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Abstract
Background: The adoption of remote patient monitoring (RPM) in routine medical care requires increased understanding of
the physiologic changes accompanying disease development and the proactive interventions that will improve outcomes.
Objective: The aim of this study is to present three case reports that highlight the capability of RPM to enable early identification
of viral infection with COVID-19 in patients with chronic respiratory disease.
Methods: Patients at a large pulmonary practice who were enrolled in a respiratory RPM program and who had contracted
COVID-19 were identified. The RPM system (Spire Health) contains three components: (1) Health Tags (Spire Health),
undergarment waistband-adhered physiologic monitors that include a respiratory rate sensor; (2) an app on a smartphone; and
(3) a web dashboard for use by respiratory therapists. The physiologic data of 9 patients with COVID out of 1000 patients who
were enrolled for monitoring were retrospectively reviewed, and 3 instances were identified where the RPM system had notified
clinicians of physiologic deviation due to the viral infection.
Results: Physiologic deviations from respective patient baselines occurred during infection onset and, although the infection
manifested differently in each case, were identified by the RPM system. In the first case, the patient was symptomatic; in the
second case, the patient was presymptomatic; and in the third case, the patient varied from asymptomatic to mildly symptomatic.
Conclusions: RPM systems intended for long-term use and that use patient-specific baselines can highlight physiologic changes
early in the course of acute disease, such as COVID-19 infection. These cases demonstrate opportunities for earlier diagnosis,
treatment, and isolation. This study supports the need for further research into how RPM can be effectively integrated into clinical
practice.
(Interact J Med Res 2021;10(2):e27823) doi: 10.2196/27823
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Introduction

themselves or the practice. The COVID-19 pandemic also
appears to have exacerbated patient reluctance to seek care [5].

Early identification of acute clinical deterioration can lead to
proactive intervention and a reduction in morbidity in patients
with or without chronic disease [1-3]. There are a number of
reasons why patients may receive delayed medical care [4]. For
example, patients may not recognize a change in their symptoms
or may avoid contacting their provider so as not to burden

Early diagnosis of COVID-19, the disease resulting from
SARS-CoV-2 infection, can lead to proactive management,
such as increased monitoring [6] and daily prone positioning
[7], as well as early patient isolation. For the novel monoclonal
antibody therapies to be effective, it appears that they must be
used before the patient develops severe illness [8].
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Studies using data from consumer activity trackers have been
reported to identify signs of COVID-19 infection before
symptoms develop [9-11]. Despite the promise of medical-grade
remote patient monitoring (RPM), physicians and health care
organizations can be slow to adopt it. Valid reasons for this lag
in acceptance include limited clinical data [12] and discomfort
with unfamiliar technology [13]. Deployment of new technology
can also be delayed due to a lack of technological infrastructure
and integration into clinical workflow [14]. This report motivates
study into how to effectively integrate RPM into clinical practice
by describing three cases of patients with COVID-19 where
physiologic changes were identified through RPM prior to their
presentation to a medical practice.

Methods
The RPM system (Spire Health [15]) was studied, designed,
and validated for long-term use with patients with chronic
respiratory disease [16,17], and it contains three components:
(1) Health Tags (Spire Health), undergarment waistband-adhered
physiologic monitors that require minimal patient management
and include a respiratory rate sensor; (2) an app on an in-home,
stationary internet-connected device (a Nokia smartphone)
configured to automatically collect and upload sensor data to
the cloud; and (3) a web dashboard at the Spire Health website
[15] that is monitored 7 days per week by respiratory therapists
(RTs) who proactively engage patients by telephone in the event
of significant changes in adherence, respiratory rate, pulse rate,
or activity level. The dashboard notifies the RTs of significant
patient-specific deviations in respiratory metrics, pulse rate,
and activity. The notifications compare each patient’s current
metrics with their respective historical baseline. The system
was designed to identify deviations associated with exacerbation
of chronic respiratory disease.
A US-based pulmonology practice offered RPM to chronic
patients with respiratory disease and had not yet defined a
clinical workflow for using RPM with patients with COVID-19.
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At the time of review, from approximately 1000 patients
enrolled in the monitoring, 9 were confirmed to have contracted
COVID-19. The RPM data of these 9 patients were
retrospectively reviewed and evaluated based on whether the
RPM had notified clinicians of physiologic deviation around
infection onset. No evaluation of the predictive performance of
the RPM was performed. Three case reports demonstrated
differentiated clinical cases, and the patients gave consent to
use of their data.

Results
Case 1: Symptomatic
Patient 1 is a 70-year-old woman with moderate chronic
obstructive pulmonary disease (COPD) who had been receiving
routine follow-up care. For the first 3 months of monitoring,
she demonstrated stable parameters in her respiratory rate and
heart rate as well as typical variations in her activity levels.
Approximately 3 months prior to her next scheduled office visit,
the patient was noted to have an acute increase in her respiratory
rate accompanied by reduced step counts (see Figure 1). These
physiologic changes triggered a notification in the monitoring
system, leading to telephone contact of the patient. The patient
reported feeling generally poor and attributed her symptoms to
back pain. Further query by the RT call center staff did elicit
increased shortness of breath and cough. Although the patient
declined a pulmonary clinic visit, she was encouraged to monitor
her symptoms and contact her physician or emergency
department (ED) if her condition did not improve. The patient’s
respiratory rate remained elevated 5 days after the initial
notification, and the she presented to the ED. She was diagnosed
with COVID-19 and spent 17 days in the hospital before
recovering to near baseline and returning home. Her respiratory
physiologic parameters returned to baseline 20 days later. Her
step counts were noted to return to baseline approximately 1
month after hospital discharge.
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Figure 1. Daily physiology, activity, and adherence metrics for Case 1. The patient was hospitalized for COVID-19–related symptoms 5 days after
she was contacted by the respiratory therapist call center. Physiology shows return to baseline after discharge 17 days later. Each point for RR and PR
represents the percent difference between that day’s median value and that patient’s lifetime median baseline value. The thresholds are clinician-configurable
points at which notifications are triggered. Default threshold values (for all three cases): worn hours <11 hours, RR % deviation: >10, PR % deviation:
>20, and steps: <150. PR: pulse rate; Pt: patient; RR: respiratory rate.

Case 2: Presymptomatic
Patient 2 is a 72-year-old man with a history of idiopathic
pulmonary fibrosis. After 6 months of stable physiologic
parameters, the RPM triggered a notification of a respiratory
rate increase 24% above baseline (see Figure 2). The patient
was reached by telephone within 48 hours of the notification,

and he reported no concerning symptoms. He declined further
clinical evaluation at that time. Five days after the initial
notification, the patient developed body aches and a general
feeling of being unwell. That day, a COVID-19 test performed
by the patient’s primary care physician gave a positive result.
The patient’s physiology returned to baseline 15 days after
infection onset.

Figure 2. Daily physiology, activity, and adherence metrics for Case 2. COVID-19 diagnosis was confirmed 3 days after the patient was contacted and
5 days after initial remote patient monitoring notification. PR: pulse rate; Pt: patient; RR: respiratory rate.

Case 3: Asymptomatic to Mildly Symptomatic
Case 3 is an 80-year-old man with moderate COPD who had
started in the practice’s remote monitoring program
approximately 1 month prior to the first notification. The RPM
https://www.i-jmr.org/2021/2/e27823
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reported a 24% increase in the patient’s respiratory rate; the
patient was reached by telephone the next day and reported mild
allergy-type symptoms. He opted for over-the-counter
symptomatic treatment and also declined a clinic visit, as he
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had been seen in a clinic only 8 days prior. His respiratory
symptoms remained mild 7 days after the initial notification;
however, he was hospitalized for an unrelated reason. As part
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of hospital routine during the viral pandemic, he was tested and
found to be positive for COVID-19 (see Figure 3). The patient’s
physiology returned to baseline 14 days after infection onset.

Figure 3. Daily physiology, activity, and adherence metrics for Case 3. Initial patient outreach based on RPM notification occurred 4 days before
COVID-19 diagnosis. PR: pulse rate; Pt: patient; RR: respiratory rate.

Discussion
Case 1 demonstrates the capability to identify and engage
patients earlier in the course of acute disease than would
otherwise be possible without remote monitoring. Although the
patient declined to see her provider at the time of the telephone
call, she was notified of the physiologic changes and encouraged
to seek early evaluation. Delayed care in COVID-19 leads to
worse outcomes, and this is particularly relevant for patients
with comorbid conditions [18,19].
Unlike case 1, the second patient denied having symptoms at
the time of initial notification. For this reason, he declined
further evaluation. It is known that physiologic changes can
occur prior to patient-reported symptoms and recognition of
COVID-19. Understanding the potential significance of
physiologic changes, particularly during a viral pandemic, can
lead to earlier diagnosis. Home-based and rapid COVID-19
testing should be deployed liberally during a pandemic to enable
early identification and patient isolation [20]. As with case 1,
this patient is over 65 years old and has comorbidities. These
patients require increased monitoring when diagnosed with
COVID-19, and current evidence supports the consideration of
monoclonal antibody therapy prior to needing hospital-level
care [8].
Case 3 demonstrates a patient with mild symptoms who was
incidentally found to test positive for COVID-19. It is possible
that he would have recovered without knowing he had been
infected with COVID-19. Similar to the prior cases, significant
time passed between physiologic identification and confirmed
COVID-19 diagnosis. The exact burden of asymptomatic and
presymptomatic spread of COVID-19 is uncertain but is felt to
be significant [21]. Even if this patient makes a full recovery,
the exposure to others prior to diagnosis has implications on
https://www.i-jmr.org/2021/2/e27823
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pandemic control. During a viral pandemic, a high index of
suspicion for infection must exist in patients who demonstrate
signs of infection, even in the absence of significant symptoms
or concerns.
In all three instances, COVID-19 was diagnosed 5 to 7 days
after the initial notification. Optimally, the physiologic
notifications and high suspicion of COVID-19 related to the
RPM findings would prompt earlier diagnostic testing. However,
patients’ rationalization of symptoms and hesitancy to be
evaluated factor into the delay [4]. Likewise, physicians may
be less apt to intervene in cases where patient symptoms are
minimal. Although these cases were selected by the authors,
we suspect this delay in diagnosis is typical in most medical
practices for the stated reasons.
One of the primary potential benefits of RPM is that
deterioration can be treated earlier and more effectively. To
increase RPM acceptance, data demonstrating improved patient
outcomes is necessary. The success of RPM in providing these
benefits is dependent on three requirements: the physiologic
data is accurate, notifications are set at clinically significant
levels, and medical interventions are effective and instituted in
a timely manner. Continuous physiologic monitoring has shown
itself to be accurate in patients with and without chronic disease
[16,17]. There is emerging evidence regarding what physiologic
changes from patient specific baselines on RPM are significant
for various diseases, including COVID-19 [11].
The optimization and timing of medical interventions is less
clear. With the expanded role of telemedicine, we propose a
standardized short term clinical assessment after RPM
notification, performed from the patient’s home, with a low
threshold to test for COVID-19. Further research is necessary
to determine if this protocol alone would be sufficient to result
in the desired clinical benefit.
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Conclusion
This report suggests a blueprint in the approach to using RPM
of patients with chronic respiratory disease during a viral
pandemic. In these three cases, early physiologic changes
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secondary to COVID-19 infection detected using RPM were
readily identified and patients were proactively engaged. Further
research refining RPM use in clinical practice may lead to earlier
diagnosis, isolation, and treatment.

Authors' Contributions
MP was the lead author and was responsible for the primary selection and description of the patients. NM was responsible for
data extraction, figure generation, and supporting research activities.

Conflicts of Interest
MP is a paid consultant to Spire Health. NM is an employee of Spire Health.

References
1.
2.

3.
4.
5.

6.
7.
8.
9.
10.
11.
12.
13.

14.
15.
16.

17.

18.

19.

20.

Kallander K, Burgess DH, Qazi SA. Early identification and treatment of pneumonia: a call to action. Lancet Glob Health
2016 Jan;4(1):e12-e13. [doi: 10.1016/s2214-109x(15)00272-7]
Wilkinson TMA, Donaldson GC, Hurst JR, Seemungal TAR, Wedzicha JA. Early therapy improves outcomes of exacerbations
of chronic obstructive pulmonary disease. Am J Respir Crit Care Med 2004 Jun 15;169(12):1298-1303. [doi:
10.1164/rccm.200310-1443oc]
Liu X, Liu H, Lan Q, Zheng X, Duan J, Zeng F. Early prone positioning therapy for patients with mild COVID-19 disease.
Med Clin (Barc) 2021 Apr 23;156(8):386-389 [FREE Full text] [doi: 10.1016/j.medcli.2020.11.036] [Medline: 33478810]
Raza K. SP0158 Why do patients delay in seeking help. Ann Rheum Dis 2014 Jun 10;73(Suppl 2):42.3-4242. [doi:
10.1136/annrheumdis-2014-eular.6224]
Czeisler, Marynak K, Clarke KE, Salah Z, Shakya I, Thierry JM, et al. Delay or avoidance of medical care because of
COVID-19-related concerns - United States, June 2020. MMWR Morb Mortal Wkly Rep 2020 Sep 11;69(36):1250-1257
[FREE Full text] [doi: 10.15585/mmwr.mm6936a4] [Medline: 32915166]
Clinical spectrum of SARS-CoV-2 infection. National Institutes of Health. URL: https://www.
covid19treatmentguidelines.nih.gov/overview/clinical-spectrum/ [accessed 2021-01-26]
Damarla M, Zaeh S, Niedermeyer S, Merck S, Niranjan-Azadi A, Broderick B, et al. Prone positioning of nonintubated
patients with COVID-19. Am J Respir Crit Care Med 2020 Aug 15;202(4):604-606. [doi: 10.1164/rccm.202004-1331le]
Therapeutic management of patients with COVID-19. National Institutes of Health. URL: https://www.
covid19treatmentguidelines.nih.gov/therapeutic-management/ [accessed 2021-01-26]
Natarajan A, Su H, Heneghan C. Assessment of physiological signs associated with COVID-19 measured using wearable
devices. NPJ Digit Med 2020 Nov 30;3(1):156 [FREE Full text] [doi: 10.1038/s41746-020-00363-7] [Medline: 33299095]
Massaroni C, Nicolò A, Schena E, Sacchetti M. Remote respiratory monitoring in the time of COVID-19. Front Physiol
2020 May 29;11:635 [FREE Full text] [doi: 10.3389/fphys.2020.00635] [Medline: 32574240]
Mishra T, Wang M, Metwally AA, Bogu GK, Brooks AW, Bahmani A, et al. Pre-symptomatic detection of COVID-19
from smartwatch data. Nat Biomed Eng 2020 Nov 18;4(12):1208-1220. [doi: 10.1038/s41551-020-00640-6]
Halamka J, Cerrato P. The digital reconstruction of health care. NEJM Catalyst 2020 Nov;1(6). [doi: 10.1056/cat.20.0082]
Hilty DM, Armstrong CM, Edwards-Stewart A, Gentry MT, Luxton DD, Krupinski EA. Sensor, wearable, and remote
patient monitoring competencies for clinical care and training: scoping review. J Technol Behav Sci 2021 Jan 22;6(2):1-26
[FREE Full text] [doi: 10.1007/s41347-020-00190-3] [Medline: 33501372]
Bhatia A, Maddox TM. Remote patient monitoring in heart failure: factors for clinical efficacy. Int J Heart Fail 2021;3(1):31.
[doi: 10.36628/ijhf.2020.0023]
Spire Health. URL: https://www.spirehealth.com/ [accessed 2021-06-08]
Holt M, Yule B, Zhu M, Moraveji N. Ambulatory monitoring of respiratory effort using a clothing-adhered biosensor. 2018
Presented at: 2018 IEEE International Symposium on Medical Measurements and Applications (MeMeA); June 11-13,
2018; Rome, italy. [doi: 10.1109/memea.2018.8438678]
Moraveji N, Golz P, Hollenbach J, Holt M, Murray R. Long-term, ambulatory respiratory monitoring of COPD patients
using garment-adhered sensors. 2019 Presented at: 2019 IEEE International Symposium on Medical Measurements and
Applications (MeMeA),; June 26-28, 2019; Istanbul, Turkey. [doi: 10.1109/memea.2019.8802187]
Cobre ADF, Böger B, Fachi MM, Vilhena RDO, Domingos EL, Tonin FS, et al. Risk factors associated with delay in
diagnosis and mortality in patients with COVID-19 in the city of Rio de Janeiro, Brazil. Cien Saude Colet 2020 Oct;25(suppl
2):4131-4140 [FREE Full text] [doi: 10.1590/1413-812320202510.2.26882020] [Medline: 33027349]
Donnelly JP, Wang XQ, Iwashyna TJ, Prescott HC. Readmission and death after initial hospital discharge among patients
with COVID-19 in a large multihospital system. JAMA 2021 Jan 19;325(3):304-306. [doi: 10.1001/jama.2020.21465]
[Medline: 33315057]
Pollock AM, Lancaster J. Asymptomatic transmission of covid-19. BMJ 2020 Dec 21:m4851. [doi: 10.1136/bmj.m4851]

https://www.i-jmr.org/2021/2/e27823

XSL• FO
RenderX

Interact J Med Res 2021 | vol. 10 | iss. 2 | e27823 | p. 5
(page number not for citation purposes)

INTERACTIVE JOURNAL OF MEDICAL RESEARCH
21.

Polsky & Moraveji

Buitrago-Garcia D, Egli-Gany D, Counotte MJ, Hossmann S, Imeri H, Ipekci AM, et al. Occurrence and transmission
potential of asymptomatic and presymptomatic SARS-CoV-2 infections: a living systematic review and meta-analysis.
PLoS Med 2020 Sep 22;17(9):e1003346 [FREE Full text] [doi: 10.1371/journal.pmed.1003346] [Medline: 32960881]

Abbreviations
COPD: chronic obstructive pulmonary disease
ED: emergency department
RPM: remote patient monitoring
RT: respiratory therapist

Edited by G Eysenbach; submitted 08.02.21; peer-reviewed by F Blazer, J Edwards; comments to author 28.04.21; revised version
received 17.05.21; accepted 31.05.21; published 16.06.21
Please cite as:
Polsky M, Moraveji N
Early Identification of COVID-19 Infection Using Remote Cardiorespiratory Monitoring: Three Case Reports
Interact J Med Res 2021;10(2):e27823
URL: https://www.i-jmr.org/2021/2/e27823
doi: 10.2196/27823
PMID: 34086588

©Michael Polsky, Neema Moraveji. Originally published in the Interactive Journal of Medical Research (https://www.i-jmr.org/),
16.06.2021. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Interactive Journal of Medical Research, is properly cited. The complete
bibliographic information, a link to the original publication on https://www.i-jmr.org/, as well as this copyright and license
information must be included.

https://www.i-jmr.org/2021/2/e27823

XSL• FO
RenderX

Interact J Med Res 2021 | vol. 10 | iss. 2 | e27823 | p. 6
(page number not for citation purposes)

