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Abstract: Vaccine uptake is a multifactor measure of successful immunization outcomes that in-
cludes access to healthcare and vaccine hesitancy for both healthcare workers and communities. The
present coronavirus disease (COVID-19) pandemic has highlighted the need for novel strategies to
expand vaccine coverage in underserved regions. Mobile clinics hold the promise of ameliorating
such inequities, although there is a paucity of studies that validate environmental infection in such
facilities. Here, we describe community-based management of COVID-19 through a Smart Pod mo-
bile clinic deployed in an underserved community area in the United States (Aldine, Harris County,
TX, USA). In particular, we validate infection control and biological decontamination of the Smart
Pod by testing surfaces and the air-filtration system for the COVID-19 virus and bacterial pathogens.
We show the Smart Pod to be efficacious in providing a safe clinical environment for vaccine delivery.
Moreover, in the Smart Pod, up-to-date education of community healthcare workers was provided to
reduce vaccine hesitancy and improve COVID-19 vaccine uptake. The proposed solution has the poten-
tial to augment existing hospital capacity and combat the COVID-19 pandemic locally and globally.

Keywords: mobile clinic; relocatable medical facility; underserved community; coronavirus;

vaccination; infection control; decontamination

1. Introduction

Vaccination programs and their overall success result from high effectiveness and
high uptake of vaccines [1-3]. The limited access to health care of vulnerable, underserved
populations, vaccine hesitance, and lack of up-to-date training programs for healthcare
workers in community-based clinics lead to reduced vaccine uptake that diminishes the
effectiveness of vaccination programs [4-7]. During outbreaks of highly infectious dis-
eases, such as the current coronavirus disease (COVID-19) pandemic, innovative ap-
proaches to cost-effective community-based solutions for vaccine delivery are particularly
in demand. According to the most recent report of Centers for Disease Control and Pre-
vention (CDC) on source and accessibility of healthcare in the United States [8], about 17%
of patients do not have a regular place to access healthcare services.

Vaccine hesitancy constitutes a major hindrance to vaccine delivery. Of note, studies
have shown vaccine hesitancy to be especially pronounced in underserved communities,
in part due to the logistical inconveniences of obtaining vaccines [9-12]. A 2020 question-
naire distributed to 3865 individuals showed economic hardship to be associated with
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vaccine refusal [11]; additionally, a study of 10,871 participants showed vaccine hesitancy
to be fivefold and twofold higher among Black and Hispanic populations, respectively,
compared to their White counterparts [12]. Moreover, a recent systematic review of factors
contributing to vaccine hesitancy noted that inconvenience and a lack of accessibility to vac-
cines may be the common denominators in racial and economic disparities in vaccine delivery.

Portable clinics hold the promise of being able to provide high-quality healthcare
services to at-risk populations and bridge existing inequities in health, many of which are
exacerbated in pandemic and disaster situations. A growing body of research supports
that mobile health clinics are a valuable and cost-effective model to healthcare delivery
for a variety of clinical applications [13-16] including vaccination [17,18]. The main
strength of mobile clinic solutions is the ability to provide adequate, quick and quality
healthcare services for people in locations removed from stationary health care facilities or
those that have no access to conventional healthcare services due to social or financial reasons.
Though, inconvenient infrastructure, varying location, and unclear policy in some healthcare
systems can be among the factors that reduce mobile clinic effectiveness and should be over-
come to reduce barriers that hinder widespread implementation of portable health clinics.

Thus, mobile medical units are economically and logistically viable platforms for
healthcare delivery that can augment stationary healthcare facilities [15,16] and temporary
mass-vaccination centers [3]. During the COVID-19 pandemic, the burgeoning need for test-
ing, vaccine delivery, and management of SARS-CoV-2-induced respiratory disease has high-
lighted the utility of relocatable clinics with enhanced infection control. For instance, the mo-
bile clinic paradigm has been applied to manage the COVID-19 crisis in a multitude of settings:
it has been deployed to provide primary care and COVID-19 testing to migrant farm workers
in Iowa [19], monoclonal antibody infusion to patients in nursing homes and long-term care
facilities [20], and COVID-19 testing in a disadvantaged Baltimore neighborhood [21].

While environmental contamination control is a part of prevention of nosocomial infec-
tion and an established practice for stationary hospitals [22,23], there is a paucity of studies
that validate the infection control and biological decontamination measures taken in mobile
container medical units dealing with highly contagious pathogens such as SARS-CoV-2.

As nosocomial spread represents an important mode of transmission for pandemic
viruses such as SARS-CoV-2, designing and validating a portable clinic from an environ-
mental infection control standpoint are paramount. Furthermore, recent case reports and
computer models have supported the possible spread of SARS-CoV-2 viral particles via
heating, ventilation, and air conditioning (HVAC) systems, emphasizing the need to val-
idate HVAC systems in mobile clinics for absence of SARS-CoV-2 [24,25].

To deliver high-quality community-based healthcare services and COVID-19 vaccine
administration to underserved populations, the portable COVID-19 Smart Pod isolation
clinic with advanced air-purification systems, antimicrobial surface features, and a nega-
tive pressure isolation room was deployed in Aldine (Harris County, TX, USA) during the
COVID-19 pandemic in September 2020 [26]. This rapidly deployable, expandable ship-
ping container-based medical facility serves the dual purpose of (a) everyday community-
based care and (b) emergency mobilization during an epidemic or natural disaster [27].
Baylor College of Medicine (BCM) developed and patented the first Smart Pod hospital
ward in response to the West African Ebola epidemic (2015) and deployed it in Monrovia,
Liberia [28-30]. In 2019, the Smart Pod pharmacy and diagnostic laboratories of biosafety level
(BSL) 2 and BSL 3+ with positive and negative air pressure rooms were designed and deliv-
ered to Monrovia, Liberia [31-33] for training and vaccine development purposes [34-36].

In 2020 and 2021, BCM built and deployed two Smart Pod isolation clinics at the Al-
dine area in unincorporated central Harris County (Texas) and Pasadena, TX, a city east
of Houston and the second-largest city in Harris County, providing infrastructure [37]
and educational support [38] for community-based management of COVID-19 through
testing and administration of vaccines (Figure 1).
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Figure 1. Illustration of a 3D-rendered model of the COVID-19 Smart Pod isolation clinic. (a,b) Ex-
terior of the portable, expandable container unit: entrance and exit, respectively; (c,d) Interior: pa-
tient examination area (Exam Rooms 2 and 3) separated by disposable antimicrobial curtains and
check-in area (positive pressure zone); (e) Negative pressure isolation room (Exam Room 1).

The goal of this pilot project is to validate the current clinical/operational protocols
for infection control in the Smart Pod isolation clinic by obtaining air-distribution system
and surface samples for SARS-CoV-2 and bacterial pathogens before, at the peak, and after
a full clinical workday of patient care, which will include all standardized cleaning and
disinfection standard operating procedures (SOP) in both positive and negative pressure
zones of the Smart Pod [39].

Here, we first describe the features of the Smart Pod so that other mobile clinics can
implement similar infection control measures. We then describe our surface sampling pro-
tocol and the laboratory procedures utilized to isolate bacteria and viral RNA. We proceed
to report the bacterial and viral inoculum on all sampled surfaces over the three sampling
points and discuss our results to show that the Smart Pod is a safe clinical environment
for vaccine delivery. Altogether, we hope that our work improves vaccine uptake in un-
derserved communities through increased confidence in vaccine delivery for healthcare
workers and vulnerable populations.

2. Materials and Methods

The Smart Pod isolation clinic features an “Americans with Disabilities Act” (ADA)-
compliant negative pressure isolation room (Exam Room 1) for severely symptomatic pa-
tients and two additional examination rooms (Exam Rooms 2 and 3) with enhanced posi-
tive air ventilation that can be used for vaccine administration. In its transport mode, the
Smart Pod is the size of a standard 8’ x 20" shipping container (Figure 2a). The collapsible
unit expands into a near 400-square-feet, square-shaped medical facility (Figure 2b).
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Figure 2. Photographs of the COVID-19 Smart Pod isolation clinic. (a) Folded unit in its transport
mode; (b) Expanded container-based clinic with an ADA-compliant ramp; (c) Entrance to the isola-
tion room; (d) Interior in the isolation room features bleachable surfaces; (e) A micromanometer shows
measurements of negative pressure in the isolation room; (f) One of the air supply outlets of the air dis-
tribution system; (g) Positive pressure evaluation in one of the air supply outlets using a velometer.

The negative pressure isolation room is operated by a Bag-In Bag-Out (BIBO) air pu-
rification system with a HEPA filter (Camfil, Stockholm, Sweden) that allows elimination
of 99.7% of pathogens (Figure 2c—e). In accordance with the CDC recommendation [40],
the negative pressure isolation room uses 12 air changes per hour (ACPH). This means
that after using the isolation room for an infectious patient, medical personnel have to
close the door of the empty isolation room and wait at least 35 min before re-entering the
room. In Figure 2e, an electronic micromanometer demonstrates a negative value of air
pressure behind the closed door of the isolation room.

The positive pressure air-distribution system is enhanced by an energy-efficient, self-
cleaning needlepoint bipolar ionization (NPBI) ozone-free air-purifier (Global Plasma So-
lutions Inc., Charlotte, NC, USA) designed to handle up to 2400 cubic feet per minute
(CFM) and a short-wavelength ultraviolet (UV-C) light air-purification system that covers
approximately 50 CFM (Vidashield UV24, Medical Illumination, San Fernando, CA,
USA). An individual air-duct branch is provided for the cross-contamination area and
each of the exam rooms (Figure 2f). Using a velometer to measure the speed of air at each
outlet of the air supply system (Figure 2g), we ensured nearly 10 ACPH in the positive
pressure area, adding protection against airborne infection. The UV-C air-purifier treats
10 x 10 x 8 cubic feet volume of air that circulates within the pass-through corridor be-
tween the check-in area and Exam Rooms 2 and 3.

Antibacterial flooring, aseptic cleanroom walls, a foot pedal-controlled sink, antimi-
crobial disposable curtains, and bleachable surfaces (Figure 2c,d) are supplied with the
goal of providing the same level of safety as a standard stationary hospital facility.

In this study, infection control was investigated via evaluation of surface and air-
filter sampling for the presence of viral and bacterial pathogens as a means of evaluating
infection control. Due to unprecedented circumstances during the pandemic and given the
volume of patients seen (with known and unknown SARS-CoV-2 infection status), collecting
patient metrics has not been feasible. In terms of provider metrics, after 11 months of daily
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usage, none of the healthcare workers (2 nurse practitioners, 3 medical assistants, 1 commu-
nity health workers, 1 clerk—each day, 2 shifts) have tested positive for SARS-CoV-2.

In Figure 3, a diagram presents the steps imperative for the evaluation of environ-
mental infection. Starting with the verification of regulatory requirements (domestic, na-
tional, and international) for hospitals and mobile isolation clinics, it is recommended to
check on the most updated CDC guidance for surface disinfection procedures and air-
exchange cycling. After this, the determination of operating hours and testing times
should take place to assure sampling in (1) the clean clinical facility before operating
hours, (2) presumably contaminated facility at peak hours, and (3) at the time after the
disinfection procedure performed in accordance with CDC recommendations. Surface
sampling spots must be pointed out to the patient and personnel traffic area, taking into
account all three dimensions (floor, walls, medical and office equipment and furniture)
[22,41]. It is crucial to understand the air flow distribution scheme and elements of air distri-
bution system to select air-sampling spots [24,25]. Then, target agents ought to be determined
and prioritized considering both viral and bacterial pathogens. Subsequently, testing and sam-
pling methods should be evaluate based on their accessibility and rigor. Afterwards, data col-
lection has to be carried out on the selected spots at the determined times. Analysis of the
obtained testing results requires consideration of the materials used for construction and
equipment of the evaluated mobile health clinic and compliance with accepted disinfection
protocol. Lastly, limitations of the study have to be comprehended and discussed.

Regulatory
requirements, Testing and ;
= sampling method Data collection

recommendations
< y

Operating hours Target agents Data analysis and
and testing times (bacteria & viruses) considerations

Surface sampling Air-flow scheme
spots and sampling spots

p “ 4

Limitations

Figure 3. Development of an environmental infection evaluation plan. Schematic guideline for develop-
ment of an evaluation procedure to assess biological decontamination in a mobile container medical unit.

In the COVID-19 Smart Pod isolation clinic, surface and air-filter grille sampling was
performed at 7 AM prior to opening, at 5 PM following the final patient encounter, and at
7 PM following the cleaning protocol (Figure 4).

Before Operating Hours Peak Activity After Cleaning
(7AM) (5 PM) (7 PM)

Surface sampling (exam

table, countertops, floor, wall,

door bar); air distribution
system sampling (air supply
and return filter grille)

Bacteria

COVID-19  (CFUs, MRSA,

VRE)

Surface sampling (exam
table, countertops, floor, wall,
door bar); air distribution
system sampling (air supply
and return filter grille)

Bacteria
COVID-19 (CFUs, MRSA,
VRE)

Surface sampling (exam
table, countertops, floor, wall,
door bar); air distribution
system sampling (air supply
and return filter grille)

Bacteria
COVID-19  (CFUs, MRSA,
VRE)

Figure 4. Diagram of the experimental procedure. Abbreviations: CFUs: colony forming units;
COVID-19: coronavirus disease 2019; MRSA: methicillin-resistant Staphylococcus aureus; VRE: van-
comycin-resistant enterococcus.
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We sampled floors, walls, door bars, exam tables, and countertops in high-traffic ar-
eas using CDC best practices [41] (Figure 5). We sampled the wall and floor in the negative
pressure isolation room to verify that the isolation room would remain pathogen-free,
even in cases of decompensated patients with COVID-19. The wall near the hand sanitizer
was sampled to detect potential transfer of pathogens while in use by patients.

For bacterial sampling, the swab from a sterile sampling kit (Copan eSwab 480C) was
wetted in the storage solution (Amies medium). For SARS-CoV-2 sampling, the swab from
a sterile sampling kit (Yocon MT0301) was wetted in the storage solution (Hank’s solu-
tion). To collect both bacteria and SARS-CoV-2 samples, a 10 cm? area was sampled in a
back-and-forth motion, followed by two more passes at 90° to the previous pass. The swab
was then placed into the sample tubes and stored at 4 °C until plating or qPCR. This pro-
tocol was repeated at each time point.

(€)  Entrance

* 14 .
Check-In Exam Room 2
¢
¢
¢ o 0 ¢
Exam Room 1 |4 Exam Room 3
Isolation Room
¢ ¢
'Y ¢
+ Air Supply + Door Bar R [ Exit

+ Air Return + Floor
Exam Table + Wall
+ Countertop

Figure 5. Sampling surfaces and air-distribution system. (a) Countertops; (b) Exam table/reclining
chair arm; (c) Air return filter grille in the area of positive pressure air flow; (d) Air supply in the
area of negative pressure air flow (isolation room); (e) Schematic of the mobile isolation clinic and
labeled sampling areas.

Bacterial detection samples were plated onto Methicillin-Resistant Staphylococcus au-
reus (MRSA) detection agar (Thermo Scientific, Waltham, MA, USA, Oxacillin resistance
screening agar base #CM1008B with ORSAB selective supplement #SR0195), Vancomycin-
Resistant Enterococcus (VRE) detection agar (Thermo Scientific Spectra™ VRE Medium
#R01832), and blood agar (Thermo Scientific Remel™ Tryptic Soy Agar #R455006 with 5%
defibrinated sheep’s blood #R54008). Plates (4 plates for each sample) were placed in a 37
°C incubator for 16 h. Single colonies were then counted.

We chose to measure MRSA and VRE colonies, since MRSA and VRE are common
nosocomial pathogens that can cause serious infections. While the incidence of MRSA and
VRE exposure in mobile clinics remains unknown, we nevertheless sought to quantify
MRSA and VRE colonies in order to suggest that the infection control measures employed
in the Smart Pod are robust and comparable to the infection control expectations in a large
community hospital.

SARS-CoV-2 detection was performed according to the CDC EUA protocol. To ex-
tract RNA, 200 uL of each sample was extracted using Purelink Pro 96 Viral RNA/DNA
Purification Kit (Invitrogen, Carlsbad, CA, USA, 12280096A). Detection of SARS-CoV-2
was accomplished by qPCR. Each sample was added to a reaction containing TaqPath 1-
Step RT-qPCR Master Mix (Applied Biosystems, Waltham, MA, USA, A15299) and a pri-
mer and probe set acquired from IDT (10006770). Assembled reactions were run on an
Applied Biosystems Quantstudio DX (4480299). Reverse transcription was accomplished
at 25 °C for 2 min, 50 °C for 15 min, and 95 °C for 2 min. The RT-qPCR reaction cycle
conditions were 95 °C for 3 s, then 55 °C for 30 s (repeated for 45 cycles).
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3. Results

In conjunction with Harris County Precinct 2, Baylor College of Medicine has pro-
vided the mobile clinic infrastructure [26,37] and educational support [38] for community-
based free COVID-19 care, available to everyone, without requiring proof of citizenship,
residence, or insurance. Patient visits for COVID-19 management and follow-up care be-
gan on 3 August 2020. As of 15 July 2021, nearly 14,289 appointments for COVID-19 test-
ing, COVID-19 management, and follow-up care have been provided to the Aldine area
in central Harris County (Texas) —about 60% of served patients—and Pasadena, TX, a city
in Harris County —about 40% of the served patients. Of those 14,289 patient encounters,
10,746 appointments were offered to provide COVID-19 testing alone. All other patient visits
(n =3543) addressed symptoms of upper respiratory illness/COVID-19 management, chronic
disease management, annual physical examination, and miscellaneous, uncategorized presen-
tations. Furthermore, more than 3000 vaccines have been administered in the Smart Pod.

In the COVID-19 Smart Pod isolation clinic, all patients that require respiratory or
droplet precautions have to be examined inside the negative pressure isolation room. To
increase infection control, we implemented a traffic scheme to segregate symptomatic and
asymptomatic patients and created an isolation ward that would quarantine infected
“mask-off” patients. Once vaccines became available, we pivoted to providing both
COVID-19 vaccination in addition to COVID-19 testing.

On the sampling day, 37 patients (adults (18+)—32, pediatric—>5) visited the Smart
Pod by the following categories:

- Visit type: sick visit—>5, annual physical —1, other vaccine—1;
- COVID-19: vaccine—16; test—14, positive—2, negative—11.

In Table 1, we demonstrate that SARS-CoV-2 swabs for all surfaces were negative at
all time points, except for the positive control.

Additionally, except for the positive control, all surfaces were negative for MRSA
and VRE colonies at all time points. Overall bacterial inoculum (measured as colo-
nies/cm?) was also relatively low. We show the pattern of change in the bacterial load of
sampled surfaces across three time points in Figure 6.

Table 1. Experimental results. Bacteria and virus detection on surface samples and air distribution system in the Smart

Pod isolation clinic.

Sample Tim COVID-19 Detection General Bacterial Culture * MRSA VRE
(N1 Ct) (CFUs/cm?) (CFUs/cm?) (CFUs/cm?)

Positive Control 33.8 8 11 6
Negative Control N.D. 0 0 0
Surface Samples 7AM N.D. 2 0 0
(10 sampling spots) >PM N-D. 4 0 0
7 PM N.D. 0 0 0

7 AM N.D. 3 0 0

Air Distribution System

(6 sampling Spg’ts) 5PM N.D. 6 0 0
7 PM N.D. 2 0 0

*: Median value of measurements obtained in four plates. N.D.: not detected.
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Figure 6. Bacteria detection on the selected surfaces and air distribution system. The mean values: (a) CFUs collected on
surfaces in the positive pressure area across three time points. (b) CFUs collected on surfaces in the negative pressure
isolation room across three time points. (¢) CFUs observed on air-filter grilles at Air Supply and Air Return outlets in
positive pressure area. (d) CFUs observed on Air Supply and Air Return filter grilles in negative pressure isolation room.

The highest biological contamination was detected on the floor in both positive pres-
sure air flow and negative pressure air flow areas, while CFU data from other surfaces con-
firmed that the negative pressure isolation room was characterized as a cleaner environment.
In particular, aseptic walls of the isolation room were endorsed to have zero bacteria.

4. Discussion

We have demonstrated the absence of COVID-19 contamination in the Smart Pod.
Our sampling date coincided with the visit of two SARS-CoV-2-positive patients to the
Smart Pod, which adds further significance to our results, as we are able to show sterile
surfaces in the context of a possible occasion for SARS-CoV-2 contamination. The absence
of MRSA and VRE from all samples is also notable. While absence of MRSA and VRE
might not necessarily correlate with clinical outcomes, these data still show advanced in-
fection control of the environment.

The pattern of total CFU change over the three sampling points is also informative.
During the peak hours of operation (5 PM), a spike in bacterial inoculum was observed
across all surfaces, yet following disinfection, the bacterial inoculum decreased. Further-
more, in the morning, prior to the start of operations (7 AM), the bacterial inoculum was sim-
ilarly low, suggesting the persistence of a sterile environment overnight in the Smart Pod.

In Figure 6a, the 7 PM rise in CFU concentration on the countertop is another demon-
stration of the importance of the strict disinfection procedure performed by personnel. It
is unclear why the CFU load rose on the countertop following disinfection. However, we
note that prior to deployment of the Smart Pod, all staff were trained to ensure that high-
contact surfaces remained clean. Specifically, we stressed the scrupulous sanitation of
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door handles, patient tables, nurses’ stations, and site of COVID-19 test storage. Such ed-
ucational measures comprise an important piece of the objective of maintaining a sterile
environment for COVID-19 testing and vaccine administration.

Additionally, during peak operation time (5 PM), the air purification system worked
to significantly blunt the bacterial load. CFU remained relatively low during the morning,
although a slight uptick was observed (Figure 6c). While the precise reason for this slight
increase is unclear, we speculate that the absence of UV-C air purification during the
nighttime resulted in a slightly higher bacterial inoculum during the morning. In the neg-
ative pressure isolation room (Figure 6d), there was a twofold drop in bacterial load from
the air return vs. air supply; in the positive pressure area, a greater than seven-fold de-
crease was observed between the air return and air supply (Figure 6¢). Accordingly, we
show that the Smart Pod air purification system worked to decrease bacterial inoculum.

Thus, we meticulously analyze the infection control features of the COVID-19 Smart
Pod isolation clinic that provided enhanced patient and personnel safety in the mobile
medical facility. Altogether, the Smart Pod can offer optimal conditions for the admin-
istration of vaccines, while also dually serving as a facility to provide acute care for se-
verely symptomatic patients.

The Smart Pod isolation clinic employs and builds upon many of the infection control
measures utilized by clinical facilities during the COVID-19 pandemic. We designed the
facility to ensure 6-feet distancing and unidirectional patient flow. In designing the Smart
Pod, we also strived to minimize airborne transmission of SARS-CoV-2 and respiratory
pathogens. Morawska et al. recommended the use of germicidal ultraviolet to combat the
airborne transmission of SARS-CoV-2 [42]. Likewise, we developed a UV-C air purifica-
tion system additionally coupled with an NPBI air ventilation. Antimicrobial curtains have
also shown efficacy in reducing bacterial inoculum [43,44] and we employed these in the
Smart Pod, along with aseptic walls and antibacterial flooring. The most significant differen-
tiator of the Smart Pod isolation clinic with other mobile medical units is a negative pressure
isolation room to contain any patients that may decompensate upon arriving in the Smart Pod.

The CDC emphasized triage to mitigate further spread of COVID-19 [45], and we have
implemented a triage model to minimize COVID-19 spread. Patients can be screened outside
the mobile unit, and those with symptoms of frank COVID-19 infection can be seen in the
negative pressure room. Testing can be performed outside, and if possible, in a drive-through
arrangement; vaccinations, however, can be carried out inside. Indeed, vaccinations can also
be performed outdoors, yet in resource-limited settings where it may be difficult to maintain
the vaccine cold chain, it may be logistically more practical to perform the vaccinations inside.
Additionally, maintaining unilateral patient flow will also be beneficial in limiting infection
spread, as person to person contact will naturally be minimized. Use of antimicrobial flooring
and curtains in addition to aseptic walls will limit pathogen surface inoculum and HEPA fil-
tering, needle-point bipolar ionization, and a UV-C air-purification system will eliminate any
aerosolized particles. Last but not least, education of staff to scrupulously clean high-contact
surfaces should also be a priority, as was highlighted in a number of publications [22,23,46,47].

Equipped with high-standard internet connectivity, the Smart Pod functionality can
also include components of telemedicine and telementoring to provide guidance and ed-
ucation to frontline community healthcare workers. Telementoring, by models such as
Project ECHO [48,49], allowed for highly motivating, interactive sessions on the latest best
practices, which were especially critical during a pandemic with rapidly changing guid-
ance around COVID-19 testing, management, vaccine administration. Smart Pod
healthcare workers were able to implement best practices and be able to counsel patients
with new information as it emerged in the literature, especially as challenges such as vac-
cine hesitancy arose. Specific questions and case discussions about COVID-19 manage-
ment and vaccine delivery were discussed and addressed to improve the confidence of
healthcare workers, increase awareness, and reduce vaccine hesitancy [38].

We hope that our findings will encourage the deployment of other mobile facilities,
employing similar infection control measures to minimize the risk to patients and
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healthcare workers within the mobile facility. We further hope that the Smart Pod will
allow for easier access and a novel approach to COVID-19 vaccine delivery, especially in
underserved communities with higher rates of vaccine hesitancy [50].

Our study should be interpreted in the context of several important limitations. Due
to a lack of standardization and well-defined terminology for mobile clinics (e.g., mobile
vs. relocatable, portable vs. on-wheels, container vs. van, expandable vs. non-expandable),
the keyword-based literature search and data comparison might be deficient. To the best
of our knowledge, this work is the first comprehensive study of environmental infection
control in such clinics. In addition, we recognize an important limitation of our study to
be the use of surface disinfection as a proxy measure of infection control. Nonetheless, no
providers tested positive during the evaluation period. Given the patient population, col-
lecting statistics on patient infection rate is not feasible, nor is it a valid measure of the
efficacy of the Smart Pod in preventing infection, as many incoming patients are positive
and may have acquired infection from the outside.

In the future, we will focus on development of a Smart Pod educational platform for
healthcare workers in community-based clinics, employing augmented reality (AR) and vir-
tual reality (VR) technology and automation of disinfection solutions when it is possible.

5. Conclusions

In summary, we have shown that the Smart Pod is an innovative paradigm for vac-
cine delivery in disaster and pandemic situations that also adheres to established stand-
ards of infection control and prevention. To build confidence in community-based vaccine
delivery infrastructure, we have demonstrated that well-designed mobile clinics are ca-
pable of providing a safe clinical environment with comprehensive biological decontam-
ination for both patients and healthcare workers. We stress the necessity of regular train-
ing of personnel in disinfection protocols and a high standard of services in community-
based clinical sites in resource-constrained settings.

6. Patents

Patent WO2016077466A1 “Mobile Clinics”. Nos. 62/078,924, filed 12 November 2014,
and 62/237,138, filed 5 October 2015.

Author Contributions: Conceptualization—E.P., S.A.; methodology—E.P., T.F, M.AM., SM.P,;
data collection—T.P.J., T.E,, E.P.,, H.M,; investigation—T.F., H.M.; data curation—T.P.]., E.P.; visual-
ization—E.P.; resources—J.P., S.A.; writing—original draft preparation—E.P., T.F., T.P.J.; writing—re-
view and editing—S.M.P.,, M.A.M,, ].P,, S.A,; funding acquisition—S.A., EP., T.F, T.P.J, HM., M. AM,,
S.M.P., ].P. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no specific grant from any funding agency in the public, commer-
cial, or not-for-profit sectors.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable

Data Availability Statement: The data that support the findings of this study are available from the
corresponding authors upon reasonable request.

Acknowledgments: We acknowledge the support of the Smart Pod program by the BCM leadership
and the team of Harris County Precinct 2, which is led by Commissioner Adrian Garcia, as well as
everyone who contributed to this community-based project. The authors are thankful to the team of
Baylor Global Health for administrative and technical assistance.

Conflicts of Interest: The funders had no role in the design of the study; in the collection, analyses,
or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.
Sharmila Anandasabapathy reports a relationship with Chief Medical Officer of Xploration Health,
which manufactures Smart Pod, that includes: equity or stocks. Sharmila Anandasabapathy has pa-
tent Collapsible Mobile Medical Clinics issued to Baylor College of Medicine. No other declaration.
No other conflict.



Vaccines 2021, 9, 1362 11 of 12

References

1. Nelson, R. COVID-19 disrupts vaccine delivery. Lancet Infect. Dis. 2020, 20, 546.

2. Reiter, P.L.; Pennell, M.L.; Katz, M.L. Acceptability of a COVID-19 vaccine among adults in the United States: How many people
would get vaccinated? Vaccine 2020, 38, 6500—-6507.

3. Gianfredi, V.; Pennisi, F.; Lume, A.; Ricciardi, G.E.; Minerva, M.; Ricco, M.; Odone, A.; Signorelli, C. Challenges and Opportu-
nities of Mass Vaccination Centers in COVID-19 Times: A Rapid Review of Literature. Vaccines 2021, 9, 574.

4. CDC. Community, Work, and School. 2019. Available online: https://www.cdc.gov/coronavirus/2019-ncov/community/health-
equity/race-ethnicity.html (accessed on 3 August 2021).

5. Lopez, L.; Hart, L.H.; Katz, M.H. Racial and Ethnic Health Disparities Related to COVID-19. JAMA 2021, 325, 719-20.

6.  Abedi, V.;Olulana, O.; Avula, V.; Chaudhary, D.; Khan, A ; Shahjouei, S.; Li, J.; Zand, R. Racial, Economic, and Health Inequality
and COVID-19 Infection in the United States. J. Racial Ethn. Health Disparities 2021, 8, 732-742.

7. Shadmi, E.; Chen, Y.; Dourado, I.; Faran-Perach, I; Furler, J.; Hangoma, P.; Hanvoravongchai, P.; Obando, C.; Petrosyan, V.;
Rao, K.D,; et al. Health equity and COVID-19: Global perspectives. Int. |. Equity Health 2020, 19, 104.

8.  Table 62. No Usual Source of Health Care Among Adults Aged 18-64, by Selected Characteristics: United States, Average An-
nual, Selected Years 1993-1994 through 2015-2016. Available online: https://www.cdc.gov/nchs/data/hus/2017/062.pdf (ac-
cessed on 3 August 2021).

9. MacDonald, N.E. SAGE Working Group on Vaccine Hesitancy. Vaccine hesitancy: Definition, scope and determinants. Vaccine
2015, 33, 4161-4164.

10. Callaghan, T.; Moghtaderi, A.; Lueck, J.A.; Hotez, P.J.; Strych, U.; Dor, A.; Fowler, E.F.; Motta, M. Correlates and disparities of
COVID-19 vaccine hesitancy. SSRN 2020, 272, 113638.

11. Bertoncello, C.; Ferro, A.; Fonzo, M.; Zanovello, S.; Napoletano, G.; Russo, F.; Baldo, V.; Cocchio, S. Socioeconomic Determinants
in Vaccine Hesitancy and Vaccine Refusal in Italy. Vaccines 2020, 8, 276.

12.  Momplaisir, F.M.; Kuter, B.J.; Ghadimi, F.; Browne, S.; Nkwihoreze, H.; Feemster, K.A.; Frank, I.; Faig, W.; Shen, A.K. Offit PA,
Green-McKenzie, J. Racial/Ethnic Differences in COVID-19 Vaccine Hesitancy Among Health Care Workers in 2 Large Aca-
demic Hospitals. JAMA Netw. Open 2021, 4, €2121931.

13. Yu, SW.Y,; Hill, C,; Ricks, M.L.; Bennet, J.; Oriol, N.E.; The scope and impact of mobile health clinics in the United States: A
literature review. Int. |. Equity Health 2017, 16, 178.

14.  George, S. IHI Teams up with Leading Mobile Health Clinics to Spotlight Innovative Approaches to Improving Health and Health Care
Services; Institute for Healthcare Improvement: Boston, MA, USA, 2014; pp. 1-3.

15.  Samouei, R.; Abbasi, S.; Mohajer, H. Investigation of mobile clinics and their challenges. Int. |. Health Syst. Disaster Manag. 2016,
4,1-5.

16. Aung, K, Hill, C.; Bennet, J.; Song, Z.; Oriol, N. The Emerging Business Models and Value Proposition of Mobile Health Clinics.
AJMC.com. 2015. Available online: http://www.ajmc.com/journals/ajac/2015/2015-vol3-n4/the-emerging-business-models-
andvalue- proposition-of-mobile-health-clinics (accessed on 26 March 2017).

17.  Krol, D.M,; Redlener, M.; Shapiro, A.; Wajnberg, A. A Mobile Medical Care Approach Targeting Underserved Populations in
post-Hurricane Katrina Mississippi. ]. Health Care Poor Underserved 2007, 18, 331-340.

18. Dash, U.; Muraleedharan, V.R.; Prasad, B.M.; Dash, S.D.; Acharya, D.; Lakshminarasimhan, S. Access to Health Services in Under
Privileged Areas; A Case Study of Mobile Health Units in Tamil Nadu and Orissa; Department of Humanities and Social Sciences
Indian Institute of Technology Madras: Tamil Nadu, India, 2008.

19. Corwin, C; Sinnwell, E.; Culp, K. A Mobile Primary Care Clinic Mitigates an Early COVID-19 Outbreak among Migrant Farm-
workers in Iowa. ]. Agromed. 2021, 1-6, https://doi.org/10.1080/1059924X.2021.1913272.

20. Tulledge-Scheitel, S.; Bell, S.J.; Larsen, ].J.; Bierle, D.M.; Takahashi, P.; Moehnke, D.E.; Borgen, M.].D.; Springer, D.J.; Rein-
schmidt, K.J.; Baumbach, L.J.; et al. A mobile unit overcomes the challenges to monoclonal antibody infusion for COVID-19 in
skilled care facilities. ]. Am. Geriatr. Soc. 2021, 69, 868-73.

21. Baker, D.R.; Cadet, K.;; Mani, S. COVID-19 Testing and Social Determinants of Health among Disadvantaged Baltimore Neigh-
borhoods: A Community Mobile Health Clinic Outreach Model. Population Health Management. Popul. Health Manag. 2021,
https://doi.org/10.1089/pop.2021.0066.

22. Lei, H,; Ye, F; Liu, X,;; Huang, Z; Ling, S.; Jiang, Z.; Cheng, ].; Huang, X.; Wu, Q.; Wu, S,; et al. SARS-CoV-2 environmental
contamination associated with persistently infected COVID-19 patients. Influenza Other Respir. Viruses 2020, 14, 688-699.

23.  Sydnor, E.R,; Perl, T.M. Hospital epidemiology and infection control in acute-care settings. Clin. Microbiol. Rev. 2011, 24, 141-
73.

24. Chirico, F.; Sacco, A. Bragazzi, N.L; Magnavita, N.; Can Air-Conditioning Systems Contribute to the Spread of
SARS/MERS/COVID-19 Infection? Insights from a Rapid Review of the Literature. Int. |. Environ. Res. Public Health 2020, 17,
6052.

25. Correia, G.; Rodrigues, L.; Gameiro da Silva, M.; Gongalves, T. Airborne route and bad use of ventilation systems as non-egli-
gible factors in SARS-CoV-2 transmission. Med. Hypotheses 2020, 141, 109781.

26. Harris County’s New Smart Pod Mobile ACCESS2Health First in U.S. Available online: https://www.fox26hou-
ston.com/news/harris-countys-new-smart-pod-mobile-access2health-first-in-u-s (accessed on 3 August 2021).

27. Petrova, E.V.; Xu, H.; Franklin, B.A.; Woc-Colburn, L.E.; Anandasabapathy, S. COVID-19/Coronavirus Outbreak: A Rapidly

Deployable Medical Facility Optimized for Epidemics (Smart Pod). ]. Vis. Exp. 2020, e6423.



Vaccines 2021, 9, 1362 12 of 12

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Global Perspective. TMC News. Available online: https://www.tmc.edu/news/2015/03/global-perspective/ (accessed on 3 Au-

gust 2021).

USAID Funds Ebola “Smart Pod” Project [Internet]. Available online: https://www.federaltimes.com/govcon/2015/02/20/usaid-

funds-ebola-smart-pod-project/ (accessed on 3 August 2021).

Emergency Smart Pods—Transforming Containers into Modern Medical Clinics. Available online: https://2017-
2021.state.gov/emergency-smart-pods-transforming-containers-into-modern-medical-clinics/ (accessed on 3 August 2021).

Petrova, E.V.; Avadhanula, V.; Michel, S.; Gincoo, K.E.; Piedra, P.A.; Anandasabapathy, S. Remote Laboratory Management:
Respiratory Virus Diagnostics. J. Vis. Exp. 2019, 59188, doi:10.3791/59188.

Allman, M.; Bhushan, S.; Montealegre, J.; Hilmers, D.; Petrova, E.; Anandasabapathy, S. Rapidly Deployable “Smart” Labs In Epi-

demics: Barriers and Facilitators to Implementation; Washington, DC, USA, 2020.

Liberia Gets Virus Specimen Testing Lab For Rapid Diagnostic Response. Available online: https://frontpageafrica-

online.com/news/liberia-gets-virus-specimen-testing-lab-for-rapid-diagnostic-response/ (accessed on 3 August 2021).
Bhushan, S.; Allman, M.; Montealegre, J.; Petrova, E.; Anandasabapathy, S. Improving Health Equity Post-Ebola: Evaluating Ac-

ceptability of Augmented Reality Technologies for Standardized and Safe Laboratory Training in Liberia; Health Equity Summer Re-

search Summit: Houston, TX, USA, 2019.

Petrova, E.V.; Franklin, B.A.; Woc-Colburn, L.E.; Anandasabapathy, S. COVID-19/Coronavirus Outbreak: Donning and Doffing

Personal Protective Equipment (PPE) for Healthcare Providers. |. Vis. Exp. 2020, 2, e6425.

Petrova, E.V.; Xu, H.; Franklin, B.A.; Woc-Colburn, L.E.; Anandasabapathy, S. COVID-19/Coronavirus Outbreak: Guidance for

Hand Hygiene for Healthcare Providers to Ensure a Safe and Healthy Environment. ]. Vis. Exp. 2020, e6424, doi:10.3791/6424.

SmartPod Facility to Expand Healthcare Access in Pasadena. Available online: https://www.houstonchronicle.com/neighbor-
hood/pasadena/news/article/SmartPod-facility-to-expand-healthcare-access-in-15944100.php (accessed on 3 August 2021).
Rodriguez, N.; Goebel, M.; Bhushan, S.; Anandasabapathy, S.; Patel, S.M. Utilization of Project ECHO for COVID-19 Medical
Knowledge and Best Practices for Health Professionals serving an Underserved Population. In Proceedings of the IDWEEK
Virtual 2021, Washington, DC, USA, 29 September—3 October 2021. (Virtual poster #973; 29 September 2021).

Rutala, W.A.; Weber, D.J.; the Healthcare Infection Control Practices Advisory Committee (HICPAC). CDC: Guideline for Dis-

infection and Sterilization in Healthcare Facilities, 2008 Update: May 2019. Available online: https://www.cdc.gov/infectioncon-

trol/guidelines/disinfection/ (accessed on 3 August 2021).

Guidelines for Environmental Infection Control in Health-Care Facilities Background F: Environmental Sampling. Available

online: https://www.cdc.gov/infectioncontrol/guidelines/environmental/appendix/air.html (accessed on 3 August 2021).

Guidelines for Environmental Infection Control in Health-Care Facilities Appendix B: Air. Available online:
https://www.cdc.gov/infectioncontrol/guidelines/environmental/background/sampling.html (accessed on 3 August 2021).
Morawska, L.; Tang, ].W.; Bahnfleth, W.; Bluyssen, P.M.; Boerstra, A.; Buonanno, G.; Cao, J.; Dancer, S.; Floto, A.; Franchimon,

F.; et al. How can airborne transmission of COVID-19 indoors be minimised? Environ. Int. 2020, 142, 105832.

Schweizer, M.; Graham, M.; Ohl, M.; Heilmann, K.; Boyken, L.; Diekema, D. Novel Hospital Curtains with Antimicrobial Prop-

erties: A Randomized, Controlled Trial. Infection control and hospital epidemiology. Infect. Control. Hosp. Epidemiol. 2021, 33,

1081-1085.

Wilson, G.; Jackson, V.; Boyken, L.; Puig-Asensio, M.; Marra, A.R.; Perencevich, E.; Schweizer, M.L.; Diekema, D.; Breheny, P.;

Petersen, C. A randomized control trial evaluating efficacy of antimicrobial impregnated hospital privacy curtains in an inten-

sive care setting. Am. J. Infect. Control. 2020, 48, 862-8.

Interim Infection Prevention and Control Recommendations for Healthcare Personnel during the Coronavirus Disease 2019

(COVID-19) Pandemic. Available online: https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommenda-

tions.html (accessed on 3 August 2021).

Burke, J.P. Infection Control— A Problem for Patient Safety. NEJM 2003, 348, 651.

Chen, X;; Tian, J.; Li, G.; Li, G. Initiation of a new infection control system for the COVID-19 outbreak. Lancet Infect. Dis. 2020,
20, 397-398.

Thies, K.M.; Gonzalez, M.; Porto, A.; Ashley, K.L.; Korman, S.; Lamb, M. Project ECHO COVID-19: Vulnerable Populations and
Telehealth Early in the Pandemic. J. Prim. Care Community Health 2021, 12, 21501327211019286.

Katzman, ].G.; Tomedi, L.E.; Everly, G.; Greenwood-Ericksen, M.; Romero, E.; Rosenbaum, N.; Medrano, ].; Menking, P.; Archer,

G.R.D.; Martin, C.; et al. First Responder Resiliency ECHO: Innovative Telementoring during the COVID-19 Pandemic, Int. ].

Environ. Res. Public Health 2021, 18, 4900.

Lyu. H,; Wang, J.; Wu, W.; Duong, V.; Zhang, X.; Dye TD, Luo, ]. Social media study of public opinions on potential COVID-19
vaccines: Informing dissent, disparities, and dissemination. Intell. Med. 2021. in press.



