the frequency 

and pattern of testing are provided in the supplemental material.

Among patients with a positive result, the duration of positive disease status was defined as the period from the 

date that a patient was tested positive to the date that the patient was first tested negative and never tested positive 

afterward. According to our data, 175 patients reported a trajectory of positive status to negative status. The duration of 

this positive disease status was left-skewed with an average duration of 29 days, median duration of 28 days, and a range 

of 0 to 71 days (Figure S3). In a fully adjusted model, neighborhood poverty levels were positively associated with the 

duration of positive disease status; education levels and population density, as well as indications of prevalent circulatory 

and kidney diseases, were negatively associated with the duration of positive disease status (Table S6).

Association of Repeated Testing with Patient Characteristics

Coefficients (log-odds ratios) and Wald-type 95% confidence intervals from our logistic regressions are presented in 

Figure 3. Adjusting for all other patient characteristics, cough (OR: 1.56; 95% CI: (1.38 to 1.78)), fever/chills (OR: 1.60; 

95% CI: (1.35 to 1.92)), and pain symptoms (OR: 1.22; 95% CI: (1.08 to 1.40)) within 14 days of presentation for an 
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initial COVID-19 diagnostic test were significantly associated with a higher odds of undergoing repeated testing. 

Additionally, those with prevalent circulatory diseases (OR: 1.47; 95% CI: (1.21 to 1.81)), Type 2 diabetes (OR: 1.26; 95% 

CI: (1.11 to 1.45)), kidney diseases (OR: 1.96; 95% CI: (1.73 to 2.25)), and liver diseases (OR: 1.27; 95% CI: (1.10 to 

1.49)) had higher odds of additional testing. With respect to neighborhood socioeconomic status, higher neighborhood 

poverty levels were also associated with higher odds of repeated testing (OR: 2.40; 95% CI: (1.15 to 5.04)). In contrast, 

females had lower odds (OR: 0.86; 95% CI: (0.78 to 0.98)) of repeated testing than males. Lastly, age (per ten years; OR: 

1.07; 95% CI: (1.05 to 1.12) and BMI (OR: 0.99; 95% CI: (0.98 to 0.99)) had weak, but significant associations with 

repeated testing. For COVID-19 positive patients, repeated testing was associated with age (OR: 1.17; 95% CI: (1.05 to 

1.34)) and indication of kidney diseases (OR: 2.26; 95% CI: (1.41 to 3.68)). Patient characteristics further differed across 

repeated testing groups (tested 2-4 times or 5+ times versus once) in a multinomial logistic regression model and when 

restricting to patients with a positive test (Table S4).

Association of Repeated Testing with COVID-19 Outcomes

Among 2,324 patients who underwent repeated testing, 812 out of 5,944 tests (13.7%) were done during inpatient stays. 

Thus, most repeated tests were done outpatient. Focusing on COVID-19 positive patients who underwent repeated testing 

(N = 306), 49 out of 1,118 tests (4.38%) were done before admission and 810 out of 1,118 tests (72.5%) were done once 

admitted, substantiating that most repeated tests for COVID-19 positive patients were ordered during hospitalization or 

ICU stay. Table 1 reports the odds for repeated testing for four successive patient outcomes: positive test, hospitalization, 

ICU stay, or death. In unadjusted models, testing positive, being hospitalized, and requiring ICU-level care were 

significantly associated with repeated testing. After four sets of adjustments for both patient and neighborhood 

characteristics, the odds of undergoing repeated testing remained significantly higher for patients who tested positive (OR: 

1.77; 95% CI: (1.46, 2.12)), were hospitalized (OR: 7.88; 95% CI: (5.15, 12.26)), and required ICU-level care (OR: 6.93; 

95% CI: (4.44, 10.92)). Our sensitivity analysis confirmed that the odds of patients testing 2-4 times versus once were 

significantly higher for patients who tested positive, were hospitalized, and required ICU-level care. These odds were 

higher for patients who underwent 5+ tests versus one test than the odds for 2-4 tests versus one test, as expected (Table 

S5).

Estimation of False Negative Rate in Diagnostic Tests for COVID-19

As previously reported, a meaningful subset of patients (N = 2,324) underwent multiple rounds of testing. Among these 

patients, most (N = 2,073; 89.2%) received a consistent diagnosis (all negative or positive results). However, with 

repeated testing 177 (7.6%) patients experienced a conversion from a positive to negative or negative to positive result, 

and 74 (3.2%) patients experienced multiple conversions, demonstrating the potential for high variability in the diagnostic 

testing results. Using these patient-specific sequences of test results, we estimated a false negative rate for the diagnostic 

test. Specifically, there were 693 patients who underwent three or more tests (total tests = 2,682) and 85 patients with at 

least two positive tests and at least one test between them (total tests = 370). Due to low false positive rate of the RT-PCR 
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test (0.8-4%),15 we assumed that all test results should remain positive between two positive tests. Under this assumption, 

there were 88 negative tests performed on 53 patients that are assumed to be false negatives, thus yielding an estimated 

false negative rate of 23.8% (88/370; 95% CI: (19.5% to 28.5%)). Comparing those 53 patients with at least one false 

negative result to the 640 patients without a false negative, BMI (OR: 1.07; 95% CI: (1.02, 1.13); P: 0.007), race/ethnicity 

(non-Hispanic Black versus non-Hispanic White; OR: 3.12; 95% CI: (1.10, 8.83); P: 0.031), and smoking status (never 

versus current/former smoking; OR: 3.14; 95% CI: (1.24, 8.58); P: 0.019) were significantly associated with higher odds 

of a false negative result. 

DISCUSSION

Understanding testing patterns for COVID-19 is necessary to go beyond what is ascertainable from case counts alone. We 

have shown that, while most patients at Michigan Medicine were tested once and confirmed negative, a meaningful subset 

(14.6%) underwent repeated testing. Among these patients, 7.6% experienced a conversion from a positive to negative or 

negative to positive result and 3.2% experienced multiple conversions, demonstrating considerable variability for within-

patient test results over time. This is consistent with the known high false negative rate for current diagnostic tests. Ai et al. 

(2020), Li et al. (2020), and Long et al. (2020) all note this variability in diagnosis by reverse transcription polymerase 

chain reaction (RT-PCR), as is the focus of our work.8, 10-11 These studies all draw comparisons with diagnosis by 

computed tomography (CT) in patients from the city of Wuhan, China, and the surrounding Hubei province. All three 

studies found higher false negative rates by RT-PCR and similarly noted dynamic conversions of RT-PCR results 

(negative to positive, positive to negative) for patients with multiple RT-PCR assays. Specifically, Ai et al. (2020) found 

that 308 of 413 (75%) patients with negative RT-PCR results had positive chest CT findings. Li et al. noted that among 

384 patients with initial negative RT-PCR results, 75 patients (19.5%) tested positive upon a second test and 12 patients 

(3.1%) were later confirmed positive after three or more tests. Similarly, Long et al. (2020) found that six out of 36 

patients (16.7%) presenting with symptoms were initially tested negative, but later tested positive after second (three 

patients) and third (three patients) tests. Long et al. further noted that 35 of these 36 patients had abnormal CT findings. 

These studies all recommend repeating RT-PCR to avoid misdiagnosis and the use of clinical indicators such as chest CT 

scans to supplement diagnostic and prognostic testing of COVID-19 susceptible patients, particularly when typical CT 

findings but negative RT-PCR assays lead to conflicting results. 

As supported by our findings, RT-PCR is shown to produce false negative results. We estimated the false negative 

rate to be 23.8% (95% CI: (19.5% to 28.5%)). Kucirka et al. found that the median false negative rate on the day of 

symptom onset was 38% (95% CI: (18% to 65%)), which decreased to 21% (95% CI: (13% to 31%)) after three days.16 

These results are consistent with our current estimates. If repeated tests are assumed to be independent with a 23.8% false 

negative rate, then the probability of two false negatives is as low as 5.66%. We note, however, that based on our findings, 

patient characteristics such as BMI, race/ethnicity, and smoking status are associated with higher odds of receiving a false 

negative result. Thus, further considerations may surround a negative result in the presence of these risk factors and other 

clinical evidence. While our independence assumption may be violated, as some patients may have a higher chance of 
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receiving a false negative result, repeated diagnostic testing can mitigate problems with high false negative rates in current 

diagnostic testing, thus helping to reduce the spread of COVID-19. 

Experiencing COVID-19 symptoms within 14 days of presentation for an initial COVID-19 diagnostic test was 

significantly associated with higher odds of undergoing repeated testing. Specifically, patients with a cough had 1.56 

times higher odds of a repeat test, and similarly for those with fever/chills (1.60 times higher odds) or pain (1.22 times 

higher odds). We further demonstrated that testing rates differed significantly with respect to patient age, BMI, sex, 

neighborhood poverty levels, and indications of circulatory diseases, Type 2 diabetes, kidney, and liver diseases. Among 

COVID-19 positive patients, differences in testing rates persisted with respect to age and prevalence of kidney diseases. 

Recent work by Gu et al. (2020) details these risk factors and outcomes of COVID-19 associated with race and other 

patient demographics.17 Considering patient prognosis being associated with repeated testing, or even leading to repeated 

testing, we found that the odds of repeated testing were significantly higher for patients that were hospitalized or required 

ICU-level care, adjusting for patient characteristics and neighborhood socioeconomic status. It is most likely that patients 

who were admitted to the hospital or who had an ICU requirement were tested before release if they were returning to 

homes/assisted living where they could not practice self-isolation. The weak association of mortality with repeated testing 

may indicate that patients with extremely severe symptoms were less likely to undergo repeated testing. Inpatient stays 

lasted more than three weeks, on average, among those patients tested repeatedly. Therefore, unlike a normal flu, the 

expected recovery time from COVID-19 was much longer in order to achieve a stable negative test result.18-20  

These results shed light on repeated testing for COVID-19 and its associated factors at Michigan Medicine, a 

primary regional center accepting COVID-19 cases from throughout the state and, in particular, the city of Detroit (a “hot-

spot” during the pandemic). They further inform how testing guidelines may have been actualized in an academic medical 

center. Countries like South Korea, for example, have shown that random testing and contact tracing are crucial in 

understanding the true prevalence of this disease and managing its spread.21 The United States was initially not prepared 

to roll out such aggressive testing strategies at the onset of the outbreak.22 Initial testing guidelines called for the rationing 

of resources, whereby only the most critically ill patients or those at highest risk of presenting with severe symptoms were 

tested. At Michigan Medicine, more and more asymptomatic or mildly symptomatic individuals were tested in May and 

June as more tests became available. As of July 23, 51,680,022 COVID-19 tests have been reported in the US (15.74 tests 

per 100 people) and 1,634,670 COVID-19 tests have been reported in Michigan (16.37 tests per 100 people).23,24 As more 

individuals received a diagnostic test and the strict lockdowns extended by Michigan’s governor led to effective control of 

the virus, both daily new case rates and positive test rates continued to decrease in Michigan prior to experiencing the Fall 

surge. Thus, the study period from March-June gives us an optimal time window to characterize these results.

Limitations and Future Work

A potential limitation of our study is its generalizability to other regional testing centers, both in established “hot spots” 

and rural areas, due to the patient mix at Michigan Medicine. There are inherent limitations to using electronic health 

records for research purposes due to the incomplete information. For example, tests done at drive-thru testing stations or 
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pharmacies are not captured. Additionally, more granular socioeconomic information such as individual-level income, 

occupation, or access to care was not available. The definition of symptoms, co-morbidities and patient characteristics 

using ICD code can also be highly imperfect. Despite these limitations, the manuscript presents a holistic description of 

what happened with testing at an academic medical center near a severely affected city (Detroit) during the first wave of 

the pandemic. 

CONCLUSION

We sought to quantify patterns of repeated testing for COVID-19 and its associated factors at Michigan Medicine. We 

further provide a real-world estimate of the false negative rate for current diagnostic tests. These results shed light on 

testing patterns and have important implications in understanding what is happening in practice with COVID-19 testing at 

an academic medical center. As the pandemic continues, further analysis with updated data are necessary to verify the 

findings at hand and inform future testing guidelines.
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FIGURE LEGENDS

Figure 1: Patterns of COVID-19 testing at Michigan Medicine. A: Number of tests by day, stratified by test result for the 

15,920 patients presenting to Michigan Medicine before June 4, 2020. Between March 10 and June 4, 19,540 tests were 

administered. B: Proportion of patients tested once versus more than once among for patient outcomes of increasing 

severity: negative test result, positive test result, hospitalization, intensive care unit admission, and death.

Figure 2: Characterization of repeated testing patterns. (A) Unique sequences of testing results for the 19,540 tests 

ordered between March 10 and June 4, administered to the 15,920 patients presenting to Michigan Medicine before June 4, 

2020. (B) Distribution of the number of tests administered and (C) average wait time for these tests, corresponding to each 

unique test result sequence in (A). The solid vertical line in (C) is the overall mean wait time in days. SD: Standard 

Deviation. (D) Test results for the five patients who underwent at least 10 tests. The horizontal axis represents the test date 

(first test was administered on “Day 0” for each patient) and the vertical axis represents each patient ID.

Figure 3: Associations between repeated testing and patient characteristics. Odds ratios and 95% confidence intervals are 

reported for each characteristic, fully adjusting for all other demographic and clinical characteristics in a logistic 

regression model. OR: Odds Ratio; CI: Confidence Interval; L: Lower Confidence Limit; U: Upper Confidence Limit; 

NSES: Neighborhood Socioeconomic Status. “All Tested” and “P All” refer to the full study cohort of n = 15,920 patients, 

while “Positive” and “P Positive” refer to the 1,167 patients with a positive COVID-19 test in their medical history.
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Table 1: Associations between repeated testing and patient outcomes. Statistics presented are odds ratios and 95% confidence intervals for the 

associations of each patient outcome with repeated testing from logistic regression models that are (a) unadjusted, (b) adjusted for age, sex at birth, 

race, ethnicity, and neighborhood population density, (c) adjusted for (b) and the proportion of adults with less than a high school education, in the 

labor force but unemployed, with income below the federal poverty level, (d) adjusted for (c) and the composite symptom score, and (e) adjusted for 

(d) and the composite comorbidity score. All odds ratios correspond to the odds of repeated testing versus testing once.

Adjustment Model
Tested Positive

(Among All Tested)

Hospitalization

(Among Tested Positive)

ICU Care

(Among Tested Positive)

Deceased

(Among Tested Positive)

(a) 2.24 (1.95, 2.57) 8.88 (6.51, 12.27) 8.48 (6.27, 11.54) 1.39 (0.84, 2.24)

(b) 1.80 (1.51, 2.14) 7.81 (5.23, 11.86) 6.76 (4.44, 10.38) 0.84 (0.40, 1.69)

(c) 1.82 (1.52, 2.16) 8.07 (5.38, 12.32) 7.05 (4.59, 10.93) 0.84 (0.40, 1.68)

(d) 1.61 (1.35, 1.93) 8.36 (5.52, 12.90) 6.92 (4.51, 10.73) 0.82 (0.39, 1.65)

(e) 1.77 (1.46, 2.12) 7.88 (5.15, 12.26) 6.93 (4.44, 10.92) 0.74 (0.34, 1.52)

(a) Unadjusted Odds Ratios (95% CI) for repeated testing on each patient outcome

(b) Odds Ratios (95% CI), adjusted for age, sex at birth, race, ethnicity, and neighborhood population density

(c) Odds Ratios (95% CI), adjusted for (b) and the proportion of adults: with less than a high school education, in the labor force but unemployed, with income below the federal 

poverty level

(d) Odds Ratios (95% CI), adjusted for (c) and the composite symptoms score

(e) Odds Ratios (95% CI), adjusted for (c) and the composite comorbidity score
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Table 2: Associations between false negatives and patient characteristics. Odds ratios and 95% confidence 

intervals are reported for each characteristic, comparing the odds of a false negative result to no false negative 

results, fully adjusting for all other demographic and clinical characteristics in a logistic regression model.

Characteristic OR1 95% CI1 P-Value

Age, 10 years 1.09 0.82, 1.46 0.6

Body Mass Index 1.07 1.02, 1.13 0.007

Sex    

Male — —  —

Female 0.58 0.23, 1.39 0.2

Race/Ethnicity    

Non-Hispanic White — — — 

Non-Hispanic Black 3.12 1.10, 8.83 0.031

Smoking Status    

Current/Former — —  

Never 3.14 1.24, 8.58 0.019

Neighborhood Unemployment2 1.1 0.96, 1.27 0.2

Neighborhood Poverty2 0.99 0.94, 1.04 0.7

Neighborhood Education2 0.95 0.86, 1.04 0.3

Population Density, 1000 persons per square mile 1.13 0.92, 1.39 0.2

Respiratory Diseases    

No — — — 

Yes 1.86 0.55, 7.66 0.3

Circulatory Diseases    

No — — — 

Yes 0.58 0.13, 3.00 0.5

Any Cancer    

No — — — 

Yes 0.85 0.32, 2.20 0.7

Type 2 Diabetes    

No — — — 

Yes 2.16 0.82, 5.90 0.12

Kidney Diseases    

No — — — 

Yes 0.45 0.17, 1.16 0.1

Liver Diseases    

No — —  —

Yes 0.52 0.11, 1.72 0.3

Autoimmune Diseases    

No — —  —

Yes 0.89 0.31, 2.40 0.8

Cough    

No — —  —

Yes 1.2 0.48, 2.99 0.7

Fever/Chills    

No — —  —

Yes 1.4 0.49, 3.74 0.5
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Pain    

No — —  —

Yes 0.39 0.10, 1.15 0.12

1OR: Odds Ratio; CI: Confidence Interval.

2The unit of neighborhood unemployment is 1% proportion of population age 16+ in the civilian labor force who are unemployed; the unit of neighborhood poverty is 

1% proportion of population with annual income below the federal poverty level; and the unit of neighborhood education is 1% proportion of adults with less than high 

school diploma in 2010.
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Figure 2
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Figure 3
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Age, 10 years

Body Mass Index

Sex

     Male

     Female

Race/Ethnicity

     Non−Hispanic White

     Non−Hispanic Black

Smoking Status

     Current/Former

     Never

Neighborhood Unemployment

Neighborhood Poverty

Neighborhood Education

1,000 People/Square Mile

Respiratory Diseases

     No

     Yes

Circulatory Diseases

     No

     Yes

Any Cancer

     No

     Yes

Type 2 Diabetes

     No

     Yes

Kidney Diseases

     No

     Yes

Liver Diseases

     No

     Yes

Autoimmune Diseases

     No

     Yes

Cough

     No

     Yes

Fever/Chills

     No

     Yes

Pain

     No

     Yes

D
em

og
ra

ph
ic

s
N

S
E

S
P

re
va

le
nt

 C
om

or
bi

di
tie

s
S

ym
pt

om
s

Predictor Reference
Category

Male

Non−Hispanic White

Non−Hispanic White

Current/Former

Current/Former

No

No

No

No

No

No

No

No

No

No

log OR

−4 −2 0 2 4

All Tested Patients
Patients with a Positive Test Result

All Tested

OR
95% CI
(L, U)

Positive

OR
95% CI
(L, U)

P
All

P
Positive

1.07 1.05 1.12 1.17 1.05 1.34 <0.001 0.018

0.99 0.98 0.99 0.99 0.99 1.02 <0.001 0.671

0.86 0.78 0.98 0.84 0.58 1.27 0.019 0.415

1.13 0.98 1.34 0.85 0.55 1.34 0.148 0.487

0.96 0.87 1.09 1.05 0.72 1.58 0.567 0.822

2.14 0.24 20.90 0.51 0.02 94.50 0.513 0.845

2.40 1.15 5.04 5.59 0.50 63.50 0.021 0.166

0.72 0.20 2.77 1.60 0.04114.00 0.633 0.830

0.99 0.98 1.02 0.99 0.92 1.09 0.462 0.853

0.95 0.82 1.13 0.62 0.38 1.07 0.528 0.084

1.47 1.21 1.81 1.67 0.91 3.27 <0.001 0.120

1.12 1.01 1.28 1.18 0.78 1.82 0.074 0.450

1.26 1.11 1.45 1.38 0.89 2.19 0.002 0.167

1.96 1.73 2.25 2.26 1.41 3.68 <0.001 <0.001

1.27 1.10 1.49 1.02 0.58 1.84 0.004 0.936

0.98 0.87 1.13 1.36 0.89 2.13 0.803 0.175

1.56 1.38 1.78 1.14 0.77 1.74 <0.001 0.539

1.60 1.35 1.92 0.88 0.57 1.38 <0.001 0.574

1.22 1.08 1.40 1.19 0.74 1.93 0.005 0.492
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