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Abstract

Introduction

The April 2015 Nepal earthquake resulted in more than 8,700 deaths and 22,000 casualties
including damage to health facilities. The impact of this situation on chronic conditions such
as human immunodeficiency virus infection and acquired immune deficiency syndrome
(HIV/AIDS) may become a long-lasting public health threat. Therefore, the objectives of this
study were i) to assess the association of antiretroviral therapy (ART) adherence with men-
tal health problems, and social behaviors, ii) to examine factors affecting treatment failure,
and iii) to investigate changes in ART adherence and post-traumatic stress disorder (PTSD)
among people living with HIV 6 and 12 months after the disaster.

Methods

Study was conducted 6 months after the earthquake in 2015 with a sample size of 305
earthquake victims with HIV and followed after 12 months of the earthquake. A logistic
regression analysis was used to examine relationships, while a paired t-test analysis was
conducted to assess changes in adherence to ART and PTSD level at 6 months and 12
months after earthquake.

Results

In the earthquake, 5.2% of the participants lost their family member. Approximately 44% of
participants had earthquake-PTSD symptoms and 50% experienced HIV stigma. PTSD and
HIV status disclosure were significantly associated with adherence to ART, while HIV stigma
and religion were associated with treatment failure. PTSD and adherence levels to ART
were significantly improved over the 6-month period.
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Conclusion

Awareness programs for general public to eliminate HIV stigma; promote psychosocial
counseling to earthquake victims living with HIV in order to reduce PTSD will contribute to
maintaining optimal ART adherence and to prevent treatment failure.

Background

A pandemic of human immunodeficiency virus infection and acquired immune deficiency
syndrome (HIV/AIDS) occurred over a short time period, and affected more than 36 million
people worldwide by the end of 2015 [1], with Sub-Saharan Africa being the most affected
region. Antiretroviral therapy (ART) represents lifesaving care that has improved survival
rates and lowered the incidence of HIV-related complications among people living with HIV
(PLHIV). ART has markedly reduced the number of deaths related to AIDS by more than 70%
[2, 3] in developing countries.

Social and personal attributes such as HIV stigma, HIV seropositive status disclosure,
depression, post-traumatic stress disorder (PTSD), social support, substance abuse, and age
have been identified as important factors influencing ART adherence [4-8]. Stigmatized
youths avoid social contact [9] and are less likely to disclose their HIV status, even to sexual
partners [10], leading to unsafe sex [11, 12]. HIV status disclosure remains low in developing
countries [13]. Complete HIV status disclosure has been associated with improved adherence
to ART [14] and also contributes to early ART initiation. Late ART initiation leads to a higher
risk of HIV drug resistance (HIVDR) [9]. ART adherence is a strong predictor of progression
to AIDS and death [15-17], with more than 95% ART adherence being recommended.

Difficulties are often associated with accessing health services following disasters [18, 19].
After the great Hanshin earthquake, approximately 25% of victims encountered difficulties in
receiving care or discontinued medical care [20]. A marked decline in HIV testing and new
ART patient enrollment was observed in Haiti; however, the follow-up of registered ART
patients remained very high after the earthquake [21]. Moreover, psychological issues have
been reported under disaster conditions [22-25]. A previous study showed that, following an
earthquake, the prevalence of PTSD was 58.2% after 2 months, 22.1% after 8 months, 19.8%
after 14 months, 19.0% after 26 months, and 8.0% after 44 months [26]. PTSD and depression
are common among victims after disasters [25, 27, 28].

HIV/AIDS has been a major public health threat in Nepal [29]. As of July 2014, there were
25,222 HIV cases in Nepal; more than 2,000 had already died [30]. Sex workers, MSM (man
who have sex with men), injecting drug users, and migrant returnees were the major sources
of HIV infection in Nepal, and HIV was the most prevalent among the 20-49 year age group
(>85%) [30]. Although ART was introduced in Nepal in 2003 [31], only 11,000 PLHIV were
on ART by 2016.

A massive 7.8 magnitude earthquake in Nepal on 25™ April 2015 resulted in more than
8,700 deaths and 22,000 casualties [32], leaving the infrastructure and health facilities severely
damaged. The impact of this situation on chronic health conditions such as HIV/AIDS has the
potential to become a long-lasting public health threat [33, 34]. Health service interruptions
after a disaster are common in developing countries due to facility damage and the lack of
resources and preparedness [35]. Following the earthquake in Nepal, people left their homes
and gathered on the streets for more than one week due to the fear of aftershocks. The ART
adherence status among PLHIV was not reported following the disaster. The irregularity of
ART has been suggested to result in therapeutic failure [16, 17] and HIVDR [36].
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Therefore, the objectives of the present study are: 1) to assess the association of ART adher-
ence with PTSD, stigma, HIV status disclosure, and social support under post-disaster condi-
tions, 2) to investigate factors affecting treatment failure, and 3) to examine changes in ART
adherence and PTSD among PLHIV 6 and 12 months after the disaster.

Methods
Study population and setting

Study participants were PLHIV living in an earthquake-affected area in Nepal. Fourteen out of
75 districts were destroyed by the massive earthquake in Nepal. Among 12 ART service centers
in earthquake-affected areas that provide ART services to approximately 3,000 PLHIV, 10
functional ART centers were selected. PLHIV visit ART centers periodically for their CD4
count, viral load examination, antiretroviral drugs, treatment of opportunistic infections, and
counseling services.

Trained enumerators collected data in two stages. In the 1*' stage, 6 months after the earth-
quake, face-to-face interviews were conducted at ART centers between November and Decem-
stage, a follow-up
study was conducted 12 months after the earthquake in May and June 2016 through telephone
interviews. The sample size of the present study was 305 PLHIV. This sample was calculated
using the software Power and Precision (ver. 4) at a power of 80 and 95% confidence intervals
considering the predictor variables PTSD (“Yes” response rate 28%) [37] and stigma (“Yes”
response rate 75%) [38] as a reference with a 5% missing rate and 5% margin of error. Since

ber 2015. Peripheral blood samples were simultaneously collected. In the 2nd

the primary purpose of the present study was to assess the impact of the earthquake on
PLHIV, we included PLHIV aged 18 years and older who, at the time of earthquake, had no
ART treatment failure (no decrease in the CD4 count to the pre-therapy baseline, no HIV viral
load >5000 copies/ml, or no serious opportunistic infections), were expected to be on ART for
at least 6 months, and were on a first-line regimen. Their medical records were examined to
confirm the above information. Most commonly used first-line ART regimens in Nepal were
Zidovudine/Lamivudine/Nevirapine (ZDV/3TC/NVP) or Tenofovir/Lamivudin/Nevirapine
(TDEF/3TC/NVP).

PLHIV attending the ART centers were recruited on a non-random basis if they met the
inclusion criteria. Random sampling was not feasible and time-consuming because few
PLHIV who met the inclusion criteria visited the ART center each day. Ethical approval was
obtained from the Ethical Committees of Kobe University Graduate School of Health Sciences
(Ethical approval no. 434) and Nepal Health Research Council (Ethical approval reg.no. 274/
2015). The objective of this study was clearly explained to every PLHIV asked for volunteer
participation before written consent was taken for the interview and blood samples collected.

Measurements

Adherence to ART. An adherence questionnaire was adopted from the Adult AIDS Clini-
cal Trials Group (AACTG), and is widely used [39]. It consists of several self-reported ques-
tions, and in the present study, missed doses for the previous 4 days were enumerated. The
missed dose percentage was calculated based on total dose in the previous 4 days. Adherence
was categorized into two groups based on the non-missed dose percentage; suboptimal adher-
ence, <95% and optimal adherence, >95%.

Treatment failure. Since sufficient information was not available to confirm treatment
failure, we chose three criteria based on National Antiretroviral Therapy Guidelines 2012 of
Nepal,: CD4 count <250, viral load >5000, and persistent serious opportunistic infections
provided that they were regularly taking ART for at least one month before their laboratory
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blood test. We did not carry out viral load testing in this study; however, we collected these
information from their clinical records at ART Center. If PLHIV met at least one of the above
three criteria, we considered it to be treatment failure.

PTSD. The PTSD Check List-Civilian Version (PCL-C) was used to assess PTSD. This
scale was already used in Nepal in previous studies [40, 41]. PCL-C is a standardized self-
reported rating scale for PTSD consisting of 17 items that correspond to the key symptoms of
PTSD. PCL-C is applied to any traumatic events such as political conflict-affected people or
natural disaster victims. This scale contains self-administered questions on how much they
have been affected by a symptom over the past week using a 5-point Likert scale ranging from
1 “not at all” to 5 “extremely”. All individual scores were added and categorized into 3 groups
based on three tertiles; the first tertile indicated weak PTSD symptoms, the second tertile
medium symptoms, and the third tertile strong symptoms. The internal consistency of the
scale (Cronbach’s alpha) was 0.90 in the present study.

Perceived family support. Perceived family support includes different forms of emotional
and instrumental services and assistance from family members within the previous year. Sup-
port was measured using the 10-item Nepali Family Support and Difficulty Scale [42] that was
developed specifically for use in Nepal. Regarding each item, participants were asked to rate
how true each statement was for their own family on a four-point Likert scale ranging from
“Not at all” (0) to “All the time” (3). Individual scores were added and the total score was
grouped into two based on a median value indicating support “No” and social support “Yes”.
The internal consistency of the scale (Cronbach’s alpha) was 0.87 in the present study.

HIV stigma. The HIV stigma scale was based on the Jacoby scale [43] of perceived stigma,
which contains 3 items, each of which uses a 0 (No) or 1 (Yes) response. The measurement of
perceived stigma is subjective; it assesses the way PLHIV perceive themselves as being stigma-
tized. Individual scores of the items were added and the total score was divided based on a
median value into two groups; stigma “No” and stigma “Yes”. Cronbach’s alpha for this stigma
scale was 0.83 in the present study.

Socio-economic factors. Socio-demographic information was assessed using the Nepal
Demographic Health Survey (NDHS) 2011 questionnaire [44]. Information on demographic
characteristics such as age, sex, occupation, religion, education, income, and area of residence
was collected. Disclosure issues, substance use, the loss of family members, and the loss of a
house due to the earthquake were included.

Additionally, there was an undeclared Indo-Nepal border blockade imposed by the Indian
government accusing Indian-origin Nepalese protesters living in the adjoining border area of
being responsible for it. This blockade continued from September 26", 2015 until February
4™ 2016, and resulted in an acute humanitarian crisis in Nepal. Since Nepal was dependent on
India for the import of fuel and other items, including medicine, internal public transportation
was strongly affected because a sudden fuel shortage occurred in the country. This effect of the
border blockade on PLHIV was also recorded as a confounding factor. PLHIV were asked
whether they were able to visit ART centers on time using public transportation.

Statistical analysis

Descriptive statistics were performed for all variables using the chi-squared test. Fisher’s exact
test was used for variables with a very low response frequency. Adherence to ART and treat-
ment failure, the outcome variables, were evaluated as dichotomous variables. All other covari-
ates were categorical. The relationship of adherence to ART and treatment failure with
covariates was measured using a Multiple Logistic Regression Model with a p-value < 0.05
indicating the significance of differences. The overall fit of the model was assessed by the
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Hosmer and Lemeshow Goodness-of-Fit test. The 95% confidence interval and adjusted odds
ratio were used to evaluate the relationships between covariates and outcome variables adjust-
ing for other possible confounders. A multicollinearity test was performed in advance in order
to avoid any interaction effects among covariates. The parametric paired t-test was adopted to
measure differences in ART adherence and PTSD at two stages: 6 and 12 months after the
earthquake. SPSS Software version 16.0 (SPSS Inc. Chicago) was used in all statistical analyses.

Results
General characteristics of study participants

Females were more likely than males to be widowed or divorced (39.4% vs 7.3%, p < 0.001)
and less likely to have a higher education (29.9% vs 57.3%, p < 0.001). Approximately one
fourth of participants were unemployed, and the unemployment rate among females was
more than two-fold that among males (38.6% vs 17.4%, p < 0.001). Although overall substance
abuse among participants was not common, the substance abuse rate was more likely to be
very high among males than among females (1.6% vs 18.0%, p < 0.001) (Table 1).

Consequences of the earthquake and social behaviors

Approximately 50% of participants lost their house completely during the earthquake. More-
over, 5.2% lost a family member at the same time. Similarly, approximately 44% had PTSD
symptoms. Females were more likely than males to report strong PTSD symptoms (22.8% vs
6.7%, p < 0.001).

Social behavior towards PLHIV appeared to be stereotypical in that approximately 50% of
participants reported being stigmatized by either family or non-family members, with females
encountering more stigma than males (52.8% vs 47.8%, p > 0.05). Similarly, 48.8% of females
reported that they got no or low social support, whereas this was 29.8% among males
(p < 0.001).

Factors influencing ART adherence and treatment failure

In a multivariate logistic regression analysis, the age group >40s was less likely to adhere to
ART than the age group <40 (AOR: 0.3, 95% CI: 0.08-0.95; p < 0.042). Some religious minori-
ties such as Christians were also less likely to adhere to ART than Hindus, a dominant group
in Nepal. HIV disclosure correlated with adherence to ART. Participants who had not dis-
closed their HIV status to anyone were less likely to adhere to ART than those who had dis-
closed their HIV status. (AOR: 0.02, 95% CI: 0.01-0.19; p = 0.001). Moreover, participants
who reported strong PTSD symptoms were less likely to adhere to ART than those who did
not report strong PTSD symptoms (AOR: 0.2, 95% CI: 0.04-0.91; p < 0.001) (Table 2).

A multivariate logistic regression analysis revealed that treatment failure was associated
with religion and HIV stigma. Religious minorities such as Christians were four-fold more
likely to have treatment failure than Hindus (AOR: 4.0, 95% CI: 1.22-13.17; p = 0.022). Simi-
larly, participants who perceived stigma were 3.2-fold more likely to develop treatment failure
than those who did not (AOR: 3.2, 95% CI: 1.29-7.76; p < 0.012) (Table 3).

PTSD and adherence to ART 6 and 12 months after the earthquake

A follow-up study was conducted 6 months after the first data collection through a phone call.
In the follow-up study, only 210 (69%) out of 305 participants were interviewed. A paired t-
test was conducted to evaluate changes in PTSD and adherence between two points of time.
The significant decrease in the mean of the PTSD score at 6 to 12 months after the earthquake
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Table 1. Characteristics of study participants (N = 305).

Female Male Total
n (%) n (%) n (%) p-value
Age
40 and younger 84 (66.1) 93 (52.2) 177 (58.0) 0.021
>40 43 (33.9) 85 (47.8) 128 (42.0)
Married status
Unmarried 4(3.1) 31(17.4) 35(11.5) <0.001*
Divorced/Widowed 50 (39.4) 13 (7.3) 63 (20.7)
Married 73 (57.5) 134 (75.3) 207 (67.9)
Education
Illiterate 40 (31.5) 21(11.8) 61 (20.0) <0.001
Primary 49 (38.6) 55(30.9) 104 (34.1)
Secondary & above 38 (29.9) 102 (57.3) 140 (45.9)
Religion
Hindu 87 (68.5) 126 (70.8) 213 (69.8) 0.013
Buddhist 22 (17.3) 43 (24.2) 65 (21.3)
Christian or others 18 (14.2) 9(5.1) 27 (8.9)
Occupation
Agriculture 30 (23.6) 35(19.7) 65 (21.3) <0.001
Business 14 (11.0) 41 (23.0) 55 (18.0)
Company employee 14 (11.0) 44 (24.7) 58 (19.0)
Laborer 20 (15.7) 27 (15.2) 47 (15.4)
Others/Unemployed 49 (38.6) 31(17.4) 80 (26.2)
Area of residence
Rural 49 (38.6) 70 (39.3) 119 (39.0) 0.99
Urban 78 (61.4) 108 (60.7) 186 (61.0)
Smoking
No 109 (85.8) 84 (47.2) 193 (63.3) <0.001
Yes 18 (14.2) 94 (52.8) 112 (36.7)
Substance abuse
No 125 (98.4) 146 (82.0) 271 (88.9) <0.001%
Yes 2 (1.6) 32 (18.0) 34 (11.1)
Loss of a house in the earthquake
No 40 (31.5) 57 (32.0) 97 (31.8) 0.966
Completely 66 (52.0) 90 (50.6) 156 (51.1)
Partial 21 (16.5) 31(17.4) 52 (17.0)
Loss of a family member in the earthquake
No 119 (93.7) 170 (95.5) 289 (94.8) 0.663
Yes 8(6.3) 8 (4.5) 16 (5.2)
Stigma
No 60 (47.2) 93 (52.2) 153 (50.2) 0.456
Yes 67 (52.8) 85 (47.8) 152 (49.8)
HIV disclosure
Yes 125 (98.4) 169 (94.9) 294 (96.4) 0.195%
No 2 (1.6) 9(5.1) 11 (3.6)
PTSD
No 55 (43.3) 116 (65.2) 171 (56.1) <0.001
Medium 43 (33.9) 50 (28.1) 93 (30.5)
(Continued)
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Table 1. (Continued)

High
Support

Low

Medium

High
Treatment failure

No

Yes
Adherence to ART

<95%

>95%
Hospital admission in the last 6 months

No

Yes
Border blockade effect

No

Yes

*Fisher’s Exact Test

https://doi.org/10.1371/journal.pone.0198071.t001

Female Male Total

n (%) n (%) n (%) p-value
29 (22.8) 12 (6.7) 41 (13.4)

62 (48.8) 53 (29.8) 115 (37.7) <0.001
47 (37.0) 69 (38.8) 116 (38.0)

18 (14.2) 56 (31.5) 74 (24.3)
113 (89.0) 153 (86.0) 266 (87.2) 0.545
14 (11.0) 25 (14.0) 39 (12.8)

11(8.7) 13(7.3) 24(7.9) 0.827
116(91.3) 165(92.7) 281(92.1)
105 (82.7) 163 (91.6) 268 (87.9) 0.03
22 (17.3) 15 (8.4) 37 (12.1)
117 (92.1) 167 (93.8) 284 (93.1) 0.729
10 (7.9) 11 (6.2) 21(6.9)

was 8.23 (t: 9.19, SD = 12.88, 95% CI: 6.46-9.99; p < 0.001). Similarly, the significant increase
in the mean of the adherence score at 6 to 12 months after the earthquake was 0.06 (t: -3.28,
SD =0.25,95% CI: -0.09 —-0.02; p = 0.001). This result clearly indicates improvements in
PTSD and an increase in adherence levels among PLHIV (Table 4).

Discussion

Our study on PLHIV in a post-disaster situation showed that suboptimal adherence to ART
was associated with non-disclosure of the HIV status by PLHIV, strong PTSD symptoms, and
an urban residence. Another result is that ART treatment failure under post-disaster condi-
tions was associated with HIV-related perceived stigma and religion. Christians were four-fold
more likely to have treatment failure than Hindus. Finally, significant differences were
observed in PTSD and adherence to ART scores at two different time points (6 and 12 months
after the earthquake), indicating significant improvements in PTSD and adherence levels.

To the best of our knowledge, adherence to ART and its relationship with HIV disclosure
and PTSD under disaster conditions have not yet been examined. However, our result showing
adherence to ART and its association with HIV disclosure is consistent with previous studies
[14, 45] conducted in non-disaster areas. This result may be attributed to those who disclose
their HIV status to their family or parents obtaining social support, which is a key factor for
medical adherence. Another factor that correlated with ART adherence in the present study
was PTSD. Approximately 13% of respondents exhibited strong PTSD symptoms and were
less likely to adhere to ART than those who had no PTSD symptoms. However, in previous
studies, HIV-related PTSD (unlike earthquake-PTSD) was not associated with adherence to
ART [7, 46].

ART treatment failure in the 6 months following the earthquake was approximately 13%
and correlated with HIV-related perceived stigma and religion. Regarding treatment failure,
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Table 2. Factors associated with suboptimal adherence (4-day missed dose count) (N = 305).

AOR | 95% CI p-value
Variables (Lower—Upper)

Sex

Female

Male 0.9 | (0.21-3.67) 0.868
Age

40 and younger

>40 0.3 | (0.08-0.95) 0.042
Married status

Unmarried

Divorced/Widowed 0.7 | (0.06-8.21) 0.791

Married 0.5 | (0.06-4.69) 0.571
Religion

Hindu

Buddhist 0.6 | (0.15-2.66) 0.526

Christian or others 0.2 | (0.03-0.97) 0.047
Area of residence

Rural

Urban 0.1 | (0.02-0.43) 0.002
Lost a house in the earthquake

No

Yes 1.7 | (0.43-6.57) 0.451

Partial 3.5 (0.50-24.63) 0.208
Lost a family member in the earthquake

No

Yes 1.7 | (0.14-19.52) 0.688
Disclosure

Yes

No 0.1 (0.01-0.19) 0.001
Support

Low

Medium 0.3 | (0.07-1.17) 0.08

High 0.4 | (0.06-2.36) 0.296
PTSD

No

Medium 2.9 | (0.64-12.68) 0.167

High 0.2 | (0.04-0.91) 0.038
Stigma

No

Yes 0.6 | (0.15-2.19) 0.411
Border blockade effect

No

Yes 0.2 | (0.04-0.94) 0.042

AOR: Adjusted odds ratio; CI: Confidence Interval
Adjusted for family size, education, income, alcohol use, substance abuse, and hospital stay for a certain period of

time

https://doi.org/10.1371/journal.pone.0198071.t1002
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Table 3. Factors associated with treatment failure (N = 305).

AOR 95% CI p-value

Variables (Lower—Upper)
Sex

Female

Male 2.4 (0.82-6.69) 0.109
Age

40 and younger

>40 0.9 (0.38-2.00) 0.760
Married status

Unmarried

Divorced/Widowed 33 (0.63-16.64) 0.156

Married 1.8 (0.45-7.07) 0.409
Religion

Hindu

Buddhist 0.9 (0.28-2.66) 0.799

Christian or others 4.0 (1.22-13.17) 0.022
Area of residence

Rural

Urban 0.8 (0.36-1.97) 0.696
Lost a house in the earthquake

No

Yes 0.4 (0.16-1.20) 0.111

Partial 1.1 (0.39-3.12) 0.834
Lost a family member in the earthquake

No

Yes 1.6 (0.31-8.66) 0.556
Disclosure

Yes

No 0.2 (0.01-2.23) 0.178
Support

Low

Medium 0.5 (0.20-1.45) 0.224

High 1.4 (0.48-3.84) 0.557
PTSD

No

Medium 1.0 (0.41-2.38) 0.993

High 0.9 (0.24-3.22) 0.851
Stigma

No

Yes 32 (1.29-7.76) 0.012
Border blockade effect

No

Yes 1.4 (0.36-5.56) 0.619

AOR: Adjusted odds ratio; CI: Confidence Interval
Adjusted for family size, education, income, alcohol use, substance abuse, and hospital stay for a certain period of
time

https://doi.org/10.1371/journal.pone.0198071.t003
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Table 4. Changes in PTSD and Adherence to ART (N = 210).

Paired Std. Deviation Std. Error Mean 95% Confidence Interval t df p-value
Differences
Mean Lower Upper
PTSD 6 -PTSD 12 8.23 12.88 0.90 6.46 9.99 9.19 206 <0.001
Adherence 6—Adherence 12 -0.06 0.25 0.02 -0.09 -0.02 -3.28 209 0.001

PTSD6: PTSD level after 6 months of earthquake; PTSD12: PTSD level after 12 months of earthquake; Adherence 6: adherence level after 6 months of earthquake;

Adherence 12: adherence level after 12 months of earthquake

https://doi.org/10.1371/journal.pone.0198071.t1004

the odds of the perceived stigma group was more than three-fold higher than that of the non-
stigmatized group; this result is consistent with a previous study conducted on immigrants liv-
ing with HIV in Amsterdam [47]. Half of the participants in the present study reported per-
ceived stigma. HIV stigma is a strong predictor of depression [48], which is, in turn, associated
with ART adherence [49, 50]. Therefore, HIV stigma has an indirect association with treat-
ment failure. Our results also showed that Christians were more likely to report treatment fail-
ure than Hindus. The reason for this may be that Christianization is increasing in Nepal and
mainly targets people with severe health conditions by telling them that praying to God is the
only option that will help them [51]. Therefore, many PLHIV converted to Christianity and
started praying instead of adhering to ART. Another reason may be discrimination towards
Christians due to their different religious ideology.

Drug resistance analysis, which is discussed in separate paper [52], shows that in the 6
months following the earthquake, 22% of treatment-failure participants (7/32) had at least one
major drug resistance mutations (DRM). Comparatively, low prevalence of major DRMs to
reverse transcriptase inhibitors was previously reported in Nepal [53] under non-disaster con-
ditions. This result suggests that the impact of the earthquake also played a role in increasing
the drug resistance percentage.

Our study also showed changes in adherence to ART and PTSD levels at two-time points: 6
and 12 months after the earthquake. Significant progress in adherence to ART and PTSD was
reported. The mean PTSD score decreased from 35.83 to 27.43. Previous studies based on the
general population were also consistent with our results showing that PTSD scores decreased
after a certain period of time following the earthquake [26, 54].

This study has some limitations. The adherence level to ART was based on missed doses in
the previous 4 days; adherence to ART immediately after the earthquake was not assessed.
Approximately 13% of participants had treatment failure, with 22% of these having ART
DRMs [52], indicating that they did not maintain optimal adherence after earthquake for a
period of time. Conditions soon after the earthquake were terrible, with frequent aftershocks
occurring. People were afraid and remained outside in temporary houses for weeks. Under
these conditions, PLHIV faced challenges to continue ART. Another limitation is that most of
the information obtained in the present study was cross-sectional in nature; therefore, we can-
not confirm a cause and effect relationship. Furthermore, the lost to the follow-up rate was
high. A follow-up was performed through phone calls; however, many participants had
changed phone numbers, networking issues occurred in the area, which was a remote moun-
tainous region, two PLHIV died, and some declined the interview.

Despite these limitations, this study has several strengths. To the best of our knowledge, this
is the first study of its kind to focus on adherence to ART, PTSD, and the treatment failure due
to an earthquake among PLHIVs residing in a disaster and resource-limited area. Additionally,
our results are important for policy implications in resource-limited developing countries
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during or after disasters. The present results also disclosed changes in ART adherence and
PTSD levels over time among earthquake victims living with HIV/AIDS.

In conclusion, the present study showed that PTSD and disclosure of the HIV status corre-
lated with adherence to ART, while HIV stigma and religion were associated with treatment
failure among PLHIV residing in an earthquake-affected area in Nepal. PTSD and adherence
levels to ART positively progressed over the 6-month time period; however, the appearance of
a very high rate of DRMs posed a threat to PLHIV residing in the earthquake-affected area
[52]. Concerned authorities need to promote awareness activities to eliminate social stigma
and enhance psychosocial counseling, thereby reducing PTSD and mental health issues that
may ultimately maintain optimal adherence levels to ART and reduce ART drug resistance
issues in earthquake-affected areas.

Supporting information

S1 File. HIV GUIDELINE of Nepal 2012.pdf.
(PDF)

Acknowledgments

We want to acknowledge the staff of the ART centers: Sukraraj Tropical and Infectious Disease
Hospital, Bir Hospital, Tribhuwan University Teaching Hospital, SPARSH, Dhulikhel Hospi-
tal, Trisuli Hospital, Makwanpur District Hospital, Dharding District Hospital, Gorkha Dis-
trict Hospital, and Sindhupalchowk District Hospital for their cooperation with the study. We
also address special thanks to Mr. Madhav Pant for helping us to coordinate with different
ART centers. The manuscript was proofread by Medical English Service, Kyoto, Japan.

Author Contributions

Conceptualization: Bharat Singh Negi, Masanori Kameoka.

Data curation: Bharat Singh Negi, Minato Nakazawa, Tomohiro Kotaki, Masanori Kameoka.
Formal analysis: Bharat Singh Negi, Masanori Kameoka.

Funding acquisition: Minato Nakazawa, Masanori Kameoka.

Investigation: Bharat Singh Negi.

Methodology: Bharat Singh Negi, Minato Nakazawa, Masanori Kameoka.

Project administration: Bharat Singh Negi.

Resources: Bharat Singh Negi, Sunil Kumar Joshi, Minato Nakazawa, Tomohiro Kotaki, Anup
Bastola, Masanori Kameoka.

Software: Bharat Singh Negi.

Supervision: Bharat Singh Negi, Sunil Kumar Joshi, Minato Nakazawa, Anup Bastola, Masa-
nori Kameoka.

Validation: Bharat Singh Negi, Minato Nakazawa, Masanori Kameoka.
Visualization: Bharat Singh Negi, Masanori Kameoka.
Writing - original draft: Bharat Singh Negi.

Writing - review & editing: Sunil Kumar Joshi, Minato Nakazawa, Tomohiro Kotaki, Masa-
nori Kameoka.

PLOS ONE | https://doi.org/10.1371/journal.pone.0198071 June 11,2018 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0198071.s001
https://doi.org/10.1371/journal.pone.0198071

@° PLOS | ONE

Earthquake impact among people living with HIV

References

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

UNAIDS. Global AIDS Update. Report. Geneva2016.

Porter K, Babiker A, Bhaskaran K, Darbyshire J, Pezzotti P, Walker AS. Determinants of survival follow-
ing HIV-1 seroconversion after the introduction of HAART. Lancet. 2003 Oct 18; 362(9392):1267—-74.
PMID: 14575971

WHO. Entry Points to Antiretroviral Treatment. Geneva2003.

Micheni M, Kombo BK, Secor A, Simoni JM, Operario D, van der Elst EM, et al. Health Provider Views
on Improving Antiretroviral Therapy Adherence Among Men Who Have Sex with Men in Coastal Kenya.
AIDS Patient Care STDS. 2017 Mar; 31(3):113-21. https://doi.org/10.1089/apc.2016.0213 PMID:
28282249

Fonsah JY, Njamnshi AK, Kouanfack C, Qiu F, Njamnshi DM, Tagny CT, et al. Adherence to Antiretrovi-
ral Therapy (ART) in Yaounde-Cameroon: Association with Opportunistic Infections, Depression, ART
Regimen and Side Effects. PLoS One. 2017; 12(1):e0170893. https://doi.org/10.1371/journal.pone.
0170893 PMID: 28141867

Shubber Z, Mills EJ, Nachega JB, Vreeman R, Freitas M, Bock P, et al. Patient-Reported Barriers to
Adherence to Antiretroviral Therapy: A Systematic Review and Meta-Analysis. PLoS Med. 2016 Nov;
13(11):e1002183. https://doi.org/10.1371/journal.pmed. 1002183 PMID: 27898679

Whetten K, Shirey K, Pence BW, Yao J, Thielman N, Whetten R, et al. Trauma history and depression
predict incomplete adherence to antiretroviral therapies in a low income country. PLoS One. 2013; 8
(10):e74771.

Gebrezgabher BB, Kebede Y, Kindie M, Tetemke D, Abay M, Gelaw YA. Determinants to antiretroviral
treatment non-adherence among adult HIV/AIDS patients in northern Ethiopia. AIDS Res Ther. 2017;
14:16. https://doi.org/10.1186/s12981-017-0143-1 PMID: 28331527

Grinsztejn B, Hosseinipour MC, Ribaudo HJ, Swindells S, Eron J, Chen YQ, et al. Effects of early versus
delayed initiation of antiretroviral treatment on clinical outcomes of HIV-1 infection: results from the
phase 3 HPTN 052 randomised controlled trial. Lancet Infect Dis. 2014 Apr; 14(4):281-90. https://doi.
0rg/10.1016/S1473-3099(13)70692-3 PMID: 24602844

Quinn DM, Earnshaw VA. Understanding Concealable Stigmatized Identities: The Role of Identity in
Psychological, Physical, and Behavioral Outcomes. Social Issues and Policy Review. [Original]. 2011;
5(1):160-90.

Heckman TG, Kelly JA, Somlai AM. Predictors of Continued High-Risk Sexual Behavior in a Community
Sample of Persons Living with HIV/AIDS. AIDS and Behavior. 1998; 2(2):127-35.

Preston DB D’Augelli AR, Kassab CD, Cain RE, Schulze FW, Starks MT. The influence of stigma on the
sexual risk behavior of rural men who have sex with men. AIDS Educ Prev. 2004 Aug; 16(4):291-303.

Mahloko JM, Madiba SE. Disclosing HIV diagnosis to children in Odi district, South Africa: Reasons for
disclosure and non-disclosure. African Journal of Primary Health Care & Family Medicine. [Original
research]. 2012; 4(1).

Bikaako-Kajura W, Luyirika E, Purcell DW, Downing J, Kaharuza F, Mermin J, et al. Disclosure of HIV
status and adherence to daily drug regimens among HIV-infected children in Uganda. AIDS Behav.
2006 Jul; 10(4 Suppl):S85-93. https://doi.org/10.1007/s10461-006-9141-3 PMID: 16791525

Garcia de Olalla P, Knobel H, Carmona A, Guelar A, Lopez-Colomes JL, Cayla JA. Impact of adherence
and highly active antiretroviral therapy on survival in HIV-infected patients. J Acquir Immune Defic
Syndr. 2002 May 01; 30(1):105—10. PMID: 12048370

Hogg RS, Heath K, Bangsberg D, Yip B, Press N, O’Shaughnessy MV, et al. Intermittent use of triple-
combination therapy is predictive of mortality at baseline and after 1 year of follow-up. AIDS. 2002 May
03; 16(7):1051-8. PMID: 11953472

Bangsberg DR, Perry S, Charlebois ED, Clark RA, Roberston M, Zolopa AR, et al. Non-adherence to
highly active antiretroviral therapy predicts progression to AIDS. AIDS. 2001 Jun 15; 15(9):1181-3.
PMID: 11416722

Tomio J, Sato H, Mizumura H. Interruption of medication among outpatients with chronic conditions
after a flood. Prehosp Disaster Med. 2010 Jan-Feb; 25(1):42-50. PMID: 20405461

Druss BG, Henderson KL, Rosenheck RA. Swept away: use of general medical and mental health ser-
vices among veterans displaced by Hurricane Katrina. Am J Psychiatry. 2007 Jan; 164(1):154—6.
https://doi.org/10.1176/appi.ajp.164.1.154 PMID: 17202558

Li K. Support for earthquake victims in rebuilding their daily lives: developing indicators for achieve-
ments of nursing activities in temporary housing. Japanese Journal of Nursing Researches. [Original
article]. 1999; 32:187-95.

PLOS ONE | https://doi.org/10.1371/journal.pone.0198071 June 11,2018 12/14


http://www.ncbi.nlm.nih.gov/pubmed/14575971
https://doi.org/10.1089/apc.2016.0213
http://www.ncbi.nlm.nih.gov/pubmed/28282249
https://doi.org/10.1371/journal.pone.0170893
https://doi.org/10.1371/journal.pone.0170893
http://www.ncbi.nlm.nih.gov/pubmed/28141867
https://doi.org/10.1371/journal.pmed.1002183
http://www.ncbi.nlm.nih.gov/pubmed/27898679
https://doi.org/10.1186/s12981-017-0143-1
http://www.ncbi.nlm.nih.gov/pubmed/28331527
https://doi.org/10.1016/S1473-3099(13)70692-3
https://doi.org/10.1016/S1473-3099(13)70692-3
http://www.ncbi.nlm.nih.gov/pubmed/24602844
https://doi.org/10.1007/s10461-006-9141-3
http://www.ncbi.nlm.nih.gov/pubmed/16791525
http://www.ncbi.nlm.nih.gov/pubmed/12048370
http://www.ncbi.nlm.nih.gov/pubmed/11953472
http://www.ncbi.nlm.nih.gov/pubmed/11416722
http://www.ncbi.nlm.nih.gov/pubmed/20405461
https://doi.org/10.1176/appi.ajp.164.1.154
http://www.ncbi.nlm.nih.gov/pubmed/17202558
https://doi.org/10.1371/journal.pone.0198071

@° PLOS | ONE

Earthquake impact among people living with HIV

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Walldorf JA, Joseph P, Valles JS, Sabatier JF, Marston BJ, Jean-Charles K, et al. Recovery of HIV ser-
vice provision post-earthquake. AIDS. 2012 Jul 17; 26(11):1431-6. https://doi.org/10.1097/QAD.
0b013e328352d032 PMID: 22382149

Kokai M, Fujii S, Shinfuku N, Edwards G. Natural disaster and mental health in Asia. Psychiatry Clin
Neurosci. 2004 Apr; 58(2):110-6. PMID: 15009813

Kessler RC, Sonnega A, Bromet E, Hughes M, Nelson CB. Posttraumatic stress disorder in the National
Comorbidity Survey. Arch Gen Psychiatry. 1995 Dec; 52(12):1048—60. PMID: 7492257

Kato H, Asukai N, Miyake Y, Minakawa K, Nishiyama A. Post-traumatic symptoms among younger and
elderly evacuees in the early stages following the 1995 Hanshin-Awaiji earthquake in Japan. Acta Psy-
chiatr Scand. 1996 Jun; 93(6):477-81. PMID: 8831865

Chen CC, Yeh TL, Yang YK, Chen SJ, Lee IH, Fu LS, et al. Psychiatric morbidity and post-traumatic
symptoms among survivors in the early stage following the 1999 earthquake in Taiwan. Psychiatry Res.
2001 Dec 15; 105(1-2):13—-22. PMID: 11740971

Chen H, ChenY, AuM, Feng L, Chen Q, Guo H, et al. The presence of post-traumatic stress disorder
symptoms in earthquake survivors one month after a mudslide in southwest China. Nurs Health Sci.
2014 Mar; 16(1):39—45. hitps://doi.org/10.1111/nhs.12127 PMID: 24635896

Zhang Z, Ran MS, Li YH, Ou GJ, Gong RR, Li RH, et al. Prevalence of post-traumatic stress disorder
among adolescents after the Wenchuan earthquake in China. Psychol Med. 2012 Aug; 42(8):1687-93.
https://doi.org/10.1017/S0033291711002844 PMID: 22152150

Sharan P, Chaudhary G, Kavathekar SA, Saxena S. Preliminary report of psychiatric disorders in survi-
vors of a severe earthquake. Am J Psychiatry. 1996 Apr; 153(4):556-8. https://doi.org/10.1176/ajp.153.
4.556 PMID: 8599406

MoHP. Adolescent Health and Development in Nepal: Status, Issues, Programmes and Challenges, a
Country Profile. Kathmandu: Ministry of Health and Population2008.

NCASC. Country Progress Report Nepal. Kathamandu: National Cetner for AIDS and STD Control,
Ministry of Health and Population, Government of Nepal; 2015.

Wasti SP, Simkhada P, Teijlingen ER. Antiretroviral treatment programmes in Nepal: Problems and bar-
riers. Kathmandu Univ Med J (KUMJ). 2009 Jul-Sep; 7(27):306—14.

NPC. Nepal Earthquake 2015. Post Disaster Needs Assessment. Sector Reports. Kathmandu:
National Planning Commission, Government of Nepal. 2015.

Sharma AJ, Weiss EC, Young SL, Stephens K, Ratard R, Straif-Bourgeois S, et al. Chronic disease
and related conditions at emergency treatment facilities in the New Orleans area after Hurricane
Katrina. Disaster Med Public Health Prep. 2008 Mar; 2(1):27-32. https://doi.org/10.1097/DMP.
0b013e31816452f0 PMID: 18388655

Robinson WT, Wendell D, Gruber D. Changes in CD4 count among persons living with HIV/AIDS follow-
ing Hurricane Katrina. AIDS Care. 2011 Jul; 23(7):803-6. https://doi.org/10.1080/09540121.2010.
534437 PMID: 21390886

Chapin E, Daniels A, Elias R, Aspilcueta D, Doocy S. Impact of the 2007 Ica earthquake on health facili-
ties and health service provision in southern Peru. Prehosp Disaster Med. 2009 Jul-Aug; 24(4):326-32.
PMID: 19806557

Harrigan PR, Hogg RS, Dong WW, Yip B, Wynhoven B, Woodward J, et al. Predictors of HIV drug-
resistance mutations in a large antiretroviral-naive cohort initiating triple antiretroviral therapy. J Infect
Dis. 2005 Feb 1; 191(3):339-47. https://doi.org/10.1086/427192 PMID: 15633092

Jia X, Ying L, Zhou X, Wu X, Lin C. The effects of extraversion, social support on the posttraumatic
stress disorder and posttraumatic growth of adolescent survivors of the Wenchuan earthquake. PLoS
One. 2015; 10(3):€0121480. https://doi.org/10.1371/journal.pone.0121480 PMID: 25815720

Bhatta DN, Liabsuetrakul T. Efficacy of a Social Self-Value Empowerment Intervention to Improve Qual-
ity of Life of HIV Infected People Receiving Antiretroviral Treatment in Nepal: A Randomized Controlled
Trial. AIDS Behav. 2017 Jun; 21(6):1620-31. https://doi.org/10.1007/s10461-016-1546-z PMID:
27613646

Chesney MA, Ickovics JR, Chambers DB, Gifford AL, Neidig J, Zwickl B, et al. Self-reported adherence
to antiretroviral medications among participants in HIV clinical trials: the AACTG adherence instru-
ments. Patient Care Committee & Adherence Working Group of the Outcomes Committee of the Adult
AIDS Clinical Trials Group (AACTG). AIDS Care. 2000 Jun; 12(3):255-66. https://doi.org/10.1080/
09540120050042891 PMID: 10928201

Kane JC, Luitel NP, Jordans MJ, Kohrt BA, Weissbecker |, Tol WA. Mental health and psychosocial
problems in the aftermath of the Nepal earthquakes: findings from a representative cluster sample sur-
vey. Epidemiol Psychiatr Sci. 2017 Jan 09:1-10.

PLOS ONE | https://doi.org/10.1371/journal.pone.0198071 June 11,2018 13/14


https://doi.org/10.1097/QAD.0b013e328352d032
https://doi.org/10.1097/QAD.0b013e328352d032
http://www.ncbi.nlm.nih.gov/pubmed/22382149
http://www.ncbi.nlm.nih.gov/pubmed/15009813
http://www.ncbi.nlm.nih.gov/pubmed/7492257
http://www.ncbi.nlm.nih.gov/pubmed/8831865
http://www.ncbi.nlm.nih.gov/pubmed/11740971
https://doi.org/10.1111/nhs.12127
http://www.ncbi.nlm.nih.gov/pubmed/24635896
https://doi.org/10.1017/S0033291711002844
http://www.ncbi.nlm.nih.gov/pubmed/22152150
https://doi.org/10.1176/ajp.153.4.556
https://doi.org/10.1176/ajp.153.4.556
http://www.ncbi.nlm.nih.gov/pubmed/8599406
https://doi.org/10.1097/DMP.0b013e31816452f0
https://doi.org/10.1097/DMP.0b013e31816452f0
http://www.ncbi.nlm.nih.gov/pubmed/18388655
https://doi.org/10.1080/09540121.2010.534437
https://doi.org/10.1080/09540121.2010.534437
http://www.ncbi.nlm.nih.gov/pubmed/21390886
http://www.ncbi.nlm.nih.gov/pubmed/19806557
https://doi.org/10.1086/427192
http://www.ncbi.nlm.nih.gov/pubmed/15633092
https://doi.org/10.1371/journal.pone.0121480
http://www.ncbi.nlm.nih.gov/pubmed/25815720
https://doi.org/10.1007/s10461-016-1546-z
http://www.ncbi.nlm.nih.gov/pubmed/27613646
https://doi.org/10.1080/09540120050042891
https://doi.org/10.1080/09540120050042891
http://www.ncbi.nlm.nih.gov/pubmed/10928201
https://doi.org/10.1371/journal.pone.0198071

@° PLOS | ONE

Earthquake impact among people living with HIV

41.

42,

43.

44,
45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Rimal R, Papadopoulos C. The mental health of sexually trafficked female survivors in Nepal. Int J Soc
Psychiatry. 2016 Aug; 62(5):487-95. https://doi.org/10.1177/0020764016651457 PMID: 27261469

Kohrt BA. Political Violence and Mental Health in Nepal: War in Context, Structural Violence, and the
Erasure of History. Edinburgh: University of Edinburgh; 2009.

Jacoby A. Felt versus enacted stigma: a concept revisited. Evidence from a study of people with epi-
lepsy in remission. Soc Sci Med. 1994 Jan; 38(2):269-74. PMID: 8140453

MoHP. Nepal Demographic Health Survey. Kathmandu2011.

Haberer JE, Cook A, Walker AS, Ngambi M, Ferrier A, Mulenga V, et al. Excellent adherence to antire-
trovirals in HIV+ Zambian children is compromised by disrupted routine, HIV nondisclosure, and para-
doxical income effects. PLoS One. 2011 Apr 21; 6(4):e18505. https://doi.org/10.1371/journal.pone.
0018505 PMID: 21533031

Schénnesson LN, Williams ML, Ross MW, Bratt G, Keel B. Factors associated with suboptimal antire-
troviral therapy adherence to dose, schedule, and dietary instructions. AIDS Behav. 2007 Mar; 11
(2):175-88. https://doi.org/10.1007/s10461-006-9160-0 PMID: 16927178

Sumari-de Boer IM, Sprangers MA, Prins JM, Nieuwkerk PT. HIV stigma and depressive symptoms are
related to adherence and virological response to antiretroviral treatment among immigrant and indige-
nous HIV infected patients. AIDS Behav. 2012 Aug; 16(6):1681-9. https://doi.org/10.1007/s10461-011-
0112-y PMID: 22198315

Galvan FH, Davis EM, Banks D, Bing EG. HIV stigma and social support among African Americans.
AIDS Patient Care STDS. 2008 May; 22(5):423-36. https://doi.org/10.1089/apc.2007.0169 PMID:
18373417

Horberg MA, Silverberg MJ, Hurley LB, Towner WJ, Klein DB, Bersoff-Matcha S, et al. Effects of
depression and selective serotonin reuptake inhibitor use on adherence to highly active antiretroviral
therapy and on clinical outcomes in HIV-infected patients. J Acquir Immune Defic Syndr. 2008 Mar 01;
47(3):384-90. https://doi.org/10.1097/QAI.0b013e318160d53e PMID: 18091609

Vranceanu AM, Safren SA, Lu M, Coady WM, Skolnik PR, Rogers WH, et al. The relationship of post-
traumatic stress disorder and depression to antiretroviral medication adherence in persons with HIV.
AIDS Patient Care STDS. 2008 Apr; 22(4):313-21. https://doi.org/10.1089/apc.2007.0069 PMID:
18338960

Adhikari RR. Christianization in Nepal: A Glimpse of Past and Present and Future. Academia [serial on
the Internet]. 24/05/2017]: Available from: http://www.academia.edu/16422118/Christianization_in_
Nepal_A_Glimpse_of_Past_and_Present_and_Future.

Negi BS, Kotaki T, Joshi SK, Bastola A, Nakazawa M, Kameoka M. Genotypic Characterization of
Human Immunodeficiency Virus Type 1 Derived from Antiretroviral Drug-Treated Individuals Residing
in Earthquake-Affected Areas in Nepal. AIDS Res Hum Retroviruses. 2017; 33(9):960-965. https://doi.
org/10.1089/AID.2017.0047 PMID: 28298145

Bhusal N, Sutthent R, Horthongkham N, Athipanyasilp N, Kantakamalakul W. Prevalence of HIV-1 Sub-
types and Antiretroviral Drug Resistance Mutations in Nepal. Curr HIV Res. 2016; 14(6):517-24. PMID:
27697032

Hu X, Cao X, Wang H, Chen Q, Liu M, Yamamoto A. Probable Post-Traumatic Stress Disorder and Its
Predictors in Disaster-Bereaved Survivors: A Longitudinal Study After the Sichuan Earthquake. Arch
Psychiatr Nurs. 2016 Apr; 30(2):192-7. https://doi.org/10.1016/j.apnu.2015.08.011 PMID: 26992870

PLOS ONE | https://doi.org/10.1371/journal.pone.0198071 June 11,2018 14/14


https://doi.org/10.1177/0020764016651457
http://www.ncbi.nlm.nih.gov/pubmed/27261469
http://www.ncbi.nlm.nih.gov/pubmed/8140453
https://doi.org/10.1371/journal.pone.0018505
https://doi.org/10.1371/journal.pone.0018505
http://www.ncbi.nlm.nih.gov/pubmed/21533031
https://doi.org/10.1007/s10461-006-9160-0
http://www.ncbi.nlm.nih.gov/pubmed/16927178
https://doi.org/10.1007/s10461-011-0112-y
https://doi.org/10.1007/s10461-011-0112-y
http://www.ncbi.nlm.nih.gov/pubmed/22198315
https://doi.org/10.1089/apc.2007.0169
http://www.ncbi.nlm.nih.gov/pubmed/18373417
https://doi.org/10.1097/QAI.0b013e318160d53e
http://www.ncbi.nlm.nih.gov/pubmed/18091609
https://doi.org/10.1089/apc.2007.0069
http://www.ncbi.nlm.nih.gov/pubmed/18338960
http://www.academia.edu/16422118/Christianization_in_Nepal_A_Glimpse_of_Past_and_Present_and_Future
http://www.academia.edu/16422118/Christianization_in_Nepal_A_Glimpse_of_Past_and_Present_and_Future
https://doi.org/10.1089/AID.2017.0047
https://doi.org/10.1089/AID.2017.0047
http://www.ncbi.nlm.nih.gov/pubmed/28298145
http://www.ncbi.nlm.nih.gov/pubmed/27697032
https://doi.org/10.1016/j.apnu.2015.08.011
http://www.ncbi.nlm.nih.gov/pubmed/26992870
https://doi.org/10.1371/journal.pone.0198071

