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Abstract
Purpose of Review Novel technologies, such as high-definition cameras, encryption software, electronic stethoscopes,
microfluidic diagnostic systems, and widely available broadband Internet have expanded the potential for telemedicine. This
narrative review presents current and future uses of telemedicine in the prevention, diagnosis, treatment, stewardship, and
management of infectious disease.
Recent Findings Beginning in the 1990s, early approaches to telemedicine in infectious disease focused largely on treatment of
HIV/AIDS, hepatitis C, and tuberculosis. However, recent innovations allow for targeting of additional diseases and in increas-
ingly remote settings. Telemedicine allows virtual visits between patients in the home and remote providers, permitting outpatient
management of complex conditions, such as post-surgical site monitoring, and non-urgent infectious maladies, such as uncom-
plicated urinary tract infection. Remote provider education by videoconference and integrated clinical decision support tools
create avenues to improve inpatient care, including antimicrobial stewardship. Technological strides from miniaturization of
diagnostic tests to robotic telepresence physical exams improve access to infectious disease care in isolated and infrastructure-
poor environments, from cargo ships to other resource-limited settings.
Summary Telemedicine in the field of infectious disease is rapidly expanding in clinical, technological, geographical, and human
capacity. Recent innovations narrow gaps in access to care for populations traditionally underserved, stigmatized, isolated by
remote geography, or lacking technological infrastructure. Current and future approaches will transform inpatient, outpatient, and
remote care.
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Introduction

Telemedicine (also known as telehealth) is the use of audio-
video technologies to improve patient health by facilitating
interactions between patients and clinicians or between two
or more clinicians through “videoconferencing, transmission
of still images, e-health including patient portals, remote mon-
itoring of vital signs, continuing medical education, and nurs-
ing call centers” [1]. These interactions can be synchronous,
wherein parties engage in real-time, two-way communication
(e.g., a video call), or asynchronous, wherein parties share
information that can be reviewed and responded to with a
delay of time between communication (e.g., e-mail) [1].
Telemedicine can increase patients’ and primary care pro-
viders’ access to specialists (e.g., e-visits, e-consults), be used
to deliver continuing medical education (CME), and provide
access to programs and resources for small or rural hospitals
(e.g., tele-antimicrobial stewardship) [2]. The benefits of
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telemedicine in infectious disease (ID) for patients are well-
understood, including saving time, reducing travel and missed
workdays, increasing access to specialty care, and increasing
satisfaction and involvement in care [3]. Telemedicine is also
beneficial for clinicians, as its use is associated with reduc-
tions in canceled or late appointments [3]. Furthermore, there
is evidence that telemedical infectious disease care is at least
as cost-effective as traditional infectious disease care [3].

Telemedicine has been in use for managing infectious dis-
ease since the 1990s, with early work focusing on treatment of
HIV/AIDS [4, 5], hepatitis C [6], and tuberculosis [7, 8].
Today, as technology has advanced, the potential of telemed-
icine has expanded in innovative directions, and the use of
telemedicine has expanded to the treatment of a wider array
of both acute and chronic infections. Today’s approaches in-
corporate novel technologies, such as high-definition cameras,
encryption software, and electronic stethoscopes, otoscopes,
and ophthalmoscopes [9••]. These technological advances
drive innovative uses of telemedicine for prevention, diagno-
sis, treatment, and management of infectious diseases. As
technology has continued to advance, new work at the inter-
section of telemedicine and ID has proliferated. The purpose
of this narrative review is to describe current and future uses of
telemedicine in the field of ID, highlighting recent innova-
tions. Notably, in the current study, we exclude patient-
facing mobile health (mHealth) consumer technologies. We
made this decision because such technologies, typically au-
tonomously used by patients and largely or fully detached
from the clinical care setting (e.g., mobile apps and
smartwatches), are conceptually distinct from telemedicine
technologies that require active clinician engagement for man-
agement of infectious diseases.

Recent Developments in Telemedicine
for Infectious Disease

Areas of ID with recent developments in telemedicine include
prevention, treatment, and management of sexually transmit-
ted and blood-borne infections (STBBIs), ID home care, ID
care in-hospital, and care on the “frontier” (i.e., in remote,
resource limited, and isolated environments).

Telemedicine for Sexually Transmitted
and Blood-Borne Infections (STBBIs)

Treatment of sexually transmitted and blood-borne infections
(STBBIs) is complicated by unique barriers to care in the form
of real and perceived stigmatization. Patient-reported barriers
include embarrassment and fear of judgment in the face-to-
face consultation setting, a culture of silence around STBBI
testing and treatment, fear of being seen accessing STBBI
services, medical distrust, and concerns for privacy and

confidentiality [10–12]. These social barriers are amplified
by structural barriers to obtaining care, such as low socioeco-
nomic status and geographical remoteness [13••]. Because
telemedicine interventions can reduce the need for in-clinic
visits, they have the potential to improve access to care by
addressing both social and structural concerns.

Hepatitis C

Hepatitis C virus (HCV) is a significant, global cause of mor-
bidity and mortality from cirrhosis, end-stage liver disease,
and hepatocellular carcinoma, infecting over 180 million peo-
ple globally [14]. In the developed world, HCV disproportion-
ately affects vulnerable and difficult-to-access populations,
including racial minorities, indigenous populations, persons
who inject drugs, men and transwomen who have sex with
men (MSM), prisoners, and homeless persons [14–16].
Telemedicine can reduce barriers to care that these populations
may frequently encounter in a tertiary hepatology setting
[16–18].

Successful recent telemedicine interventions in the treat-
ment of HCV implement initiatives for high-risk populations
are led by nurses, pharmacists, and primary care providers
with support from remote hepatology specialists. For exam-
ple, nurse-led care initiatives in the prison setting, where in-
carcerated persons have a high estimated HCV seroprevalence
between 8 and 57% [19], supplemented by nurse-provider
consults and patient-physician videoconference e-visits, have
been effectively implemented in Australia and Northern
England [20]. Similarly, studies in rural and remote settings
of HCV treatment have found success with pharmacist-[18]
and nurse-led [21, 22] care, reducing the frequency of face-to-
face specialist consultations via web-based e-portals and e-
consultations. The United States Department of Veterans
Affairs (VA), the largest provider of treatment to patients with
HCV in the USA, cares for a population challenged by lack of
transportation, rural distribution, homelessness, substance
abuse, mental illness, and medical comorbidities [23]. VA best
practices include the use of telemedicine to expandHCV treat-
ment capacity through non-physician providers based on the
Project Extension for Community Healthcare Outcomes [24,
25] (ECHO) model, an HCV virtual training program for pri-
mary care providers based on case-based education [23]. In a
study of 4173 primary care providers at 152 VA sites respon-
sible for the care of 38,753 patients, Project ECHO increased
incidence of direct-acting antiviral treatment and decreased
time to treatment while allowing patients to achieve sustained
virological responses that were similar between specialists and
primary care providers [26]. Project ECHO has recently been
implemented beyond the treatment of HCV for perinatal treat-
ment of human immunodeficiency virus (HIV) [27] and pre-
scribing of pre-exposure prophylaxis (PReP) [28] in the
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Northwestern USA and for education on antimicrobial stew-
ardship among inpatient providers at rural VA hospitals [29].

Treatment of HIV

HIV and acquired immunodeficiency syndrome (AIDS) are
global problems, with an estimated 33.3million people world-
wide living with the infection at the end of 2015 [30].
Increasingly widespread use of highly active anti-retroviral
therapy (ART) has led to reductions in new infections and a
43% reduction in HIV-related deaths since 2003.
Administering and encouraging compliance with ART was
one of the earliest, widespread applications of telemedicine
in the treatment of infectious disease. In the past decade, the
most common target of HIV-associated telemedicine has been
ART adherence [31]. HIV telemedicine interventions since
1996 have implemented various modes of digital engagement,
including web-based interventions and educational modules,
text messages, chat rooms, and social media [13, 32]. A 2017
systematic review of 99 studies conducted between 1996 and
2017 showed that telemedicine interventions on HIV treat-
ment improve clinic attendance rates and adherence to ART
and reduce risky behaviors [13], although not all interventions
translate smoothly across cultural and linguistic boundaries
[33, 34].

Further, telemedicine holds promise to expand access to
specialty HIV care to isolated populations. For example, a
tertiary care network in the UK and Ireland has implemented
a model wherein a multi-disciplinary specialist team asyn-
chronously reviews cases from a regional network of general
pediatricians caring for infants and children perinatally infect-
ed with HIV on a monthly basis. This allows children to be
treated in near-home, often rural, settings [35].

An emerging telemedicine application in HIV/AIDS treat-
ment combats cytomegalovirus (CMV) retinitis, a complica-
tion of AIDS and leading cause of blindness in HIV-infected
populations with limited access to ART. Challenges to screen-
ing result from shortages of ophthalmologists, particularly in
rural and resource-poor settings. Building on prior work on
teleophthalmology for the diagnosis of diabetic retinopathy or
retinopathy of prematurity, two studies in Thailand used mo-
saic fundus photography on dilated eye exam with asynchro-
nous evaluation by remote raters for CMV screening [36, 37].
However, some evidence suggests this evaluation was subop-
timal compared to in-clinic, expert, ophthalmologist raters
[36, 37], suggesting that more work needs to be done.

Prevention of HIV

Pre-exposure prophylaxis (PrEP) by tenofovir-emtricitabine
regimens, as a strategy for HIV/AIDS prevention and elimi-
nation, is recommended for persons at risk of sexual- and
drug-related HIV transmission [30, 38]. The recent evidence

for telemedicine’s role in HIV/AIDS prevention appears to be
mixed. Telemedicine is favorably adopted by MSM for HIV/
AIDS treatment and prevention due to increased privacy [39,
40•], especially MSM who are young with high school edu-
cation or higher [40•]. Traditional barriers to PrEP, including
confidentiality, convenience, and peer stigma, can be reduced
by the use of online platforms for STI testing and telemedicine
visits [12]. However, videoconferenced e-visits, which can
facilitate PrEP prescribing, have been associated with an in-
crease inmissed PrEP doses and skipped follow-up visits [41].
In another study, the University of Washington recently sup-
ported community providers to provide PrEP in primary care
settings in 6 US northwestern states [28]. Physicians reported
improved educational outcomes with lingering concerns, in-
cluding patient adherence, identifying appropriate candidates,
drug resistance, toxicity, and costs [28].

Other STIs

Sexually transmitted infections (STI) are widespread, with
376 million cases of chlamydia, gonorrhea, syphilis, or tricho-
moniasis per year, and over 290 million women living with
human papillomavirus (HPV) [42]. Despite this prevalence, as
previously mentioned, there remain structural barriers to STI
screening, including limited availability of STI services in
primary care, and lack of access to health services among
vulnerable populations such as adolescents, people who inject
drugs, or MSM, creating a need for telemedicine in this area
[42].

Chlamydia trachomatis, one of the most commonly report-
ed bacterial STIs, disproportionately affects people ages 16–
24 years old [43••]. Patients in this age group have high usage,
comfort, and availability of smartphones and internet and are
considered “rapid adopters of new technology,” making them
ideal targets for telehealth approaches [44•, 45]. A novel, in-
tegrated approach to STI treatment, the eSexual Health Clinic
(eSHC), was developed by UK’s National Health Service
(NHS). Patients with untreated chlamydia enter eSHC, a
web portal that links patients to an automated online consul-
tation, test results, health promotion, prescription antibiotics, a
telephone helpline, a place to facilitate partner notification,
and features for surveillance [43••, 44•]. Similar programs
using an online portal to integrate extra-clinic STI testing with
phone consultations and remote prescribing have been suc-
cessfully implemented in for youth in Canada [46] and for
young women in California [47]. Users of these approaches
report high satisfaction, including easier and faster use, trust-
worthiness of the system, reduced stigma or embarrassment,
improved privacy and confidentiality, and recognized advan-
tages in convenience and privacy in the e-testing system over
an in-clinic visit for testing [10, 45, 47]. Some users cited a
desire for human support after a positive test, but a telephone
helpline was considered sufficient and was implemented in
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eSHC [10, 43••, 45]. Although user responses were over-
whelmingly positive, online testing systems had limited reach
with youth with high school or less than high school educa-
tion, youth with low literacy, and minority populations [47].

The Emerging Role of Telemedicine in ID Home Care

Mobile technologies open new doors to enhance quality of
remote physical exam and home care for many infectious
diseases, including surgical site infection and tuberculosis.
Telemedicine for home care may take the form of a direct-
to-consumer (DTC) e-visit to address a non-urgent infectious
disease (i.e., a video- or telephone-supported conversation be-
tween patient and provider) [48–51], or as provider support
for nursing care in the home.

Surgical Site Infection

Surgical site infection (SSI) is the most common cause of
nosocomial infection in surgical patients, with 50% of SSIs
developing after discharge [52]. Discharged patients in the
home setting face difficulties with physical and cognitive
self-efficacy, education, and provider communication for
wound monitoring [53]. As a result, patients often are unable
to recognize early signs of SSI [54]. Telemedicine provides
the opportunity to fill an important gap in at-home postoper-
ative woundmonitoring. Recent pilot studies have implement-
ed platforms in which patients submit smartphone photo-
graphs of the post-surgical site for remote, asynchronous re-
view by medical personnel [55, 56], which significantly im-
proves the accuracy of a remote physician assessment over
chart review alone [57]. Although smartphone ownership
and willingness to use a mobile home-monitoring system are
high among targeted patient populations [55, 58], patients
who are older, [55, 58], obese, or who have wounds in less
accessible areas (e.g., the groin) [55], experience increased
difficulty in implementing a smartphone-based system. This
approach to wound monitoring is emerging, with small sam-
ple sizes and variable diagnostic sensitivity [56, 57]. Work
remains to improve diagnostic accuracy and patient
experience.

Tuberculosis

Tuberculosis (TB) is the leading cause of death from a single
infectious agent worldwide [59]. Although curative antibiotics
are widely available, treatment failure and drug resistance re-
sult from missed doses and early discontinuation of lengthy
antibiotic regimens [60]. To improve adherence, the World
Health Organization (WHO) recommends that antibiotics are
administered as directly observed therapy (DOT), with a
healthcare worker supervising the ingestion of each dose
[61]. However, daily transit to a health clinic for DOT may

be burdensome [62]. Prior work found that DOT in a health
facility did not significantly improve rates of treatment com-
pletion compared to observed DOT in the home setting, ob-
servation by a family member, or self-administered antibiotics
[60]. Therefore, WHO encourages the use of communication,
information, and mobile technologies to support DOTat home
[61]. A new approach, video directly observed therapy
(VDOT), allows patients to synchronously or asynchronously
document drug ingestion using a smartphone camera. A 2018
survey found that VDOT led to equal or higher treatment
adherence and completion compared to in-person DOT, with
associated cost savings and benefits of patient and staff satis-
faction [63]. A recent study examined the use of VDOT plus
SMS message reminders in high- (San Diego, CA, USA) and
low-resource settings (Tijuana, Baja California, Mexico), and
found a mean adherence of 93% among patients in the USA
and 96% in Mexico [62]. Patients reported high satisfaction,
convenience, and perceived confidentiality, although poor
video capture of pill ingestion occasionally prevented confir-
mation that a dose had been taken properly [62].

Non-Urgent Care at Home

Direct to consumer (DTC) telemedicine, in which synchro-
nous care delivery occurs via real-time audiovisual conferenc-
ing, is increasingly used to address low-acuity infectious dis-
ease care, including respiratory tract and urinary tract infec-
tions [48, 50, 64•, 65]. However, DTC does not always result
in consistent care: quality of care, including history-taking,
diagnostic accuracy [51], follow-up rates, and sequential test-
ing [50, 65, 66] can vary between providers. For example,
compared to in-person care, some providers via DTC pre-
scribe antibiotics at increased rates [50, 67], while others pre-
scribe at lower rates [68]. Similarly, rates of broad-spectrum
antibiotic use and adherence to best-practice antimicrobial
stewardship guidelines are appropriate in some providers
[49, 65, 69] but mismanaged in others [49, 67].
Antimicrobial stewardship best practices are complicated by
a drive for patient satisfaction: Patients who do not receive
antibiotics rate their care poorer [70] and require longer patient
encounters [71]. Despite these limitations, DTC creates cost
savings compared to other methods of low-acuity care deliv-
ery, including urgent care clinics, primary care providers, and
emergency departments [50]. Future work should seek to im-
prove the care processes, particularly antimicrobial steward-
ship, around DTC for infectious diseases.

Novel Uses of Telemedicine for In-Hospital ID Care

The remote e-consult between providers is a well-established
mode of telemedicine delivery. Historically, e-consults have
been implemented asynchronously within the electronic
medical system via chart review [72]. Although remote
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providers may have positive opinions of the potential of e-
consults to improve access to timely care [73], some consult-
ing subspecialists express concerns about their abilities to
provide “high-quality consultation” through a chart review
[74]. In recent models in ID, providers in a hospital lacking
a staff ID physician have e-consulted with a remote specialist
through synchronous or audiovisual technologies. An in-
network “hub-and-spokes” model for delivering physician
continuing education or specialist care to off-site providers
has been implemented in inpatient [72, 74, 75] and clinic
[76] settings. Some implementations facilitate intra-hospital
specialist infectious disease consults [77•, 78].

Antimicrobial Stewardship

Antimicrobial stewardship is a core quality improvement con-
cern in hospital care. Effective from 2017, The Joint
Commission standard for all US hospitals and nursing care
centers requires access to a multi-disciplinary antimicrobial
stewardship team of an ID physician, infection preventionist,
and pharmacist to encourage accountability, drug expertise,
and education of providers and patients [79]. Given limited
resources, some small or rural hospitals have chosen to com-
ply with the antimicrobial stewardship team mandate via tele-
medicine, commonly in the form of asynchronous clinical
decision support tools, with varying success. Howell et al.
[80] report an electronic health record (EHR)-based clinical
decision support tool, in which a remote, ID-trained pharmacy
specialist conducted daily chart reviews, triggered by an auto-
matic alert system, to electronically communicate recommen-
dations to providers. Although the guideline-compliant inter-
vention reduced costs, acceptance of suggested interventions
was low (11% accepted, 6% accepted modified) resulting
from barriers in workflow, consistency, and communication.
A similar implementation in a US long-term care attempted
daily e-mail recommendations in response to remote specialist
chart review [81]. This resulted in 48% acceptance, reduced
use of antibiotics, and decreased incidence of hospital-
acquiredClostridium difficile infection [81]. In a regional hos-
pital in Brazil, a web-based system providing almost immedi-
ate, text-based, post-prescription feedback from ID physicians
to remote providers was associated with an increased rate of
appropriate antimicrobial prescription and reduced costs [82•].
In a synchronous implementation in Sicily, a biweekly case-
based teleconference combined with limited use of synchro-
nous and asynchronous teleconsultation decreased costs and
the isolation rate for multi-drug resistant infections, though it
did not reduce average length of ICU stay [83].

Sepsis

To facilitate more rapid and attentive management of sepsis,
Machado et al. implemented a sepsis alert in the ED of an

urban, US hospital. The alert activates a team of physician
and staff responders and a “wheeled electronic intensive med-
icine unit (eICU) cart,”which allows a direct link between the
patient and an eICU intensivist, who supervises sepsis care in
the ED from elsewhere within the hospital. This novel tech-
nological innovation led to faster time to antibiotic adminis-
tration and shortened ED length of stay, without significant
impacts on other sepsis management bundle guidelines, hos-
pital length of stay, patient outcomes, mortality, or costs [77•].

Telemedicine on the Frontier

Trailblazing advances in telemedicine incorporate novel,
high-tech solutions to provide infectious disease care in re-
mote and isolated settings, including rural areas, geographi-
cally remote indigenous communities, resource-limited set-
tings, and cargo ships.

Remote Locations

MacRury et al. [84•] reported on an intervention for manage-
ment of potentially infected diabetic foot ulcers in rural, re-
mote areas of Scotland, where patient access to care is imped-
ed by long distances and lack of transport, but in-home tele-
medicine is impaired by poor Internet connectivity. In this
pilot study, a podiatrist traveled to each patient home to ad-
minister an exam and virtual visit with a remote physician,
including still and video images of ulcers. To overcome bar-
riers from poor Internet connectivity, participating podiatrists
transported a battery-operated wireless router in their staff
vehicles to create a local WiFi connection at the patient home
via cellular networks to permit a virtual private network
(VPN) connection to a hospital-based provider. Participating
providers reported high community and physician provider
satisfaction with improved patient outcomes.

Monkowski et al. [75] describe an intervention to provide
infectious disease e-consults to a small, rural hospital within a
multi-hospital network. The rural hospital implemented a mo-
bile exam cart equippedwith microphone, speakers, electronic
stethoscope, and hand-held exam camera to facilitate a remote
specialist exam, significantly reducing the need for patient
transfers to a central hospital, while maintaining similar pa-
tient outcomes between transferred and mobile-managed
patients.

Remote Indigenous Populations

Some indigenous populations, including Canadian First
Nations peoples, experience an elevated burden of infectious
disease, including TB and HIV, with limited access to health
services due to remoteness and limited road access [85]. Such
communities often rely solely on air travel for medical transfer
for infectious disease consultation, at high cost [86]. While e-

Curr Infect Dis Rep           (2019) 21:41 Page 5 of 10    41 



consultations facilitated by digital photography and video for
these patients can reduce barriers to care and are associated
with high patient satisfaction, remote providers cite poor im-
age resolution and inability to conduct a hands-on physical
exam as impediments to care [86]. Khan et al. reviewed recent
healthcare innovations in remote First Nations in
Saskatchewan and found that a novel Remote Presence
Robotic Technology system, which uses maneuverable robots
and portable devices allowing for ultrasonography and liver
fibroscans, better simulates face-to-face experiences than tra-
ditional video or photography alone [85].

Resource-Limited Settings

The diagnosis of infectious diseases, especially in situations of
outbreak, requires laboratory testing, microscopy, and, in-
creasingly, molecular diagnostics and omics. In limited-
resource settings, limited access to laboratory facilities may
delay results [87]. Innovations for performing diagnostic lab-
oratory testing in resource-limited settings must be low-cost,
require only small biological samples, and tolerate limited
access to refrigeration, electricity, and clean water while main-
taining standards for cost, quality, and usability [88, 89].

Telemicroscopy has been explored since the 1990s for di-
agnostic purposes, using mobile phone cameras paired with
conventional microscopes [90]. One example is a low-cost
telemicroscopy system using a digital camera and computer-
based internet videoconferencing to allow a remote physician
to view and interpret a microscopy operated by a technician
[87]. In other cases, miniaturized microscopy components
implementing a variety of novel hardware solutions allow
the mobile phone to be used as the primary microscopic de-
vice [90]. Recent cell phone attachments in experimental
setups have permitted the visualization of viruses, bacteria,
mycobacteria, and protozoa [90].

Innovations in miniaturization and cost reduction are cre-
ating opportunities to administer molecular and high-
throughput testing in low-resource sett ings [88].
Microfluidic systems that analyze very small liquid volumes
(i.e., microliters) within a single device address issues of size,
contamination, and implementation [89]. Over the past
8 years, isothermal loop-mediated amplification, an amplifi-
cation assay to quantify targeted RNA sequences, and poly-
merase chain reaction (PCR) have been implemented on a
hand-held scale using disposable microfluidic cartridges read
by battery-powered devices for the diagnosis of a variety of
microorganisms, including viruses, bacteria, mycobacteria,
and parasites [88]. New technologies have been piloted in
experimental contexts that can be operated using a
smartphone, with smartphone cameras used to read assays of
PCR-amplified DNA in the diagnosis of Kaposi’s sarcoma
[91], fluorescent immunoassays for avian influenza subtyping
[92], and microfluidic electrochemical immunosensing or

antibodies for HIV/HCV co-infection [93]. Miniaturized as-
says can produce results at high accuracy: Wang et al. report
on a mobile phone microplate reader to detect IgG to 96 in-
fectious diseases with accuracy > 97.5% [94].

Cargo Ships

Commercial cargo ships are medically isolated environments,
with limited onboard medical assistance. A unique environ-
ment for infectious disease exposure is created by crowded
living conditions and visits to multiple ports. Lack of access
to care onboard ship is aggravated by ineffective, counterfeit
medicine, and variable quality of care in ports of access [95].
Commonly reported infections include TB, vector-borne ill-
ness such as malaria [95], skin infections [95, 96], infectious
gastrointestinal illness, and genitourinary infections [96]. The
Toulouse Tele-Medical Assistance Service (TMAS) provides
e-consultation by radio supplemented by Internet transmission
of photographs between a France-based physician and sailors
on cargo ships in response to an alert raised by the captain,
who receives medical training, renewed every 5 years [96]. At
the direction of the remote physician, ship personnel can ad-
minister a physical exam and onboard medication, including
antibiotics. Based on the severity of the patient’s condition,
ships may be re-routed for patients to receive additional man-
agement, or patients may be evacuated to land-based hospitals
[97]. As wireless technology (e.g., battery-operated wireless
routers, mobile hotspotting) continues to improve and provide
greater coverage, future work should examine the use of more
media-rich forms of telemedicine (e.g., videoconferencing) in
this setting.

Conclusions

Telemedicine has become integral to the field of ID over the
past 20 years, with advances in technology continually im-
proving the way infectious diseases are diagnosed, treated,
and managed. From foundational approaches laid in the
1990s for the care of HIV/AIDS, HCV, and TB, recent inno-
vations break down barriers to diagnosis, treatment, and pre-
vention. The targets of telemedicine have broadened to new
diseases and new, increasingly remote settings. In the outpa-
tient setting, increasing travel time to ID specialists has tradi-
tionally driven patients to use primary care providers closer to
home [98]. Telemedicine allows for outpatient management of
complex conditions, such as post-surgical wounds and treat-
ment of non-urgent conditions at home. Within small or rural
hospitals lacking ID staff, telemedicine creates avenues to
bolster antimicrobial stewardship and improve sepsis.
Technological strides have opened doors to new approaches,
from video-based medication adherence programs and
smartphone cameras leveraged for wound monitoring to
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mobile phone molecular diagnostics and robotic telepresence
physical exams.

Future Work

Telemedicine innovations have historically targeted moderate-
ly remote or underserved areas, including rural settings,
prisons, or minority communities, of the developed world,
especially Europe, Australia, and the USA. Isolated or under-
served environments, including cargo ships or other resource-
limited settings, will benefit from improving global Internet
access, which will increase opportunities for media-rich tele-
medicine interventions in difficult-to-access settings.
Geographically and technologically isolated environments,
with limited technological infrastructure and difficult logistics
of deploying healthcare team members, simultaneously repre-
sent existing disparities and directions ripe for future research.
Although such sites may face unique challenges to using tele-
medicine, they serve as sites for the most exciting innovation
in the field.
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