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Abstract
Background The Covid Connected Care Center (C4), a low-barrier telephone nurse hotline, was developed at 
an academic medical center to increase access to healthcare information and services across the state of Oregon, 
including to those without a usual source of care. Other studies have demonstrated that telephone triage services can 
positively influence health behaviors, but it is not known how this effect is maintained across racial/ethnic groups. The 
objective of this study was to show that the C4 reached throughout the state of Oregon, was valuable to callers, and 
that recommendations given affected callers’ subsequent health-related behaviors.

Methods This mixed-methods study, informed by the RE-AIM (Reach, Effectiveness, Addoption, Implementation 
and Maintenance) framework, assessed caller demographics and clinical care from March 30 2020 until September 8, 
2021. Descriptive statistics, multivariable risk models and Zou’s modified Poisson modeling were applied to electronic 
health record and call system data; An inductive approach was used for patient and staff experience surveys and 
semi-structured interviews. Approval was obtained from the OHSU Institutional Review Board (Study 00021413).

Results 145,537 telephone calls and 92,100 text-based contacts (61% and 39%, respectively) were included. Callers 
tended to not have a usual source of primary care and utilized recommended services. Emergency department 
utilization was minimal (1.5%). Racial or ethnic disparities were not detected in the recommendations, but Black (RR 
0.92, CI 0.86–0.98) and Multiracial (RR 0.90 CI 0.81–0.99) callers were less likely than non-Hispanic white callers to 
receive a COVID-19 test. Participants in the post-call survey (n = 50) would recommend this service to friends or family. 
Interviews with callers (n = 9) revealed this was because they valued assistance translating general recommendations 
into a personalized care plan. C4 staff interviewed (n = 9) valued the opportunity to serve the public. The C4 was 
a trusted resource to the public and reached the intended audiences. However, disparities in access to COVID-19 
testing persisted.

Conclusions Nursing triage hotlines can guide caller behavior and be an effective part of a robust public health 
information infrastructure.
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Background
The Covid Connected Care Center (C4) [1], a low-barrier 
telephone nurse hotline, was developed in March 2020 at 
Oregon Health & Science University (OHSU) to increase 
access to healthcare information and services for system-
atically harmed groups who face significant obstacles to 
health information and care. This study evaluates the C4’s 
success in providing both established patients and those 
disconnected from the health system access to COVID-
related care, while reducing unnecessary utilization of 
primary care and the emergency department. The C4 
was advertised to the public via the county public health 
department, social service agencies and the OHSU web-
site. People called the C4 directly or were transferred 
from a clinic via an automated voice-messaging system. 
Callers could receive text-based messages regarding lab 
results through the OHSU patient portal.

Prior studies show that a telephone triage service can 
positively influence health behaviors [2, 3] and numerous 
studies document COVID-specific hotlines [1, 4–15] but 
none disaggregate data by race/ethnicity, leaving open the 
question of whether a nurse triage hotline can mitigate 
health disparities. This is important because the reliable 
health information provided by nurses could potentially 
combat dangerous misinformation [16], especially among 
racial and ethnic minorities who are targeted by those 
messages as well as the growing number of people with-
out a usual source of care [17]. 

We know that misinformation has proliferated and can 
lead to maladaptive behaviors, [18, 19] increased psycho-
logical stress [19] and an erosion of trust in healthcare 
professionals [20]. During the pandemic, misinforma-
tion targeted Black people, [21] who were also more than 
twice as likely to die from COVID-19 in the United States 
[22]. Meanwhile, patients without a usual source of care 
have worse baseline chronic disease control, higher rates 
of ED and hospitalization use, and are more likely to be 
Hispanic or Non-Hispanic Black individuals [17]. 

Others have reported on healthcare organization 
efforts to rapidly implement technology-enabled tools 
and workflows [4, 5, 23–25] to deliver patient care, 
including care to patients with COVID-19 symptoms 
[26]. These generally focused on patients within a par-
ticular healthcare system and have been descriptive in 
nature. [1, 4–15, 27–29] The purpose of this study was 
to evaluate a hotline that was deployed with a state-
wide reach and to directly measure the effectiveness of 
the hotline in terms of perceived value and the ability to 
influence health-related behaviors.

Our research questions were (1) To what extent does 
the hotline reach the intended target population? This 
was measured by number in the target population who 
called and spoke to someone relative to the number of 
OHSU patients and number of Oregonians without a 

primary care doctor). (2) Does the telephone hotline 
impact key outcomes? Primary outcomes were patient 
and provider experience (were questions answered, did 
patients feel reassured, would patients/providers rec-
ommend this service, how much do patients value the 
service) and clinical outcomes and care utilization (was 
testing offered when indicated, what was the follow-up 
rate, was their appropriate alignment of care level with 
severity of illness). (3) What was the willingness and 
experiences of staff implementing the hotline? (4) How 
was the hotline implemented? What were the key ele-
ments of the intervention and what processes were put 
into place to ensure fidelity of the hotline. (5) Among key 
stakeholders, how would the hotline (if it is needed) be 
maintained, and what is needed to maintain it? Ques-
tions 4 and 5 were addressed in the prior manuscript [1]. 

Methods
We used a robust mixed methods approach to evalu-
ate the reach, effectiveness and adoption of the C4 from 
patients and clinical team members perspectives through 
the lens of a natural experiment. Evaluation and planning 
was informed by the RE-AIM framework, which is an 
implementation science framework that was conceptual-
ized more than two decades ago and has become widely 
used for planning and/or evaluation [30]. In this case, a 
priori definition of the research questions supported 
the hotline’s implementation goals to provide a reliable, 
accessible, sustainable service to the state of Oregon. 
They were revisited routinely throughout the lifespan of 
the hotline. The implementation and maintenance of the 
program is described in a prior manuscript [1]. 

Ethical considerations
All activities were completed with ethical approval of the 
Oregon Health & Science University Institutional Review 
Board (study 00021413).Approval was granted as a mini-
mal-risk protocol and a waiver of consent was granted for 
automated surveys and EHR data. For interviews, partici-
pants were given an information sheet and verbal consent 
was obtained.

Setting
OHSU is a 576 bed not-for-profit hospital in Oregon 
and the only academic medical center in the state with 
a stated mission to serve the 4.2  million people in the 
state, 35% of whom live in rural or frontier areas, [31]. 
It includes 21,300 employees, 4,130 students in OHSU 
degree or certificate programs, and 972 graduate medi-
cal education residents and fellows. It has 3,487 faculty 
in 5 professional schools including a School of Nurs-
ing, School of Medicine, School of Dentistry, School of 
Public Health and College of Pharmacy. The C4 was a 
telephone-based hotline staffed by nurses. Callers from 
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across the state were able to reach the hotline by phone 7 
days a week, during the hours of 7 AM to 7 PM. They had 
the ability to perform nursing triage, to connect callers 
to testing services or medical appointments and to make 
referrals to social service agencies when needed [31, 32].

Sample
The sample for this study were people who made con-
tact with the C4. A combination of call center analytics 
(Aceyus system) and EHR (Epic) data, including tele-
phone contacts and text-based messages, was used to 
define our study sample. All callers received an invita-
tion to complete a survey. Those who completed a survey 
were asked to opt-into an interview. C4 staff interviewees 
were purposively selected to vary in role (e.g., clinician 
leader, nurse).

Data collection and management
Data were collected between March 30, 2020 and Sep-
tember 8, 2021. We defined the Reach numerator as the 
number of patients who made contact with the C4. We 
were able to examine the trend in contact over time, and 
describe patient sex, age, race, preferred language, loca-
tion and primary care source (active OHSU patients, 
inactive OHSU patients, non-OHSU patients with a 
primary care clinician in another health system and 
non-OHSU patients without established primary care). 
Patient primary care source was determined using EHR 
healthcare utilization data and nursing documentation. 
A three-year cut-point was used to differentiate active vs. 
inactive patients. The Reach denominator was the total 
number of unique callers.

Effectiveness of the C4 was defined by clinical out-
comes (the ability of the nurses to guide patient health-
related COVID-19 behavior as defined by testing or 
follow-ups being recommended and those recommenda-
tions being adhered to after their contact with the hot-
line), and patients’ perceived value of the C4. We used 
nurses’ documentation in the EHR to describe what rec-
ommendations were given to patients (e.g., home care). 
We tracked those encounters at a patient-level to deter-
mine what healthcare services were received after each 
C4 contact (e.g., emergency department visit) (see Fig. 1). 
The Effectiveness denominator was the total number of 
calls. To assess perceived value, we ask C4 patients to 
participate in a brief after call survey from April to May 
26, 2020. Patients that agreed were asked:

  • Did you get your questions answered during the call? 
(Yes / No)

  • Would you recommend this service to a friend or 
family member? (Yes / No)

  • Assume this C4 had no funding and the only way 
to keep it open would be to impose a fee on every 

household in the state. Would you be willing to pay 
an annual fee of [randomly inserted the following 
values: $5, $25, $50, $75, $100}? (Yes / No)

  • Are you an OHSU patient? Yes / No.

As we did not have time to test the reliability and valid-
ity of survey items, our team chose commonly used, 
simple satisfaction questions. We consulted with a health 
economist about how to assess the perceived value of the 
hotline, and adapted items that have been used in other 
fields to assess willingness to pay for a service, as a way to 
assess value [33]. Survey data collection was intended to 
be descriptive, and our quantitative analysts determined 
that 50 completed surveys would provide a large enough 
sample to understand callers’ experiences.

The caller survey included a final question about will-
ingness to participate in an interview. Willing callers left 
a recording of their name and phone number. All willing 
callers were contacted by a qualitative researcher who 
then explained the interview process further, obtained 
informed consent from the interviewee, and scheduled 
a time to conduct the interview. During the scheduled 
interview time, an experienced qualitative researcher 
used a semi-structed interview guide to explore partici-
pants’ experiences with the C4 (e.g., reason for calling, 
what advice they received, and what they found helpful 
(or not) about their experience). Caller interviews lasted 
approximately 30 min.

Adoption of the C4 was understood through the expe-
riences and affective orientation towards implementing 
the C4. This was assessed through semi-structured inter-
views with clinical team members who were recruited 
through an email to all participating C4 clinical team 
members. Interested clinical team members were con-
tacted by a qualitative researcher via email to schedule 
an interview time. Informed consent was obtained from 
interviewees before the start of the interview. The inter-
views followed a semi-structured guide that asked about 
their role with the C4, training and support received, and 
experience providing C4 support to patients. Interviews 
were conducted by an experienced qualitative inter-
viewer and lasted approximately 60 min.

Data management
Quantitative data were obtained by writing SQL queries 
against OHSU’s Epic database and exporting the results 
to flat text files, which were subsequently curated using 
R version 4.1.0. Interviews were conducted by phone 
or video, depinsending on what was available to the 
participant.

 [34]Interviews were audio-recorded with permis-
sion, professionally transcribed, checked for accuracy, 
and uploaded into Atlas.ti (Version 9.0, Atlas.ti Scien-
tific Software Development GmbH, Berlin, Germany) for 



Page 4 of 11Cheng et al. BMC Nursing          (2024) 23:622 

Fig. 1 Distribution of recommendations (a) and services received within 2 days of C4 contact among those who received each type of recommendation 
(b). These data include only encounters with OHSU providers; data on encounters outside the OHSU system were not available
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data management and analysis. We continued interview-
ing participants until saturation was reached, the point 
at which no new information emerged from subsequent 
interviews [34]. For patients, this was achieved after nine 
interviews, with variation in age and gender. For C4 staff, 
saturation was achieved after 9 interviews, with variation 
by C4 role.

Data analysis
Descriptive statistics were used to summarize incom-
ing and outgoing telephone contacts (C4 volume, demo-
graphics of patients, recommendations made, and 
services received) and callers’ responses to the survey. 
Multivariable risk models were created to estimate rela-
tive risks of patients receiving recommendations and 
follow-up services by race and ethnicity using Zou’s 
modified Poisson modeling approach [35]. All mod-
els were adjusted for type of caller (active or inactive 
OHSU patient, patient without a primary care provider, 
or patient from another health system), age, location, 
and caller-reported symptom severity. Adjustments were 
selected based on available demographics and clinical 
judgment. We performed subgroup analysis on recom-
mendations given (home care/nothing, testing, virtual 
visit), services received within two days and concordance 
between the two. There was insufficient power to per-
form this analysis on emergency department visits and 
office appointments. We conducted all analysis using R 
version 4.1.0.

Qualitative data were analyzed by two experienced 
qualitative researchers (DC and AB) and a medical resi-
dent (ED) using an immersion-crystallization approach 
[36]. We analyzed patient and clinician interviews sepa-
rately, using a similar process: We listened to one or two 
interviews together, while reviewing the transcript. We 
discussed the interview and how to tag sections of the 
interview relevant to understanding the impact and util-
ity of the C4 (for callers) and the experience of imple-
menting the C4 (for clinical team members). Through 
this process the team deductively developed a codebook 
that two researchers (AB and ED) applied to the remain-
ing interviews. Next, data were pulled by code to conduct 
comparative analysis, and findings were grouped within 
the RE-AIM constructs. We found that most findings 

aligned with Effectiveness (the patient interviews) and 
Adoption (the clinical staff interviews). AB, ED and DC 
met regularly to discuss these data, and identify emerg-
ing findings through a cyclical and iterative process. Pre-
liminary findings were shared with the larger team and 
further refined the themes Strategies to ensure rigor in 
this process are the group analytic process to minimize 
researcher bias and sampling to saturation [37]. Addi-
tionally, the qualitative researchers found the data to be 
reliable given the consistency among the interviews for 
each group.

Results
Our data set included 112,582 incoming telephone con-
tacts, 32,952 outbound telephone contacts, 1,387 incom-
ing and 90,713 outgoing text-based messages through 
the portal (Table 1). Callers included residents of each of 
Oregon’s counties, all 50 states, the District of Columbia, 
3 US territories, and 3 Canadian provinces. Demographic 
data were available for 27,508 contacts and this group 
was representative of the region in terms of race/ethnic-
ity, but were more often adults 18 to 64 years old and 
were less likely to speak a language other than English 
at home (Table 2). Of the incoming telephone contacts, 
85,074 involved sharing information such as hours and 
location of testing sites, and 27,508 involved screening, 
triage, or clinical decision-making. 0.41% of incoming 
calls or messages resulted in a referral to the emergency 
department and 1.5% of all calls resulted in an ED visit. 
Outgoing follow-up telephone contacts were conducted 
to share test results or follow-up contacts from previous 
C4 interactions. Incoming messages through the patient 
portal included questions about COVID-19 symptoms; 
outgoing messages were primarily about negative results.

Reach of the C4
145,537 telephone calls and 92,100 text-based contacts 
(61% and 39%, respectively) were included in our sam-
ple. Among the 27,508 contacts documented in the EHR 
(contacts that were non-clinical were logged only in the 
call system data), most (89%) of the callers were from 
the Portland metropolitan area (comprising of Clacka-
mas, Columbia, Multnomah, and Washington counties in 
Oregon and Clark County in Washington). Non-Portland 

Table 1 C4 contacts
Type of Contact Number
Incoming telephone contacts
Documented, with questions with clinical decision making
Undocumented

112,582
27,508
85,074

Outbound telephone contacts for follow-up 32,952
Incoming text-based questions through the patient portal 1,387
Outbound text-based questions through the patient portal 90,713
Total C4 Contacts 237,634
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metropolitan area callers (11%) were located in nearly 
every state of the country, with 1,953 (approximately 
65%) residing outside of Washington or Oregon. While 
most of the incoming phone calls documented in the 
EHR were from active OHSU patients (57%, n = 15,675), 
the C4 reached people inactive OHSU patients (17%, 
n = 4,543) and people without a primary care clinician 
(20%, n = 5,434).

Incoming call volume overtime correlated with daily 
COVID-19 case counts (Fig.  2) and pandemic waves in 
the Portland metropolitan area; call volume increased 
during the spring, summer and winter surges in 2020 
and with delta variant in late summer 2021. Weekly call 
volume peaked at 978 clinical and 3,521 non-clinical con-
tacts on November 22, 2020.

Effectiveness of the C4
Nurses were able to guide patients’ COVID-19 related 
behavior. Figure  1 shows that the most common nurse 
recommendation was a COVID-19 test (n = 8,056); 
the least common was an emergency department visit 
(n = 63). We found concordance between the most com-
mon nurse recommendations and the healthcare services 
received after a C4 call, as seen in Fig.  1. If home care, 
COVID-19 testing, or a clinician visit was recommended, 
this was the most common subsequent care received. 
There was insufficient power to determine concordance 
between ED utilization and a nurse’s recommendation.

We found no evidence of racial or ethnic disparities in 
the types of advice provided at the C4 in our subgroup 
analysis (Table  3, “Recommendations”). However, there 

were disparities in services received (Table  3, “Services 
received within 2 days”): Black (RR 0.92, CI 0.86–0.98) 
and Multiracial (RR 0.90 CI 0.81–0.99) patients were 
less likely than non-Hispanic white patients to receive a 
COVID-19 test. Furthermore, Black (RR 0.92, CI 0.87–
0.98) and Asian (RR 0.95, CI 0.90–1.00) patients were 
less likely to be able to receive the services recommended 
within two days (Table 3).

Patients’ experiences of the C4 were overwhelmingly 
positive. Survey data showed that 90% would recommend 
this service to a friend or family member; 86% got their 
questions answered during the call; and patients were 
willing to pay to support this service, with the majority 
willing to pay $100 a year. Interviews explained these 
survey findings—patient feedback about the hotline was 
overwhelmingly positive; they liked that it was accessible, 
reduced their stress, and gave them tailored guidance.

Patients appreciated the accessibility of the C4, speak-
ing with a real person rather than an automated message 
system, and short hold times.

The fact that I got somebody right away, live 
voice,answering questions, was great… I could see 
other people hanging up midstream if it was a series 
of connections or they couldn’t understand what was 
being said or they were on hold. “You are 10th in 
line. We’ll answer you in 45 minutes.” I got none of 
that. – Patient 1.

C4 patients reported the assistance from the nurse 
reduced their stress. They recognized that information 

Table 2 Demographics of individuals from the Portland metropolitan area who contacted the C4 and had clinical documentation, 
compared to census demographics

Census C4
Age group
 < 5 5% 3%
 < 6–18 21% 8%
 < 19–64 58% 78%
 >= 65 15% 11%
Female 51% 54%
Race
 White 83% 69%
 Black 3% 4%
 American Indian/Alaska Native 1% 1%
 Asian 8% 6%
 Native Hawaiian/Pacific Islander 1% 1%
 Multiracial 4% 3%
 Declined/Unknown 16%
Ethnicity
 Hispanic 12% 21%
 Non-Hispanic 72% 71%
 Declined/unknown 8%
Language other than English at home 18% 11%
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related to the virus was imperfect and evolving; neverthe-
less, talking with the C4 nurse reduced COVID-related 
anxiety even when nurses were unable to answer every 
question.

We have our daughters and our grandsons over on 
occasion to our house. I would just die a thousand 
deaths if I got the virus and passed it to my family. 
It’s important to me that everyone be tested. It really 
relieved a lot of stress for me… it just relieved my 

Table 3 Relative risks and 95% confidence intervals* of C4 recommendations and services received within 2 days of contacting the C4. 
Results in boldface indicate statistically significant results, adjusted for age, geographic location, severity of reported symptoms, and 
the caller’s relationship to OHSU
Outcome White

(n = 10,048)
Hispanic (n = 2,047) Black (n = 597) Asian (n = 772) Multiracial (n = 228)

Recommendations
 Home care/nothing 1.00 0.84 (0.65–1.08) 1.10 (0.79–1.54) 0.61 (0.39–0.93) 1.03 (0.57–1.89)
 Testing 1.00 1.01 (1.00–1.02) 0.99 (0.97–1.02) 1.01 (0.99–1.03) 0.99 (0.95–1.03)
 Virtual visit 1.00 0.97 (0.86–1.11) 1.10 (0.91–1.33) 0.93 (0.75–1.13) 1.08 (0.78–1.48)
Services received within 2 days
 Home care/nothing 1.00 0.87 (0.80–0.94) 1.15 (1.02–1.29) 1.04 (0.93–1.16) 1.30 (1.10–1.54)
 Testing 1.00 1.06 (1.03–1.09) 0.92 (0.86–0.98) 0.96 (0.91–1.02) 0.90 (0.81–0.99)
 Virtual visit 1.00 0.83 (0.68–1.01) 1.06 (0.81–1.40) 1.04 (0.81–1.33) 1.12 (0.73–1.74)
Services received within 2 days among those who received the corresponding recommendation
 Home care/nothing 1.00 0.75 (0.55–1.01) 0.94 (0.68–1.29) 0.72 (0.43–1.19) 1.53 (1.33–1.76)
 Testing 1.00 1.05 (1.02–1.08) 0.92 (0.87–0.98) 0.95 (0.90 -1.00) 0.92 (0.83–1.01)
 Virtual visit 1.00 0.90 (0.69–1.17) 0.69 (0.44–1.08) 0.90 (0.60–1.37) 1.29 (0.79–2.10)
* Relative risks calculated by multivariable modified Poisson regression .[cite Zou 2004]

Fig. 2 Inbound telephone and MyChart C4 volume and rolling 7-day average of daily new cases in the Portland metropolitan area
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mind to know that I wasn’t going to give anybody the 
virus. –Patient 8.

C4 patients also appreciated receiving COVID-related 
guidance tailored to their particular circumstances: “They 
[C4 nurse] helped me form a plan. I don’t want to go out if 
I don’t have to. Knowing that I could call and get the test 
if I felt like I needed to, it gives me a lot of confidence. I 
feel that I could do that and get it done quickly” (Patient 
4). This included recommendations about testing, quar-
antine, and safe interaction. Both patients and C4 nurses 
recognized the wide range of sources for general COVID-
19 information (e.g., CDC website, local news, personal 
acquaintances). C4 nurses recognized the important role 
they played in helping patients translate general recom-
mendations into an individualized plan.

…we play a really important role in helping people 
individualize their care. Anybody can go to a CDC 
website. Anybody can go to the OHSU [website]. 
Where we play an important role, I feel, is in help-
ing people apply what we know to their specific situ-
ation. It’s very complex. –RN 9.

Patients appreciated how nurses assessed their situation, 
and helped them translate general guidance into con-
crete, personalized steps.

Adoption of the C4
Adoption of the C4 was a positive experience for the clin-
ical team; they appreciated the opportunity to support 
patients and work in a new capacity The clinical team 
described being grateful for the opportunity to provide 
support to patients at a time when their normal clinical 
roles were suspended due to the virus.

It is nice to feel like—even if it’s minimal but at least 
feeling you’re doing something to assist with the 
COVID-19 pandemic. As a specialized surgeon or a 
specialized physician in a small domain of medicine, 
your applicability is so little when it comes to that…
It feels nice to be at least plugged into something 
where you can help out. –MD 3.

They also appreciated the opportunity to work in a new 
capacity and with colleagues across departments and dis-
ciplines with whom they had not previously worked (“…
working with my peers is really important because our 
system doesn’t work unless everyone works together…. I’ve 
met people I never would have met otherwise… I learned 
things about the system that I wouldn’t otherwise know.” 
(MD 5). This enriched their professional work and fos-
tered unanticipated learning about their healthcare 
system.

Discussion
COVID hotlines were created across the globe, typically 
building upon existing telephone systems [4–15]. Pub-
lished information regarding these hotlines is largely 
descriptive in nature and does not include a combined 
assessment of efficacy, patient experience and differen-
tial impact on racial/ethnic groups. This mixed-methods 
study suggests that nurse hotlines similar to the C4 can 
be an effective component of the public health informa-
tion infrastructure. Further efforts are needed to include 
people with limited English proficiency, Black, Multi-
racial and Asian people. There are several implications 
from the study results relevant to building a more robust 
public health information [38] and communication infra-
structure [39]. 

Nursing triage can guide caller behavior but there are 
limitations
The COVID-19 pandemic revealed that neither the pub-
lic health nor the medical establishment was prepared to 
provide trusted individualized clinical advice at a popula-
tion level. In a March 2020 survey, 52% of primary care 
clinics nationwide reported being under severe strain, 
with patient questions and contacts being the most com-
monly cited driver [40]. This study shows that a central-
ized nurse call center can serve as an effective source 
of triage care throughout a region, even reaching those 
without a pre-existing relationship with the hospital 
through telephone and text-based contacts. Such a ser-
vice could absorb increased demand during pandemics, 
regulating utilization of emergency departments and pri-
mary care clinics, thus serving as an important part of the 
public health infrastructure, which needs greater invest-
ment. Call centers may be more successful as local rather 
than state-wide or national interventions: the intended 
audience was statewide but 89% of callers were from the 
6 counties surrounding the hospital.

Prioritize equity and community engagement throughout 
the design of clinical programs
Pre-existing disaster response models prioritize coordi-
nation and speed [41]. On the other hand, a contempo-
rary focus on justice emphasizes collaborative, deliberate 
and sustained activities [42]. Our findings mirror the dis-
proportionate impact of COVID-19 on communities of 
color, [43–46] and the relative ease of access to testing in 
white and primarily English-speaking communities [47–
49]. These findings suggest that individual actions are not 
sufficient to mitigate healthcare inequities that arise from 
a multitude of systemic factors [50]. Thoughtful engage-
ment with communities to develop culturally responsive 
services is needed.
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Data infrastructure should provide patient-level data 
across health systems, be disaggregated and democratized
Our country needs data infrastructure inclusive of pub-
lic, medical and mental healthcare systems while being 
detailed enough that it can be disaggregated by race/eth-
nicity, age, language and disability to allow early detec-
tion of disparities [51]. Analytic capabilities should be 
democratized so that health systems and communities 
without research infrastructure can detect and mitigate 
disparities in real time.

Academic medical centers (AMCs) serve a crucial role but 
should act collaboratively with other agencies
Given the public’s lack of trust in governmental and 
media outlets combined with the proliferation of mis-
information on social media, AMCs have a crucial role 
to play in a pandemic. Nonetheless, a robust response 
also requires the engagement of social services and pub-
lic health agencies. Developing and maintaining multi-
sector partnerships for coordinated care is crucial for 
success.

This study’s limitations include the lack of integrated 
health system data. Care received after hotline encoun-
ters did not account for services at another health sys-
tem and this missing data could alter the results. Missing 
race data (8%) also limited our ability to interpret demo-
graphic data. Nurses often made several recommen-
dations complicating the analysis of subsequent care. 
Recommendations documented outside of the discrete 
data fields in our documentation templates was not 
accounted for. Office visits and emergency department 
visits were infrequent both as recommendations and 
services received during the study period. As a result 
there was insufficient power to perform an analysis on 
concordance between these recommendations and ser-
vices received and any demographic disparities in rec-
ommendations given. We estimate that this is unlikely to 
alter our conclusion that nursing recommendations were 
generally followed and that they were given equally irre-
spective of race/ethnicity. Finally, our findings from the 
patient survey and interviews may be influenced by self-
selection bias.

Conclusions
Key findings are that C4 was effective in reaching those 
with no usual source of care, as 20% of callers had no 
primary care provider. While disparities were not evi-
dent in recommendations provided, callers identifying as 
Black and Multiracial were less likely to gain access to a 
COVID-19 test (RR 0.92, CI 0.86–0.98 for Black and RR 
0.90, CI 0.81–0.99 for Multiracial callers). We found that 
nurses were able to guide patients’ COVID-19 related 
behavior: there was concordance between nurse recom-
mendations and healthcare services received after a C4 

contact, and only 1.5% of calls resulted in an Emergency 
Room visit. The C4 service was valued by callers and clin-
ical teams. Callers particularly appreciated the individu-
alized advice they received and would have been willing 
to pay for the service, which was provided free of charge. 
Staff found meaning in the experience, even when it was 
outside of their normal duties.
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