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Abstract

Background

Nearly a quarter of a million children have acquired HIV, prompting the implementation of
new protocols—Option B and B+—for treating HIV+ pregnant women. While efficacy has
been demonstrated in randomized trials, there is limited real-world evidence on the impact
of these changes. Using longitudinal, routinely collected data we assessed the impact of the
adoption of WHO Option B in Rwanda on mother to infant transmission.

Methods

We used interrupted time series analysis to evaluate the impact of Option B on mother-to-
child HIV transmission in Rwanda. Our primary outcome was the proportion of HIV tests in
infants with positive results at six weeks of age. We included data for 20 months before and
22 months after the 2010 policy change.

Results

Of the 15,830 HIV tests conducted during our study period, 392 tested positive. We found a
significant decrease in both the level (-2.08 positive tests per 100 tests conducted, 95% Cl:
-2.71t0-1.45, p<0.001) and trend (-0.11 positive tests per 100 tests conducted per month,
95% CI: -0.16 t0 -0.07, p < 0.001) of test positivity. This represents an estimated 297 fewer
children born without HIV in the post-policy period or a 46% reduction in HIV transmission
from mother to child.

Conclusions

The adoption of Option B in Rwanda contributed to an immediate decrease in the rate of
HIV transmission from mother to child. This suggests other countries may benefit from
adopting these WHO guidelines.
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Introduction

Globally, nearly a quarter of a million children have acquired HIV, the vast majority in sub-
Saharan Africa.[1] This has prompted the development and implementation of new protocols
for treating HIV-positive pregnant women for prevention of mother to child transmission
(PMTCT). The provision of triple antiretroviral therapy (ART) through the pregnancy and
breastfeeding period—known as “Option B” as designated by the World Health Organization
(WHO),[2]—has been shown in clinical trial settings to be more efficacious than single-drug
prophylaxis for mother and infant through six weeks, plus ongoing prophylaxis for the infant
through breastfeeding, otherwise known as “Option A”, for PMTCT.[3] Other clinical trials and
small-scale observational studies have corroborated this finding in sub-Saharan Africa.[4-7]

As aresult of these findings and the evidence of benefits of early ART treatment,[8, 9] the
WHO has called for global adoption of Option B+, which extends Option B treatment to all
mothers with HIV for life independent of immune status.[10] However, challenges in imple-
mentation of Option B+ remain, including human resource constraints, low service utilization,
and poor retention in care.[11-13] Further, the benefits of triple ART for PMTCT may be
overestimated by clinical trial findings given sub-optimal implementation in real-world set-
tings.[14]

There is limited population-level evidence on the benefit of Option B/B+ on transmission
of HIV from mother to child in national-scale, real-world implementation in the literature.
[15] Given the large monetary and resource investment required for providing triple ART for
all HIV-positive pregnant women, particularly for life,[16-19] it is critical to ascertain whether
the benefits observed in clinical trial settings are replicated in real-world settings. The availabil-
ity of routinely collected data in Rwanda allowed for a unique opportunity to conduct an
impact evaluation at national-scale. Using national reporting systems, we studied the impact
of Rwanda’s adoption of Option B/B+ on transmission of HIV from mother to child.

Materials and methods

Program setting

Rwanda implemented Option B in November 2010, making it one of the first countries in sub-
Saharan Africa to do so.[18] Option B+ was quickly thereafter adopted in April 2012, prior to
the programmatic cessation of ART for any pregnant women who were started under Option
B. [20] Prior to 2010, Rwanda was providing ART to mothers during pregnancy (zidovudine/
AZT), delivery (single-dose nevirapine), and for one week after delivery (AZT and lamivu-
dine/3TC), and infants received single-dose nevirapine at birth in addition to one month of
AZT following delivery [21]; this regimen used in Rwanda was slightly different than WHO’s
proposed Option A in the 2010 PMTCT Guidelines, which consisted of a single-drug regimen
for the mother (AZT) throughout pregnancy with either AZT or nevirapine for the infant for 6
weeks or until one week after the end of the breastfeeding period (depending on which was
longer).[22] Rwanda’s PMTCT program is integrated into antenatal care services, with HIV
testing offered to all pregnant women and their partners at their first antenatal visit. PMTCT
services are provided primarily by trained nurses at health centers, which are responsible for
routine primary care in Rwanda,[23] and were available at 85% of health facilities at the time
Option B was implemented.

Data source and outcome

Our analysis used data from the national HIV reporting database (TRACnet), a web-based
health facility reporting system for HIV services in Rwanda. Facilities report aggregate data
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into TRACnet on a monthly basis from patient registers completed by nurses. TRACnet has
undergone routine data quality assessments since 2007 and has been used in prior studies.[24]
We included all health facilities with complete monthly reporting for the entire study period
from June 2009 to November 2012 (n = 238/343, or 69% facilities that provided PMTCT ser-
vices). Our primary outcome was the HIV transmission rate from mother to child at 6 weeks,
which we calculated as the number of positive tests per 100 HIV tests conducted each month.

Study design and analysis

We assessed the real-world impact of Rwanda’s implementation of Option B/B+ on HIV trans-
mission from HIV-positive mothers to infants at six weeks using routinely collected, national-
level data. Option B was adopted and implemented beginning in Nov 2010 and Option B+ in
April 2012. To allow for scale-up and viral load suppression of women newly started on combi-
nation ART, we assessed the impact of the policy after a three-month window had elapsed.
Thus, we established the intervention start date for the interrupted time series analysis in Feb-
ruary 2011, three months after the policy change in November 2010.

We used interrupted time series analysis to study trends in monthly HIV transmission
from mother to child at six weeks after birth before and after the implementation of Option B.
[25, 26] Our interrupted time series models were fit using segmented regression models and
longitudinal data. In our model, we investigated possible autocorrelation between data points
in our generalized least squares regression using the Durbin-Watson test and autocorrelation
plots. Interrupted time series analysis is an ideal, robust method for policy analysis.[27] This
method longitudinally models shifts in both the level and trend in an outcome after a policy
change, in this case the adoption of Option B. Our data period provided us with 20 monthly
observations prior to the adoption of Option B (June 2009-January 2011) and 22 monthly
observations afterward (February 2011-November 2012). Based on tests for autocorrelation,
we fit segmented regression models using generalized least squares regression including a
fifth-order autoregressive correlation structure. Pre-intervention level and linear trends were
plotted using the model coefficients and counterfactual values of the level and trend calculated
for comparisons.[28]

Ethical considerations

This study analyzed routine anonymous, facility-level data collected and reported monthly by
the facilities that provide PMTCT services though the TRACnet reporting system and was
exempt from ethical review.

Results

Over the study period, there were 15,830 six-week HIV tests conducted among infants born to
HIV-positive mothers, 392 of which tested positive. In the 20 months prior to February 2011,
7,310 six-week tests were conducted (mean = 365.5 per month, SD = 42.7) and 242 infants
tested positive (mean = 12.1 per month, SD = 7.2). In the 22 months after the policy change,
8,520 six-week tests were conducted (mean = 387.3 per month, SD = 39.3) and 150 infants
tested positive (mean = 6.8 per month, SD = 3.7). On average, the transmission rate decreased
from 3.3% prior to the policy change to 1.8% following it, which is a 46% relative decrease in
HIV transmission following the adoption of Option B.

Our interrupted time series analysis found a significant immediate decrease of -2.08 HIV-
positive results per 100 tests conducted following the implementation of Option B (95% CI:
-2.71 to -1.45, p < 0.001, see Fig 1). We also found a decrease in the trend of -0.11 in each
month thereafter (95% CI: -0.16 to -0.07, p < 0.001). Overall, this represents approximately
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HIV-positive 6 week tests per 100 tests conducted

2009

2010 2011 2012
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Fig 1. The rate of HIV-positive six-week tests per 100 tests conducted prior to and following the implementation of Option B in Rwanda. The dashed vertical line
represents the first month in which we expected to see the results of Option B adoption (February 2011, 3 months after the implementation of Option B in November
2010). The solid red lines show the fitted values from the interrupted time series model, and the dashed red line the predicted counterfactual trend absent the policy

change.

https://doi.org/10.1371/journal.pone.0192910.9001

297 fewer infants that tested positive for HIV at six weeks following the implementation of
Option B at these health facilities over the course of our study period.

Discussion

Using a rigorous, longitudinal study design and comprehensive administrative data, we found a
decrease in the number of infants who tested positive for HIV six weeks after birth following
the adoption of WHO Option B. We found a 66% reduction in the number of positive six-week
tests compared to the expected number given existing pre-policy trends. This is comparable to
initial results from the PROMISE clinical trial showing a 67-72% reduction in transmission
rates.[3] This similarity indicates that the real-world impact of adopting Option B can be similar
to the effects observed in clinical trials, and provides backing for the use of administrative data
systems such as TRACnet in the evaluation of such policy changes. We also observed a signifi-
cant decreasing trend of HIV transmission at six weeks overtime after the implementation of
Option B, which may be the result of better execution of Option B overtime by providers ensur-
ing that all women testing positive received the correct regimen under Option B.

Other contextual factors in addition to the change in the PMTCT protocol may have con-
tributed to our observed decline in HIV transmissions. The rapid scale up of PMTCT sites pro-
vided improved proximity and accessibility to these services, however these changes occurred
primarily before the study period with national availability of PMCT services at health facilities
remaining steady around 80% of facilities during the period of study.[29] Further, Rwanda’s
implementation of Option B occurred among other interventions to strengthen the health sys-
tem and improve quality of service delivery. For instance, there have been ongoing and
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consistent increases in the percentage of women with comprehensive knowledge on HIV
transmission, delivering in a facility, and utilizing contraceptive methods.[30] However, these
improvements have been gradually occurring over time, and thus would not bias our inter-
rupted time series analysis as they would not have induced abrupt changes in our outcome at
the same point as the change to Option B. The increasing trend in HIV six-week transmission
rates prior to the switch to Option B was a surprising finding, but has been documented else-
where [29]. The cause of this trend is not known, however the complexity of the regimen prior
to Option B, improving laboratory capacity overtime, and variability in monthly transmission
rates may have contributed to it.

We note some important limitations to our work. First, we did not have access to the total
number of HIV-positive mothers in our dataset. However, given that 98% of women in
Rwanda are tested for HIV during pregnancy[30] and that an estimated 89% of HIV-positive
pregnant women receive ART for PMTCT,[31] we believe that using six-week tests as a
denominator is appropriate. Second, data on the results of subsequent HIV tests at nine
months and 18 months was not available, so we cannot comment on the impact of this policy
on longer-term transmission. Finally, we note that our data is quite variable, particularly in the
pre-intervention period, which may have led to the positive trend in six-week transmissions
from 2009-2010. We believe this variability may represent prolonged delays and fluctuations
in result turn-around time in those years, resulting in more dramatic variability across
months.[29] However, as our models examine trends and account for autocorrelation, which
may be due to factors such as seasonal variability in access to care, this variability would only
act to make our results more statistically conservative as it would have made our observed
standard errors larger. Lastly, the transmission rates from mother to child on the regimen used
in Rwanda prior to adoption of Option B are not well studied and to our knowledge there is
no data available to assess whether the transmission rates under the regimen prior to Option B
were within the expected range.

Conclusion

These results suggest that the adoption of Option B/B+ contributed to a national decline in
HIV transmission to children at six weeks following birth in Rwanda. These findings provide
population-level evidence that support WHO recommendations for wide-scale adoption and
implementation of Option B+ in sub-Saharan Africa.[10]

Acknowledgments

This paper was produced as part of a training on interrupted time series analysis conducted by
the Doris Duke Charitable Foundation’s African Health Initiative.

Author Contributions

Conceptualization: Monique Abimpaye, Catherine M. Kirk, Hari S. Iyer, Neil Gupta, Placidie
Mugwaneza, Michael R. Law.

Data curation: Eric Remera.

Formal analysis: Monique Abimpaye, Catherine M. Kirk, Hari S. Iyer, Michael R. Law.
Investigation: Monique Abimpaye, Eric Remera.

Project administration: Monique Abimpaye, Catherine M. Kirk, Hari S. Iyer.

Supervision: Catherine M. Kirk, Michael R. Law.

PLOS ONE | https://doi.org/10.1371/journal.pone.0192910  February 16, 2018 5/7


https://doi.org/10.1371/journal.pone.0192910

@° PLOS | ONE

Impact of Option B on vertical HIV transmission in Rwanda

Validation: Hari S. Iyer, Michael R. Law.

Visualization: Monique Abimpaye, Michael R. Law.

Writing - original draft: Monique Abimpaye, Catherine M. Kirk, Hari S. Iyer, Michael R.

Law.

Writing - review & editing: Neil Gupta, Eric Remera, Placidie Mugwaneza.

References

10.

1.

12

13.

14.

15.

16.

UNAIDS. The Gap Report. Geneva: UNAIDS, 2014.

World Health Organization. Consolidated guidelines on the use of antiretroviral drugs for treating and
preventing HIV infection: Recommendations for a public health approach. Geneva: World Health Orga-
nization, 2013.

Fowler MG, Qin M, Fiscus SA, Currier JS, Makanani B, Martinson F, et al. PROMISE: Efficacy and
Safety of 2 Strategies to Prevent Perinatal HIV Transmission. Conference on Retroviruses and Oppor-
tunistic Infections; February 23-26, 2015; Seattle, Washington2015.

Kim MH, Ahmen S, Hosseinipour MC, Yu X, Nguyen C, Chimbwandira F, et al. Impact of Option B+ on
the Infant PMTCT Cascade in Lilongwe, Malawi. J Acquir Immune Defic Syndr. 2015; 70:99-103.
https://doi.org/10.1097/QAI1.0000000000000692 PMID: 26322670

Thomas TK, Masaba R, Borkowf CB, Ndivo R, Zeh C, Misore A, et al. Triple-Antiretroviral Prophylaxis
to Prevent Mother-To Child HIV Transmission through Breastfeeding—The Kisumu Breastfeeding
Study, Kenya: A Clinical Trial. PLoS Medicine. 2011; 8(3):e1001015. https://doi.org/10.1371/journal.
pmed.1001015 PMID: 21468300

Kilweo C, Karlsson K, Ngarina M, Massawe A, Lyamuya E, Swai A, et al. Prevention of Mother-to-Child
Transmission of HIV-1Through Breastfeeding by Treating Mothers With Triple Antiretroviral Therapy in
Dar es Salaam, Tanzania: The Mitra Plus Study. J Acquir Immune Defic Syndr. 2009; 52(3):406—16.
https://doi.org/10.1097/QAl.0b013e3181b323ff PMID: 19730269

Kesho Bora Study Group. Triple antiretroviral compared with zidovudine and single-dose nevirapine
prophylaxis during pregnancy and breastfeeding for prevention of mother-to-child transmission of HIV-1
(Kesho Bora study): a randomised controlled trial. Lancet. 2011; 11:171-80. https://doi.org/10.1016/
S1473-3099(10)70288-7 PMID: 21237718

Kitahata MM, Gange SJ, Abraham AG, Merriman B, Saag MS, Justice AC, et al. Effect of Early versus
Deferred Antiretroviral Therapy for HIV on Survival. N Engl J Med. 2009; 360(18):1815-26. https://doi.
org/10.1056/NEJM0a0807252 PMID: 19339714

The TEMPRANO ANRS 12136 Study Group. A Trial of Early Antiretrovirals and Isoniazid Preventive
Therapy in Africa. N Engl J Med. 2015; 373(9):808. https://doi.org/10.1056/NEJMoa1507198 PMID:
26193126

World Health Organization. Guideline on When to Start Antiretroviral Therapy and on Pre-Exposure
Prophylaxis for HIV. Geneva, Switzerland: World Health Organization, 2015.

Aizire J, Fowler MG, Coovadia HM. Operational issues and barriers to implementation of prevention of
mother-to-child transmission of HIV (PMTCT) interventions in Sub-Saharan Africa. Curr HIV Res. 2013;
11(2):144-59. PMID: 23432490

Kieffer MP, Mattingly M, Giphart A, van de Ven R, Chouraya C, Walakira M, et al. Lessons Learned
From Early Implementation of Option B+: The Elizabeth Glaser Pediatric AIDS Foundation Experience
in 11 African Countries. J Acquir Inmune Defic Syndr. 2014; 67(S4):S188-S94.

Haas AD, Tenthani L, Msukwa MT, Tal K, Jahn A, Gadabu OJ, et al. Retention in care during the first 3
years of antiretroviral therapy for women in Malawi’s option B+ programme: an observational cohort
study. The Lancet HIV. 2016.

Dryden-Peterson S, Lockman S, Zash R, Lei Q, Chen J, Souda S, et al. Initial Programmatic Implemen-
tation of WHO Option B in Botswana Associated With Increased Projected MTCT. J Acquir Immune
Defic Syndr. 2015; 68(3):245-9. https://doi.org/10.1097/QAI.0000000000000482 PMID: 25501611

Shaffer N, Abrams EJ, Becquet R. Option B+ for prevention of mother-to-child transmission of HIV in
resource-constrained settings: great promise but some early caution. AIDS. 2014; 28:599-601. https:/
doi.org/10.1097/QAD.0000000000000144 PMID: 24469000

Fasawe O, Avila C, Shaffer N, Schouten E, Chimbwandira F, Hoos D, et al. Cost-Effectiveness Analysis
of Option B+ for HIV Prevention and Treatment of Mothers and Children in Malawi. PLoS One. 2013; 8
(3):e57778. https://doi.org/10.1371/journal.pone.0057778 PMID: 23554867

PLOS ONE | https://doi.org/10.1371/journal.pone.0192910  February 16, 2018 6/7


https://doi.org/10.1097/QAI.0000000000000692
http://www.ncbi.nlm.nih.gov/pubmed/26322670
https://doi.org/10.1371/journal.pmed.1001015
https://doi.org/10.1371/journal.pmed.1001015
http://www.ncbi.nlm.nih.gov/pubmed/21468300
https://doi.org/10.1097/QAI.0b013e3181b323ff
http://www.ncbi.nlm.nih.gov/pubmed/19730269
https://doi.org/10.1016/S1473-3099(10)70288-7
https://doi.org/10.1016/S1473-3099(10)70288-7
http://www.ncbi.nlm.nih.gov/pubmed/21237718
https://doi.org/10.1056/NEJMoa0807252
https://doi.org/10.1056/NEJMoa0807252
http://www.ncbi.nlm.nih.gov/pubmed/19339714
https://doi.org/10.1056/NEJMoa1507198
http://www.ncbi.nlm.nih.gov/pubmed/26193126
http://www.ncbi.nlm.nih.gov/pubmed/23432490
https://doi.org/10.1097/QAI.0000000000000482
http://www.ncbi.nlm.nih.gov/pubmed/25501611
https://doi.org/10.1097/QAD.0000000000000144
https://doi.org/10.1097/QAD.0000000000000144
http://www.ncbi.nlm.nih.gov/pubmed/24469000
https://doi.org/10.1371/journal.pone.0057778
http://www.ncbi.nlm.nih.gov/pubmed/23554867
https://doi.org/10.1371/journal.pone.0192910

@° PLOS | ONE

Impact of Option B on vertical HIV transmission in Rwanda

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Gopalappa C, Stover J, Shaffer N, Mahy M. The costs and benefits of Option B+ for the prevention of
mother-to-child transmission of HIV. AIDS. 2014; 28(Suppl 1):S5-S14.

Binagwaho A, Pegurri E, Drobac P, Mugwaneza P, Stulac SN, Wagner CM, et al. Prevention of Mother-
To-Child Transmission of HIV: Cost Effectiveness of Antiretroviral Regimens and Feeding Options in
Rwanda. PLoS One. 2013; 8(2):e54180. https://doi.org/10.1371/journal.pone.0054180 PMID:
23437040

Scott CA, lyer HS, Bwalya DL, Bweupe M, Rosen SB, Scott N, et al. Uptake, Outcomes, and Costs of
Antenatal, Well-Baby, and Prevention of Mother-to-Child Transmission of HIV Services under Routine
Care Conditions in Zambia. PloS One. 2013; 8(8):e€72444. https://doi.org/10.1371/journal.pone.
0072444 PMID: 24015245

Treatment and Research AIDS Center, National University of Rwanda School of Public Health, National
Reference Laboratory, UNICEF. Effectiveness of National Program for the Prevention of Mother-to-
Child Transmission of HIV in Rwanda. Kigali, Rwanda: Ministry of Health, 2010.

Rwanda Biomedical Center. National Annual Report on HIV & AIDS July 2010-June 2011. Kigali,
Rwanda: Ministry of Health, 2011.

World Health Organization. Antiretroviral drugs for treating pregnant women and preventing HIV infec-
tions in infants: recommendations for a public health approach. Geneva: World Health Organization,
2010.

Ministry of Health. Third Health Sector Strategic Plan: July 2012-June 2018. Kigali, Rwanda: Republic
of Rwanda, 2012.

Nsanzimana S, Ruton H, Lowrance DW, Cishahayo S, Nyemazi JP, Muhayimpundu R, et al. Cell
Phone-Based and Internet-Based Monitoring and Evaluation of the National Antiretroviral Treatment
Program During Rapid Scale-Up in Rwanda: TRACnet, 2004—2010. J Acquir Imimune Defic Syndr.
2012; 59:e17—e23. https://doi.org/10.1097/QAI.0b013e31823e2278 PMID: 22067668

Wagner AK, Soumerai SB, Zhang F, Ross-Degnan D. Segmented Regression Analysis of Interrupted
Time Series Studies in Medication Use Research. J Clin Pharm Ther. 2002; 27(4):299-309. PMID:
12174032

Bernal JL, Cummins S, Gasparrini A. Interrupted time series regression for the evaluation of public
health interventions: a tutorial. Int J Epidemiol. 2017; 46(1):348-55.

Lagarde M. How to do (or not to do). . . Assessing the impact of a policy change with routine longitudinal
data. Health Policy and Planning. 2011:1-8.

Zhang F, Wagner AK, Soumerai SB, Ross-Degnan D. Methods for estimating confidence intervals in
interrupted time series analyses of health interventions. J Clin Epid. 2009; 62(2):143-8.

Binagwaho A, Mugwaneza P, Irakoze AA, Nsanzimana S, Agbonyitor M, Nutt CT, et al. Scaling up early
infant diagnosis of HIV in Rwanda, 2008-2010. J Public Health Policy. 2013; 34(1):2—16. https://doi.org/
10.1057/jphp.2012.62 PMID: 23191941

National Institute of Statistics. Rwanda Demographic and Health Survey 2014—15 Final Report. Kigali,
Rwanda: Republic of Rwanda, 2016.

Rwanda Biomedical Center. National HIV Annual Report: 2013-2014. Kigali, Rwanda: Ministry of
Health, 2014.

PLOS ONE | https://doi.org/10.1371/journal.pone.0192910  February 16, 2018 7/7


https://doi.org/10.1371/journal.pone.0054180
http://www.ncbi.nlm.nih.gov/pubmed/23437040
https://doi.org/10.1371/journal.pone.0072444
https://doi.org/10.1371/journal.pone.0072444
http://www.ncbi.nlm.nih.gov/pubmed/24015245
https://doi.org/10.1097/QAI.0b013e31823e2278
http://www.ncbi.nlm.nih.gov/pubmed/22067668
http://www.ncbi.nlm.nih.gov/pubmed/12174032
https://doi.org/10.1057/jphp.2012.62
https://doi.org/10.1057/jphp.2012.62
http://www.ncbi.nlm.nih.gov/pubmed/23191941
https://doi.org/10.1371/journal.pone.0192910

