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• In 2016, California had the highest TB case count (2,062, 22.2% of U.S. cases), and third highest 
incidence (5.3/100,000) in the U.S.1

• Despite recommendations to use directly observed therapy (DOT) for TB treatment 
administration, 41% of patients received a mixture of DOT and self-administered strategies and 
8.6% received no DOT1 due to its high cost and burden on patients and providers.

• Asynchronous video directly observed therapy (VDOT) allows patients to self-record medication 
ingestion and securely send videos to a healthcare worker using a smartphone, after which the 
video can be viewed and the dose counted toward treatment completion (Figure 1).

• Prior VDOT studies were conducted primarily in urban health jurisdictions.

To evaluate the feasibility, acceptability, and cost of VDOT for monitoring TB treatment adherence in 
both urban and rural TB programs in California. 

Study Design: Prospective, multisite, single-arm trial with an historical control group.

Location: TB control programs in San Joaquin and Imperial (rural) and San Diego, San Francisco, 
Santa Clara (urban) counties. Target sample size: 50/per site urban and 10/site rural.

Eligibility: 
• Age >18 years
• At least 30 days of remaining on treatment for active or suspected TB
• Completed >2 weeks of treatment by DOT and able to tolerated medications
• No plans to move before completing treatment
• No physical or cognitive conditions that would prevent the use of VDOT
• Willing and able to provide written informed consent

Controls: As a comparator, medical record reviews provided adherence data from a sample of 
patients who were monitored using in-person DOT at the same clinics during the year prior to VDOT 
introduction. Controls were group-matched on age, race/ethnicity and gender to VDOT participants.

Administration: Participants were loaned a smartphone and trained by TB program staff during a 
routine DOT visit to use VDOT application. Videos were observed by TB program staff who also 
contacted participants to provide support when expected videos were not received. 

Data Collection: 
• Brief baseline and follow-up interviews that were conducted by non-clinical research staff to 

avoid socially desirable responding (VDOT only)
• Adherence data obtained from VDOT system (VDOT only)
• In-person DOT adherence data from medical record reviews (controls only)

Compensation: $10 USD each for completing baseline and follow-up interviews.

Data Analysis: Wilcoxon rank sum test to compare fraction of expected doses observed (FEDO) 
between VDOT and DOT and multivariable linear regression to identify factors associated with 
FEDO.

Cost Analysis: Ingredients-based, bottom-up approach; cost data provided by nurses and patients.

• FEDO was higher among patients using VDOT versus DOT (Fig. 3). 
• FEDO was similar in urban and rural sites (Table 1). 
• Country of birth was the only baseline characteristic associated with FEDO (Table 2). 
• Most participants reported that VDOT was easy to use; more confidential than DOT; preferred 

and would choose VDOT over DOT; and would recommend VDOT for other TB patients (Table 3).
• VDOT cost 6% - 46% less than in-person DOT (Fig. 4).

• Self-reported TB risk factors could be underestimated due to fear of stigma.
• Three sites (Santa Clara, Imperial and San Joaquin) were new to asynchronous VDOT and might 

have selected participants conservatively; however, results were similar to sites with prior VDOT 
experience. 

• Switching non-adherent participants from VDOT back to DOT could have inflated observed FEDO 
values. However, only 12 (4.3%) participants returned to DOT before ending treatment (5 had 
poor adherence), and removing them had little effect on overall FEDO. 

• This study was conducted in a high-income country and might not reflect VDOT performance in 
low- and middle-income countries. 

• Asynchronous VDOT performed well in both urban and rural health departments.
• Participants’ perceptions of VDOT were positive at all sites. 
• Most participants remained on VDOT until treatment completion. 
• VDOT lowered TB control program costs compared to in-person DOT.
• Unlike DOT or synchronous VDOT, asynchronous VDOT allowed patients to take medications 

outside normal business hours (e.g., mealtime or bedtime), which could minimize side effects 
and improve adherence. Being able to count doses on weekends/holidays could also shorten 
treatment duration and improve efficacy. 2

• Other than country of birth, patient characteristics did not predict adherence, suggesting that 
TB control programs could offer VDOT broadly and provide additional support or switch to DOT 
if adherence declines rather than limiting VDOT use to patients meeting predetermined criteria. 

• Studies are needed in high-TB-burden, low-resource settings where smartphone access and 
cultural sensitivity to transmitting personal images via the Internet may vary.

• These findings should inform policies around the use of and reimbursement for mHealth. 
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• Overall, 274 participants (248 urban and 26 rural), enrolled 10/14 to 10/15 and used 
VDOT a median of 5.4 months, contributed adherence and baseline interview data. 

• Median age was 44 years (range: 18-87), and was similar across sites (p=0.19).
• Sociodemographics varied by site (Fig. 2), providing a diverse overall sample.

Table 3. Participant perceptions and experience using VDOT by site (n=214)

Total*
% (No.)

TB and treatment perceptions: 
Did you share your VDOT experience with family members? 

Yes
No 

73% (156)
27% (58)

Did you share your VDOT experience with friends, neighbors, classmates or 
co-workers? 

Yes
No

34% (73)
66% (141)

Were you concerned someone would see you using the VDOT cell phone? 
Yes
No

34% (73)
66% (141)

Did you ever fail to record a video because you were worried someone was 
watching you? 

Yes
No

8% (18)
92% (196)

Confidentiality of VDOT vs. DOT?
More
Same
Less

70% (146)
28% (59)
2% (5)

VDOT experience:
Overall, how easy/difficult did you find the VDOT process?

Very easy
Somewhat easy
Somewhat/very difficult

81% (174)
15% (32)
4% (9)

If you had to re-do TB treatment, would you choose VDOT or DOT?
VDOT
No preference
DOT

90% (192)
7% (16)
3% (6)

Would you recommend VDOT to other TB Patients?
Yes
No

96% (202)
4% (8)

How often did you take TB medication away from home?
Never/rare 56% (120)
Less than half/half the time 22% (48)
Most/every time 21% (46)

How often did you have problems using the VDOT application?
Never
Rarely
Less than half the time
Half the time or more

38% (82)
46% (99)
11% (23)
5% (10)

How often did poor reception cause you problems uploading videos?
Never
Rarely
Less than half the time
Half the time or more

31% (65)
49% (103)
11% (24)
9% (20)

*No site differences were statistically significant (P>0.05)

Figure 3. Fraction of expected doses observed (FEDO) among patients monitored 
ingesting medication for TB by VDOT compared with FEDO and adherence for 
patients monitored using in-person DOT in five California health departments.  
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Figure 4. Costs for medication adherence monitoring based on standard six-month regimen. DOT personnel costs included 
time for patient contact, administrative tasks, and travel. VDOT personnel costs included time for community-based visits 
prior to initiating VDOT, patient VDOT training, administrative tasks, video observation, and follow-up when expected 
videos were not received. Smartphone ($100) and service plan ($54/month) costs based on corporate pricing. VDOT 
application cost ($35/patient/month) based on commercially available products at time of study. Costs of antibiotics, 
laboratory tests, chest radiographs, and clinical examinations assumed to be similar for VDOT and DOT, and therefore not 
included.  Cost estimate data were not available from Santa Clara site due to staff turnover.

Table 2. Multivariable linear regression analysis of factors associated with FEDO*

Beta 
coefficient

Standard  
error

P-value

Months on VDOT (per month) 0.008 0.003 0.01
Country of birth: (ref: other)†

Mexico -0.095 0.022 <0.001
United States -0.048 0.022 0.03

Felt VDOT was: (ref: very easy)
Somewhat easy -0.003 0.024 0.90
Somewhat/very difficult -0.130 0.042 0.002

Took medications while away from home (ref: 
never/rarely)

Less than half /half of the time -0.004 0.020 0.83
Most of the time/always -0.049 0.021 0.02

Had problems using the VDOT application (ref: never)
Rarely -0.001 0.018 0.97
Less than half of the time -0.040 0.029 0.16
More than half of the time -0.220 0.041 <0.001

*Fraction of expected doses observed (FEDO) = # of complete doses observed via VDOT 
divided by # of doses expected.
† ”Other” countries were predominately in Asia. 

Table 1. Bivariate analysis of FEDO by participant characteristics and perceptions of VDOT*

No.
FEDO

Median (SD) P-value
Demographics:

Site type
Urban county
Rural county

248
26

92.8 (13.3)
94.2 (15.4)

0.51

Age, y, (correlation coefficient) 272 (0.03) 0.63
Months of VDOT use, (correlation coefficient) 272 (0.14) 0.02
Race / ethnicity

Asian
Caucasian/white
Hispanic/Latino
Other†

154
19
82
17

95.0 (10.8)
95.6 (15.4)
86.8 (16.3)
87.0 (11.4)

<0.001

Country of birth
USA
Mexico
Other‡

47
44

181

90.3 (17.2)
84.7 (16.0)
94.5 (10.7)

<0.001

Insured at baseline
Yes
No

229
42

93.4 (13.6)
89.9 (13.4)

0.28

Owned cell phone at baseline 
Yes
No

247
26

93.0 (12.9)
93.1 (18.3)

0.49

Owned smartphone at baseline 
Yes
No

196
76

92.8 (13.2)
93.6 (14.5)

0.84

Behavioral factors:
Ever a cigarette smoker

Yes
No

116
157

92.3 (12.3)
93.6 (14.4)

0.26

Marijuana use (past 6 months)
Yes
No

18
252

88.1 (19.3)
93.2 (13.0)

0.01

VDOT experience:
Overall, how easy/difficult did you find the VDOT process? 

Very easy
Somewhat easy
Somewhat/very difficult

174
32

9

93.6 (12.4)
91.7 (14.6)
66.9 (19.8)

0.001

How often did you take TB while medication away from home?
Never/rare
Less than half/half the time
Most/every time

120
48
46

94.2 (12.3)
93.4 (13.8)
88.9 (16.4)

0.04

How often did you have problems using the VDOT application?
Never
Rarely
Less than half the time
Half the time or more

82
99
23
10

95.1 (13.7)
92.8 (10.3)
88.2 (12.3)
74.3 (25.7)

0.001

How often did poor reception cause you problems uploading 
videos?

Never
Rarely
Less than half the time
Half the time or more

65
103

24
20

95.8 (15.6)
92.4 (11.5)
89.6   (8.7)
84.9 (19.3)

0.01

*P-values based on Wilcoxon rank sum test, Kruskal-Wallis test or Spearmen correlation coefficient; FEDO, fraction of expected 
doses observed = number of complete doses observed via VDOT divided by the number of doses expected; DOT, directly 
observed therapy; VDOT, video DOT; TB, tuberculosis; SD, standard deviation.
†“Other” race included African American (3), American Indian (2), Pacific Islander (1), mixed and other races (11).
‡”Other” countries were predominately in Asia.
FEDO did not differ by education, gender, income, insurance status, smartphone ownership, TB and treatment perceptions and 
other VDOT experience variables not shown here.
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Figure 2. Participant characteristics by site
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FEDO = # of doses observed via VDOT / # of doses expected. 
Adherence = # of doses observed via DOT / # of doses prescribed.


