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Background. Since 2010, the Champlain BASE (Building Access to Specialist Advice through eConsultation) has allowed pri-
mary care providers (PCPs) to submit clinical questions to specialists through a secure web service. The study objectives are to 
describe questions asked to Infectious Diseases specialists through eConsultation and assess impact on physician behaviors.

Methods. eConsults completed through the Champlain BASE service from April 15, 2013 to January 29, 2015 were character-
ized by the type of question asked and infectious disease content. Usage data and PCP responses to a closeout survey were analyzed 
to determine eConsult response time, change in referral plans, and change in planned course of action.

Results. Of the 224 infectious diseases eConsults, the most common question types were as follows: interpretation of a clinical 
test 18.0% (41), general management 16.5 % (37), and indications/goals of treating a particular condition 16.5% (37). The most fre-
quently consulted infectious diseases were as follows: tuberculosis 14.3% (32), Lyme disease 14.3% (32), and parasitology 12.9% (29). 
Within 24 hours, 63% of cases responded to the questions, and 82% of cases took under 15 minutes to complete. In 32% of cases, a 
face-to-face referral was originally planned by the PCP but was no longer needed. In 8% of cases, the PCP referred the patient des-
pite originally not planning to make a referral. In 55% of cases, the PCP either received new information or changed their course of 
action.

Conclusions. An eConsult service provides PCPs with timely access to infectious disease specialists’ advice that often results in 
a change in plans for a face-to-face referral.
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The increasing importance of inappropriate antibiotic use, 
emergence of antimicrobial resistance, and rapid diagnostic 
tests in microbiology have created growing demand for the 
expertise of infectious diseases specialists with antimicrobial 
stewardship as top priority [1, 2]. To meet demand, technology 
platforms have been used to improve access and reduce costs, 
especially for patients in remote communities.

Several studies have demonstrated the role for Telemedicine 
in Infectious Diseases [2, 3]. Telemedicine in Infectious Diseases 
is done via a secured video interface that allows patient-to-phy-
sician virtual interaction [3, 4]. Although telemedicine has 
the ability to provide access in otherwise underserved areas, it 
requires expensive equipment and relies on the presence of the 
primary care provider (PCP) or delegate, patient, and the spe-
cialist at the same time, which makes synchronization of the 
encounter challenging at times [5].

The use of an electronic consultation (eConsultation) con-
nects PCPs directly to specialists for a fast, secure answer to 
a patient problem. eConsults may replace the need for a face-
to-face referral or allow investigations to be completed before 
the specialist visit [6–9]. eConsult services have demonstrated 
improved timely access, better quality of communication 
between providers, lower cost delivery, and high provider satis-
faction [7, 10–15]. Because there is no interaction between the 
patient and specialist, suggestions that are provided from the 
specialist are expected to be applied or interpreted by the PCP 
[6, 16].

Although there are several large eConsult systems inter-
nationally that include infectious diseases, there is only 1 
published study of eConsults directed to infectious disease 
specialists, which was completed at the Mayo Clinic. This ser-
vice was primarily used for specialist to specialist consultation 
and not primary care [16, 17]. The Champlain BASE (Building 
Access to Specialists through eConsult) eConsult service was 
developed in Ottawa, Canada in 2010 [6, 7]. As of November 
30, 2016, 1145 PCPs (including 970 family doctors and 175 
nurse practitioners) have access to advice from 97 different spe-
cialty groups, including infectious disease. More than 20 300 
eConsults have been completed. This service has been shown 
to improve cost-effective, timely access to specialist advice, 
which is well accepted by patients [6, 7]. The purpose of this 
paper is to describe the utilization of the Infectious Disease 
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specialty service available through Champlain BASE eConsult 
service including types of questions asked and the impact on 
PCP behavior.

METHODS

Local Health Integration Networks (LHIN) are 14 regional 
health authorities in the province of Ontario that integrate 
and fund healthcare in their region as delegated by the provin-
cial government. The Champlain LHIN region is in Eastern 
Ontario, Canada with a population of 1.2 million, with all 
Infectious Diseases consultants being located at 1 of 2 centers 
in Ottawa. Typically, there are more than 500 new outpatient 
referrals for infectious diseases per month, and the estimated 
wait times are 1 to 2 months for nonurgent consults.

The Champlain BASE eConsult service has been described in 
detail elsewhere [6, 7, 13, 15]. In brief, it is a secure web-based 
service that allows a PCP (family doctor or nurse practitioner) 
to submit patient-specific clinical questions to specialists using 
a standardized electronic form. Supplementary patient infor-
mation, such as laboratory results, digital images, and health 
history, can be attached. For each eConsult, depending on the 
request and information provided, the specialist can accomplish 
the following: (1) provide recommendations; (2) request addi-
tional information before being able to provide advice; and (3) 
recommend a face-to-face referral, in which case any additional 
diagnostic tests or courses for treatment could be suggested and 
initiated before the appointment.

For all eConsults, data are prospectively collected, stored 
securely, and then retrospectively accessed for analysis. This 

includes provider type, age and gender of patient, length of time 
taken to complete the case, time to receive response, and survey 
results. The specialists are paid a prorated hourly rate of $200.00 
per hour based on 5-minute intervals up to 20 minutes.

All eConsults submitted to Infectious Disease specialists 
between April 17, 2013 and January 29, 2015 were reviewed 
and categorized retrospectively by clinical topic and type of 
question by 2 raters. G.R., an Infectious Diseases specialist, 
and R.M., an Infectious Diseases Fellow, were the raters in this 
study. The infectious disease content coding scheme was based 
on the International Classification for Primary Care (ICPC-2) 
taxonomy and finalized by consensus. A  total of 32 different 
clinical topics were included, and an additional “other category” 
for topics that were otherwise unclassifiable. The question type 
(for example, diagnosis or management) was coded using a 
generalized validated taxonomy [18]. To ascertain agreement 
on the categorization of each eConsult, a random selection of 
20 eConsults were independently reviewed by each of the 2 
raters, and disagreements were resolved through discussion 
until consensus was reached. The remaining 204 cases were 
divided by G.R. and R.M. and reviewed independently. Any dif-
ficult-to-classify consults were discussed and a consensus was 
reached by the 2 raters.

Upon completion, and before a case can be officially closed, 
the PCP completes a mandatory close-out survey containing 5 
questions. The first question solicits information on the eCon-
sult’s outcome. Primary care providers can choose whether the 
eConsult (1) confirmed their originally chosen course of action, 
(2) suggested a new or additional course of action, (3) was not 
very useful, or (4) none of the above. The second question asks 
whether the eConsult changed the PCP’s intentions to refer the 
patient for a traditional, face-to-face referral. The choices include 

Table 1. Clinical Topics for Which eConsults Were Requesteda 

Infectious Disease Reason  
for eConsultation

Percent of  
Total (%) n (=224)

Tuberculosis 14.3 32

Lyme disease 14.3 32

Parasite infections NOS 12.9 29

Vaccination-general 10.3 23

Skin and soft tissue infection 7.6 17

Hepatitis 6.3 14

Herpesviruses (HSV/VZV/EBV/CMV/HHV) 3.1 7

Unclassified by provided list 3.1 7

Sexually transmitted disease NOS 2.7 6

Osteomyelitis 2.7 6

Diarrhea 2.2 5

All other topicsb 20.5 46

Abbreviations: CMV, cytomegalovirus; CNS, central nervous system; EBV, Epstein-Barr 
virus; HHV, human herpes virus; HIV, human immunodeficiency virus; HSV, herpes simplex 
virus; NOS, unspecified; SIRS, systematic inflammatory response syndrome; VZV, varicella 
zoster virus. 
aDiseases represented include all diseases where there were equal to or greater than 5 
eConsults.
bIncludes the following: bacterial infections NOS, articular/periarticular infections, upper 
respiratory tract, zoonoses NOS, Clostridium difficile, respiratory tract infection, vaccina-
tion—travel, odontogenic infections, fungal infections NOS, urinary tract infection, viral 
disease NOS, diabetic foot wounds, malaria, HIV, CNS infections, fever, blood/body fluid 
exposure, genital infection, fever/leukocytosis/SIRS, dental prophylaxis, chronic fatigue, 
infectious mononucleosis, and nontuberculous mycobacteria.

Table  2. Question Types Asked Through eConsultation Platform: All 
Categories Represented

Clinical Question
Percent of 
Total (%) n (=224)

Diagnosis-interpretation of a laboratory test 18.3 41

Management-general management question 16.5 37

Drug Treatment-indications/goals of treating a  
particular condition

16.5 37

Diagnosis-what test to choose 13.8 31

Drug Treatment- drug of choice 8.9 20

Drug Treatment-how to prescribe a particular drug 8.5 19

Management-should I refer 5.4 12

Drug Treatment-adverse effects of drugs 4.0 9

Diagnosis-interpretation of clinical finding 3.6 8

Diagnosis-interpretation of an image report 1.3 3

Drug Treatment–other 0.9 2

Epidemiology-etiology/risk factors 0.9 2

Drug Treatment-interactions between drugs 0.4 1

Procedure-preparation 0.4 1

More than one question (unclassifiable) 0.4 1
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the following: whether a referral was originally contemplated but 
now avoided (avoided referral), referral was originally contem-
plated and is still needed, referral was not originally contemplated 
and is still not needed, and referral was not originally contem-
plated, but eConsult process resulted in a referral being initiated. 
The survey allows PCPs to choose from 6 different options identi-
fying whether or not they (1) had originally contemplated a refer-
ral and (2) ultimately referred the patient based on the advice 
they received from the eConsult. The third and fourth questions 
ask PCPs to rank the eConsult’s value for their patients and them-
selves, respectively, using a 5-point Likert scale. The fifth question 
provides an optional free-text field allowing PCPs to leave any 
additional comments they may have. These questions and com-
ments are used to assess the impact on PCP behavior.

RESULTS

The Champlain BASE service received a total of 4531 eConsul-
tations from April 17, 2013 to January 29, 2015, 224 (5%) of 
which were directed to Infectious Disease. The 224 cases were 
submitted by 60 different PCPs, 84% of whom were physicians 
and 16% of whom were nurse practitioners.

The mean length of time between the submission of the case 
by the PCP and the response by the specialist was 8 hours and 
38 minutes, with 63% of cases receiving their first response 
within 24 hours. The specialists reported it took <10 minutes 
in 52% of cases, 10–15 minutes in 30% of cases, 15–20 minutes 
in 13% of cases, and over 20 minutes in 5% of cases to complete 
the eConsult.

Type of Questions Asked

There were 33 different clinical topics included in the eConsults 
with 32 that could be categorized; 7 cases (3.1%) could not be 
categorized and formed the 33rd category of Other. All topics 
with greater than or equal to 5 eConsult cases are presented in 
Table 1. The diseases and conditions that were most frequently 
consulted about were as follows: tuberculosis 14.3% (32), Lyme 
disease 14.3% (32), and parasite questions not otherwise speci-
fied 12.9% (29) (Table 1).

Table 2 lists the frequency of types of questions asked. The most 
common types of questions asked were as follows: diagnosis-in-
terpretation of a clinical test, 18.0% (41); management-general 
management question, 16.5% (37); and drug treatment-indica-
tions/goals of treating a particular condition, 16.5% (37).
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Figure 1. Referral outcomes organized by consult type. Categories represented are those that were greater than 2% of all consultations.
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Impact on Behavior

We assessed the impact on PCP behavior based on the com-
pleted surveys and decisions made regarding referrals after the 
eConsult was completed. In 32.1% (72) of the total submitted 
cases, a traditional referral was originally contemplated by the 
PCP but was now avoided. In addition, 7.6% [17] of new refer-
rals were generated as a result of the eConsult, and 17% (38) 
of the referrals were still needed after the eConsult. To analyze 
PCP behavior further, Figure 1 displays referral decisions based 
on the most frequent consult types. Figure 2 displays referral 
decisions based on clinical topics.

Overall, in 55% of cases, PCPs believed they received new 
advice or additional information directly impacting on patient 
care. In 40.6% of cases, the PCP’s course of action was con-
firmed by the specialist’s suggestion. In only 2% of cases, PCPs 
found the specialists’ opinion not very useful. Figure 3 displays 
the clinical topics with over 10 or more topics and the PCP’s 
interpretation of the advice given from the eConsult.

Finally, when the PCPs were asked to assess the overall value 
of the consultation for their patients, 89% rated the service 
greater at least 4 or greater on a 5-point Likert scale (Figure 4). 

Ninety-one percent of physicians rated the service at least 4 or 
greater on the same scale in reference to the overall value of the 
consult for the PCP themselves (Figure 5).

DISCUSSION

Primary care providers have improved access to Infectious 
Disease specialists through Champlain BASE, which directly 
changes the management of patients, including a change in the 
need for a face-to-face referral. This is the first report of the types 
of questions PCPs ask Infectious Diseases specialists through an 
eConsult platform. This timely access is highly regarded by the 
providers and prevents weeks to months of waiting that might 
occur for specialist input via a face-to-face consultation.

The opportunity to identify recurring questions, especially 
those eConsults that lead to a change in PCP behavior, should 
be harnessed to inform continuing professional development 
activities. The most commonly asked questions were in the areas 
of tuberculosis, parasitology and Lyme disease, which is differ-
ent than what is reported from the Mayo Clinic. In their set-
ting, urinary tract infections, Lyme disease, mycobacteria, and 
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Figure 3. Course of action based on primary care provider feedback regarding eConsult advice. Diseases represented include all diseases where there were 10 or more 
eConsults. Abbreviation: NOS, unspecified.
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Figure 4. Overall value of the eConsult rated on a scale from minimal [1] to excellent [5] as determined by primary care provider for patients. Abbreviation: ID, infectious diseases.
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candidal infections were most prevalent [16]. The majority of 
their eConsults came from other specialists, which may explain 
some of the difference. Specialists may generate eConsults in 
the Champlain BASE program, but they are a small minority of 
users. Further studies, in other regions and healthcare systems, 
are needed to fully understand the most common clinical sce-
narios in which PCPs seek specialist advice through eConsult.

Those topics that were most likely to result in a change in 
behavior should be a focus for continued professional devel-
opment opportunities. For example, looking at the tuberculo-
sis outcomes (Figure  3), in over 60% of cases, there was new 
advice or a different course of action that was offered through 
eConsults, and with eConsults one third of potential new refer-
rals that were avoided (Figure  2). Not only does this present 
itself as a helpful tool for PCP questions, but it also identifies a 
potential area for education surrounding the topic. In contrast, 
when looking at vaccinations, the majority of PCPs believed 
that their course of action was supported, and in the majority of 
cases a referral was still not needed (Figure 2). Further study is 
needed to explore how this information can be best used. There 
may be a role for further opportunities in Continuing Medical 
Education for PCPs as questions and data are collected from 
such electronic platforms.

Applying eConsults to infectious diseases requires an under-
standing of certain limitations and opportunities. Although 
an eConsult service is useful, clearly not all infectious disease 
patient problems can be managed this way. Certain acute infec-
tions must be managed urgently with face-to-face consultations 
[19]. Ruotsalainen et al [20] demonstrated that 90-day mortality 
for telephone-consultation patients with Staphylococcus aureus 
bacteremia was higher than bedside consultation. On the other 
hand, there may be a larger role for eConsults for more severe 
illness in rural settings. Assimacopoulos et al [21] demonstrated 
that, among rural patients, comparing telehealth infectious 
diseases consultation with in-person consultation for neutro-
penic fever, bacterial pneumonia, or bacterial wound infec-
tion, there were no statistically significant mortality outcomes; 

however, there were shorter durations of antimicrobials used 
in the Telehealth population. Although this is in reference to 
Telehealth, there may be a role for future studies to extrapolate 
these data to eConsults in infectious diseases. In another study, 
electronic sharing of digital imaging demonstrated no signifi-
cant difference in wound care management. Discrepancies were 
only in assessing wound drainage with eConsults as opposed to 
bedside evaluation [22].

There may also be a role for eConsults to assist in the grow-
ing field of antimicrobial stewardship. For example, in a small 
community hospital in Brazil, an email- and text-based mode 
of communication between the hospital and infectious disease 
specialist led to perfect compliance with suggested prescriptions 
[2]. In this instance, a formal email platform could provide the 
additional benefit of patient privacy and confidentiality while 
still fulfilling the needs of the peripheral hospital.

Our study has several limitations. It is one service that is pri-
mary localized to 1 health region, and it may not be generaliz-
able to other populations or healthcare systems. We are unable 
to compare the number and type of questions asked through 
eConsults to those asked through in-person referrals to the 
Infectious Diseases clinic. We also cannot determine whether 
the PCP followed the advice provider or whether there was any 
impact to patient outcomes.

It remains clear, however, that an overwhelming number 
of PCPs recognize the value of eConsults for themselves and 
their patients, and they appreciate the timely access to specialist 
advice eConsult services provide and the opportunity to con-
tinue to improve the delivery of Infectious Disease services in a 
practical, timely way.

CONCLUSIONS

Infectious disease services, for some conditions, can be deliv-
ered through eConsults effectively. Exploring their applicabil-
ity in different situations such as antimicrobial stewardship is 
needed. Studies to further define the types of questions asked, 
impact on patient outcomes, and healthcare costs are needed.
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Figure 5. Overall value of the eConsult rated on a scale from minimal [1] to excellent [5] as determined by primary care provider for themselves. Abbreviation: ID, infectious diseases.
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