
RESEARCH ARTICLE

Optimizing prevention of HIV mother to child

transmission: Duration of antiretroviral

therapy and viral suppression at delivery

among pregnant Malawian women

Maganizo B. Chagomerana1*, William C. Miller2, Jennifer H. Tang1,3, Irving F. Hoffman1,4,

Bryan C. Mthiko1, Jacob Phulusa1, Mathias John1, Allan Jumbe1, Mina C. Hosseinipour1,4

1 UNC Project-Malawi, Kamuzu Central Hospital, Lilongwe, Malawi, 2 Division of Epidemiology, College of

Public Health, The Ohio State University, Columbus, OH, United States of America, 3 Department of

Obstetrics and Gynecology, The University of North Carolina at Chapel Hill, Chapel Hill, NC, United States of

America, 4 Department of Medicine, The University of North Carolina at Chapel Hill, Chapel Hill, NC, United

States of America

* mchagomerana@unclilongwe.org

Abstract

Background

Effective antiretroviral therapy during pregnancy minimizes the risk of vertical HIV transmis-

sion. Some women present late in their pregnancy for first antenatal visit; whether these

women achieve viral suppression by delivery and how suppression varies with time on ART

is unclear.

Methods

We conducted a prospective cohort study of HIV-infected pregnant women initiating antire-

troviral therapy for the first time at Bwaila Hospital in Lilongwe, Malawi from June 2015 to

November 2016. Multivariable Poisson models with robust variance estimators were used

to estimate risk ratios (RR) and 95% confidence intervals (CI) of the association between

duration of ART and both viral load (VL)�1000 copies/ml and VL�40 copies/ml at delivery.

Results

Of the 252 women who had viral load testing at delivery, 40 (16%) and 78 (31%) had VL

�1000 copies/ml and VL�40 copies/ml, respectively. The proportion of women with poor

adherence to ART was higher among women who were on ART for�12 weeks (9/50 =

18.0%) than among those who were on ART for 13–35 weeks (18/194 = 9.3%). Compared

to women who were on ART for�12 weeks, women who were on ART for 13–20 weeks

(RR = 0.52; 95% CI: 0.36–0.74) or 21–35 weeks (RR = 0.26; 95% CI: 0.14–0.48) had a

lower risk of VL�40 copies/ml at delivery. Similar comparisons for VL�1000 copies/ml at

delivery showed decrease in risk although not significant for those on ART 13–20 weeks.
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Conclusion

Longer duration of ART during pregnancy was associated with suppressed viral load at

delivery. Early ANC attendance in pregnancy to facilitate prompt ART initiation for HIV-posi-

tive women is essential in the effort to eliminate HIV vertical transmission.

Introduction

Among pregnant women, elevated viral loads in the plasma or genitourinary tract increase the

risk of HIV mother-to-child-transmission (MTCT).[1–3] Without any intervention, high viral

loads have been associated with a 20–25% risk of vertical HIV transmission.[4] Effective anti-

retroviral therapy (ART) reduces viral load in the plasma[5, 6] and cervicovaginal fluid[6] by

blocking HIV replication in people living with HIV infection, including HIV-infected preg-

nant women. As a result, ART has been very effective in reducing both vertical [7, 8] and hori-

zontal HIV transmission to a�2% vertical transmission risk among women with a plasma

viral load (VL) <1000 copies/ml.[9–11]

Persistently high levels of VL in HIV-infected persons on ART is often an indication of

poor adherence and/or treatment failure that can subsequently lead to the development of an

HIV drug resistant (HIVDR) strain.[12] For HIV-infected pregnant women, the HIVDR

strain can be transmitted to the infant, resulting in impaired efficacy of ART in both mother

and child.[13] Failure to achieve adequate viral suppression during pregnancy can also lead to

challenges in ART treatment for the infant.

In Malawi, Option B+ has dramatically increased uptake of the PMTCT program.[14] In

Option B+ programs, HIV-infected pregnant women who are not on ART are started on ART

during pregnancy and continued for life regardless of CD4 cell count or WHO clinical stage.

[15, 16] As some women present late in pregnancy for their first antenatal care (ANC) visit

and ART initiation, these women may not achieve viral suppression by the time of delivery if

duration of ART and ART adherence is insufficient.

Therefore, our study’s primary objective was to analyze data from newly-diagnosed HIV-

infected pregnant women who started ART at a large urban hospital in Lilongwe, Malawi and

evaluate the association between duration on ART and viral suppression by the time of deliv-

ery. Our secondary objective was to evaluate the effect of ART adherence on this association.

Methods

Study design, population and setting

We conducted a prospective cohort study of HIV-infected pregnant women initiating ART for

the first time under the Option B+ program at Bwaila Hospital in Lilongwe, Malawi, from

June 2015 to November 2016. Participants enrolled in this study were recruited from ANC

clinic and included women who were presenting for their first ANC visit for the current

pregnancy.

As part of routine care, all pregnant women attending their first ANC for the current preg-

nancy were interviewed to determine their HIV status and ART exposure. Information col-

lected during the interview was cross-checked with documentation in the participant’s

personal health passport, a government-issued document that contains information on general

history, diagnoses, treatments, antenatal consultations, and deliveries. Women with unknown

or negative HIV status were tested for HIV using two rapid tests to establish or confirm their
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HIV status. All HIV-infected pregnant identified were enrolled in the national PMTCT pro-

gram. HIV-infected women who were already on ART were continued on their therapy while

those who were not on ART or were exposed only to single-dose nevirapine (NVP) or zidovu-

dine (ZDV) during a previous pregnancy were initiated on ART immediately.

All confirmed HIV-infected women aged�16 years who were ART-naïve or exposed only

to single-dose nevirapine (NVP) or zidovudine (ZDV) during a previous pregnancy were eligi-

ble for the study. After providing written informed consent, all eligible women were enrolled

and started on first-line ART regimen with tenofovir, lamivudine and efavirenz (TDF/3TC/

EFV) at the first ANC visit.

This study was approved by the National Health Sciences Research Committee of Malawi

and the Institutional Review Board at the University of North Carolina at Chapel Hill.

Follow-up and data collection

We followed all enrolled women from the first day of ART initiation (or antenatal care) until

delivery. The follow-up schedule followed standard ANC guidelines in Malawi; all enrolled

women were seen monthly after the initial ANC visit until delivery. In addition to clinical

information, we also collected information on ART adherence based on reported number of

missed pills, number of pills brought to the clinic, number of pills left at home, and number of

pills dispensed during the scheduled visits.

Laboratory investigations

CD4 cell count testing was conducted at the clinic site during the initial ANC visit using Bec-

ton Dickinson FACScounts. HIV RNA was measured at baseline, 6 months (for those whose

initial ANC visit was in the first trimester), and at labor and delivery. HIV RNA testing was

conducted at the UNC Project-Malawi clinical research laboratory using the Abbott M2000

system. Women who had detectable viral load were offered ART adherence counselling.

Variable definitions and classification

Main exposure. The main exposure was duration of ART during the current pregnancy

measured in weeks and derived from the time elapsed between ART start date (first ANC visit

date) and delivery date. Women were assigned to one of three categories for ART duration: 1)

�12 weeks, 2) 13–20 weeks, or 3) 21–35 weeks.

Main outcome. The main outcome was HIV VL level at delivery based on VL tests done

within 14 days of delivery date (within 14 days before or after delivery). We looked at viral sup-

pression at two cut-off points, 1000 copies/ml and 40 copies/ml (40 copies/ml is the level of

detection at the UNC Project-Malawi laboratory). We classified a woman as having failed to

achieve sufficient viral suppression and complete viral suppression at delivery if VL

was� 1000 copies/ml and� 40 copies/ml, respectively.

Confounding and effect measure modification. Prior to analysis, we identified age, body

mass index, CD4 cell count, VL, education, marital status, parity, and HIV WHO clinical stage

at baseline as potential confounders of the relationship between duration of ART and viral

suppression at delivery based on clinical relevance and literature review. All confounders

except education (no school or primary, secondary or tertiary), marital status (single, married,

or divorced/widowed), WHO clinical stage (Stage1 or Stages 2 & 3) were modeled as continu-

ous or ordinal to minimize sparse data. All predetermined potential confounders were

included in all multivariable models.

Adherence to ART affects viral suppression regardless of the period that an individual has

been on therapy. We identified ART adherence as a potential effect measure modification
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(EMM) factor of the relationship between duration of ART and viral suppression at delivery.

To ascertain if an individual was adherent to ART, we collected the self-reported number of

pills missed yesterday, 2 days ago, 2 weeks ago, and 30 days ago. In addition, we recorded the

number of pills brought to the clinic, self-reported number of pills left at home, and number of

pills dispensed during every clinic visit. The number of pills brought to the clinic and self-

reported number of pills left at home was used to verify the self-reported number of pills

missed. We defined ART non-adherence as a ratio of the number of pills missed to the number

of pills dispensed during the pregnancy; a ratio of 0 represents full adherence, and a ratio of 1

represents complete non-adherence. We dichotomized ART non-adherence as: 1) good adher-

ence (ART non-adherence ratio = 0–5%), and 2) poor adherence (ART non-adherence ratio

>5%).

Statistical analyses

We used univariable logistic regression models to assess if there was an association between

baseline characteristics and both VL�1000 copies/ml and VL�40 at delivery. Pearson corre-

lation coefficients were used to assess for correlations between BMI, age, CD4 cell count, VL,

and WHO clinical stage. In the primary analysis, we used multivariable Poisson models with

robust variance estimators to estimate risk ratios (RR) and 95% confidence intervals (CI) of

the association between categories of duration of ART and both VL�1000 copies/ml and VL

�40 copies/ml at delivery. In the analysis exploring EMM for ART adherence, we collapsed

duration of ART into two categories: 1)�12 weeks, and 2) 13–35 weeks to minimize sparse

data. In a secondary analysis, we used multivariable Poisson models with robust variance esti-

mators to estimate RRs and 95% CIs for the association between duration of ART as a continu-

ous measure (in weeks) and both VL�1000 copies/ml and VL�40 copies/ml at delivery.

All analyses were performed using Stata software, version 14.1 (StataCorp LP, College Sta-

tion, Texas, USA).

Results

A total of 299 women were enrolled during the study period. At first ANC visit, 266 (89%)

were married, and 139 (47%) had already given birth at least twice (Table 1). The median age

of the women was 26.7 years (Interquartile rage (IQR): 22.9–30.2), and median gestational age

was 22.1 weeks (IQR: 18.1–26.3). The median duration on ART prior to delivery was 17 weeks

(IQR: 13–21). Women who were on ART for>12 weeks were more likely to have secondary

or tertiary education (OR = 1.86; 95% CI: 0.99, 3.49 for 13–20 weeks and OR = 2.55; 95% CI:

1.27–5.09 for 21–35 weeks) when compared to women who were on ART for�12 weeks. Simi-

larly, women who were on ART for>12 weeks were more likely to be nulliparous or primipa-

rous (OR = 1.46; 95%CI: 0.80–2.66 for 13–20 weeks and OR = 2.35; 95% CI: 1.20–4.61 for 21–

35 weeks) than women who were on ART for�12 weeks. Otherwise, at enrollment the women

in the three ART duration categories were similar in age, BMI, marital status, CD4 cell count,

and VL.

Of the 299 women enrolled, 252 women (84.3%) had a VL performed at the time of deliv-

ery. We did not have information for viral load at delivery for 47 women who were either lost

to follow before delivery (9 women) or delivered at home /at another hospital and did not

return for viral load testing within 14 days of delivery (38 women). Among the 252 women

who had VL test results at delivery, 40 (15.9%) and 78 (31%) had VL�1000 copies/ml and VL

�40 copies/ml, respectively (Table 2). Women who had VL�40 copies/ml at delivery had a

lower CD4 count (odds ratio (OR) = 0.82; 95% CI: 0.71–0.94)) and higher VL (OR = 1.96; 95%

CI: = 1.36–2.83) at enrollment than those who had VL<40 copies/ml at delivery. Women who
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had VL�1000 copies/ml at delivery had lower CD4 count (OR = 0.82; 95%CI: 0.68–0.98) but

similar VL (OR = 1.32; 95% CI: 0.87–2.00) at enrollment to those who had VL<1000 copies/

ml at delivery.

More women on ART for�12 weeks had VL�1000 copies/ml at delivery (15/56 = 26.8%),

compared to women on ART for 13–20 weeks (19/125 = 15.2%) or 21–35 weeks (6/71 = 8.5%).

Over half (32/56 = 57.1%) of the women on ART for�12 weeks had VL�40 copies/ml at

delivery, compared to 28.0% (35/125) for 13–20 weeks and 15.5% (11/71) for 21–35 weeks. Of

the 56 women on ART for�12 weeks, 12 were on ART for 0–6 weeks and 44 were on ART for

7–12 weeks (Table 3). Among the 12 women who were on ART 0–6 weeks, 2 (16.6%) had VL

�1000 copies/ml and 5 (41.7%) had VL�40 copies/ml at delivery. Women who were on ART

7–12 weeks showed a similar trend in VL at delivery with 13 (29.5%) having VL�1000 copies/

ml and 27 (61.4%) having VL�40 copies/ml.

Information on ART adherence during pregnancy was available for 244 women; 27 women

(11.1%) had poor adherence. The proportion of women with poor adherence was higher

among women who were on ART for�12 weeks (9/50 = 18.0%) than among those who were

on ART for 13–35 weeks (18/194 = 9.3%). A higher proportion of women with poor adherence

Table 1. Characteristics of the participants at enrollment.

Characteristic

Total

N = 299

Duration of ART at Delivery

� 12 weeks

N = 68

13–20 weeks

N = 129

21–35 weeks

N = 75

Age (years)

Median (IQR) 26.7 (22.9, 30.2) 27.3 (22.2, 31.0) 26.9 (23.0, 30.9) 26.2 (22.1, 29.5)

BMI (kg/m2)

Median (IQR) 23.8 (21.9, 26.6) 23.9 (22.2, 26.7) 23.9 (21.5, 26.7) 23.5 (22.0, 25.6)

Gestational age (weeks)

Median (IQR) 22.1 (18.1, 26.3) 27.9 (22.8, 31.4) 23.7 (21.3, 26.0) 17.0 (13.9, 19.3)

Education [n (%)]

No school or primary 172 (57.7) 47 (70.2) 72 (55.8) 36 (48.0)

Secondary or tertiary 126 (42.3) 20 (29.8) 57 (44.2) 39 (52.0)

Marital Status [n (%)]

Single 10 (3.3) 4 (5.9) 3 (2.3) 1 (1.3)

Married 266 (89.0) 58 (85.3) 118 (91.5) 68 (90.7)

Divorced/widowed 23 (7.7) 6 (8.8) 8 (6.2) 6 (8.0)

Parity [n (%)]

Nulliparity 53 (17.9) 13 (19.4) 16 (12.6) 18 (24.0)

Primiparity 104 (35.1) 14 (20.9) 47 (37.0) 28 (37.3)

Multiparity 139 (47.0) 40 (59.7) 64 (50.4) 29 (38.7)

CD4 count (cells/mm3)

Median (IQR) 350 (231, 517) 375 (236, 530) 326 (232, 537) 354 (227, 502)

Viral load (copies/ml)

Median (IQR) 15627

(3258, 48,237)

16033

(4250, 42614)

14692

(2642, 52426)

15902

(3744, 41763)

WHO clinical stage [n (%)]

Stage 1 284 (95.0) 62 (91.2) 122 (94.6) 73 (97.3)

Stage 2 or 3 15 (5.0) 6 (8.8) 7 (5.4) 2 (2.7)

Note: 8 Missing BMI, 1 missing education, 2 missing parity, 5 missing baseline CD4 count, 13 missing baseline viral

load, and 27 missing delivery information (includes LTFU).

https://doi.org/10.1371/journal.pone.0195033.t001
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had VL�1000 (22.2% vs 14.8%) copies/ml and VL�40 copies/ml (55.5% vs 26.7%) at delivery

than those with good adherence. The distribution of women who achieved viral suppression at

Table 2. Predictors of viral suppression at the time of delivery.

Characteristic Viral load�1000 copies/ml Viral load�40 copies/ml

Yes

(N = 40)

No

(N = 212) OR (95% CI)

Yes

(N = 78)

No

(N = 174) OR (95% CI)

Age

Median (IQR) 25.1 (22.3,

29.7)

27.0 (22.9,

31.0)

0.96 (0.90,

1.03)

25.8 (22.3,

29.5)

27.2 (23.0,

31.3)

0.96 (0.91,

1.02)

BMI

Median (IQR) 24.9 (22.3,

28.0)

23.9 (21.8,

26.6)

1.06 (0.97,

1.15)

24.3 (22.2,

26.7)

23.6 (21.6,

26.6)

1.05 (0.97,

1.12)

Education [n (%)]

No school or

Primary

24 (61.5) 120 (56.6) 1.00 49 (63.6) 95 (54.6) 1.00

Secondary or

Tertiary

15 (38.5) 92 (43.4) 0.82 (0.40,

1.64)

28 (36.4) 79 (45.4) 0.69 (0.40,

1.19)

Marital Status [n (%)]

Single 2 (5.0) 6 (2.8) 1.82 (0.35,

9.38)

4 (5.1) 4 (2.3) 2.37 (0.58,

9.77)

Married 35 (87.5) 191 (90.1) 1.00 67 (85.9) 159 (91.4) 1.00

Divorced or

Widowed

3 (7.5) 15 (7.1) 1.09 (0.30,

3.97)

7 (9.0) 11 (6.3) 1.51 (0.56,

4.06)

Parity [n (%)]

Nulliparity 6 (15.0) 37 (17.6) 1.00 16 (20.5) 27 (15.7) 1.00

Primiparity 14 (35.0) 68 (32.4) 1.27 (0.45,

3.58)

20 (25.6) 62 (36.0) 0.54 (0.25,

1.21)

Multiparity 20 (50.0) 105 (50.0) 1.17 (0.44,

3.15)

42 (53.9) 83 (48.3) 0.85 (0.42,

1.76)

CD4 cell count (/100)

Median (IQR) 3.0 (1.7, 4.9) 3.6 (2.6, 5.2) 0.82 (0.68,

0.98)

3.0 (2.0, 4.8) 3.8 (2.6, 5.3) 0.82 (0.71,

0.94)

Viral load (log10)

Median (IQR) 4.4 (3.8, 4.7) 4.2 (3.5, 4.7) 1.32 (0.87,

2.00)

4.5 (3.9, 4.6) 4.1 (3.4, 4.6) 1.96 (1.36,

2.83)

WHO clinical stage

[n (%)]

Stage 1 36 (90.0) 202 (95.3) 1.00 73 (93.6) 165 (94.8) 1.00

Stage 2 or 3 4 (10.0) 10 (4.7) 2.24 (0.67,

7.54)

5 (6.4) 9 (5.2) 1.26 (0.41,

3.88)

Note: 5 Missing BMI, 1 missing education, 2 missing parity, 2 missing baseline CD4 count, and 11 missing baseline

viral load

https://doi.org/10.1371/journal.pone.0195033.t002

Table 3. Distribution of women who started ART� 12 weeks.

Viral load�1000 copies/ml Viral load�40 copies/ml

Duration of ART Yes N (%) No N (%) Yes N (%) No N (%)

0–3 weeks 0 (0.0) 1 (100) 1 (100) 0 (0.0)

4–6 weeks 2 (18.2) 9 (81.8) 4 (36.4) 7 (63.6)

7–9 weeks

10–12 weeks

3 (27.3) 8 (72.7) 9 (81.8) 2 (18.8)

10 (30.3) 23 (69.7) 18 (54.5) 15 (45.5)

https://doi.org/10.1371/journal.pone.0195033.t003
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delivery stratified by level of ART adherence and the trimester at ART initiation is shown in

Fig 1.

In the primary analysis, women who were on ART for 13–20 weeks (adjusted risk ratio

(aRR) = 0.52; 95% CI: 0.36–0.74) or 21–35 weeks (aRR = 0.26; 95% CI: 0.14–0.48) were less

likely to have VL�40 copies/ml than women who were on ART for�12 weeks (Table 4). The

Fig 1. The distribution of women who achieved viral suppression at delivery stratified by level of ART adherence and the trimester at ART

initiation.

https://doi.org/10.1371/journal.pone.0195033.g001

Table 4. Associations between duration of ART at delivery and viral suppression at delivery.

Viral suppression at delivery

Duration of ART �1000 copies/ml (N = 40) <1000 copies/ml (N = 212) Unadjusted RR (95% CI) Adjusted RR† (95% CI)

� 12 weeks 15 (26.8) 41 (73.2) 1.00 1.00

13–20 weeks 19 (15.2) 106 (84.8) 0.57 (0.31, 1.03) 0.67 (0.37, 1.22)

21–35 weeks 6 (8.5) 65 (91.5) 0.32 (0.13, 0.76) 0.36 (0.15, 0.90)

�40 copies/ml (N = 78) <40 copies/ml (N = 175)

� 12 weeks 32 (57.1) 24 (42.9) 1.00 1.00

13–20 weeks 35 (28.0) 90 (72.0) 0.49 (0.34, 0.70) 0.52 (0.36, 0.74)

21–35 weeks 11 (15.5) 60 (84.5) 0.28 (0.15, 0.50) 0.26 (0.14, 0.48)

†Adjusted for age, BMI, baseline CD4 cell count, baseline viral load, education, marital status, parity, and HIV WHO clinical stage

https://doi.org/10.1371/journal.pone.0195033.t004
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risk of VL�1000 copies/ml was similarly lower in women who were on ART for 21–35 weeks

compared to those who were on ART for�12 weeks. The point estimate comparing women

who were on ART for 13–20 weeks to those who were on ART for�12 weeks suggested a

reduced risk of having VL�1000 copies/ml at delivery.

In stratified analysis by category of ART duration, we found that among women on ART

for 13–35 weeks, poor adherence was strongly associated with VL�40 copies/ml (aRR = 2.39;

95% CI: 1.38–4.15) but not with VL�1000 copies/ml (aRR = 1.36; 95% CI: 0.43–4.32) at deliv-

ery. However, among women on ART for�12 weeks poor adherence was not associated with

VL�1000 copies/ml (aRR = 2.96; 95% CI: 0.50–17.54) or VL�40 copies/ml (aRR = 1.09; 95%

CI: 0.48–2.47) at delivery.

Women who were on ART for 13–35 weeks with poor adherence had a higher risk of VL

�40 copies/ml at delivery (aRR = 2.43; 95% CI: 1.43–4.12) compared to women who were on

ART for a similar duration but had good adherence (Table 5). Compared to women who were

on ART for 13–35 weeks with good adherence, women who were on ART for�12 weeks with

good adherence and�12 weeks with poor adherence had higher risk of VL�40 copies/ml at

delivery (aRR = 2.57; 95% CI: 1.72–3.84 and aRR = 2.90; 95% CI: 1.41–5.98, respectively). A

similar pattern in risk was observed for VL�1000 copies/ml at delivery, although the risk

increase compared to women on ART for 13–35 weeks with good adherence was only signifi-

cant for those on ART for�12 weeks with good adherence (aRR = 1.89; 95% CI 1.01–3.54),

with a trend towards increased risk seen for those on ART for 13–35 weeks with poor adher-

ence (aRR = 1.30; 95% CI: 0.40–4.21) and those on ART�12 weeks with poor adherence

(aRR = 2.46; 95% CI: 0.59–10.25).

When ART duration was considered as a continuous exposure, there was evidence of a

reduced risk of having non-suppressed viral load at delivery with longer duration of ART dur-

ing pregnancy. For each additional week on ART, the adjusted risk of having VL>1000 cop-

ies/ml and VL�40 copies/ml at delivery decreased by 0.049 (95% CI: -0.098 –-0.001) and

0.086 (95% CI: -0.121 –-0.052) on the log scale, respectively.

Discussion

The results from our prospective cohort study of ART-naïve pregnant women who started

ART during pregnancy show that being on ART for more than 12 weeks before delivery

Table 5. Associations between duration of ART at delivery and viral suppression at delivery stratified by levels of ART adherence.

Viral Suppression at delivery

Duration

of ART

ART adherence� �1000 copies/ml (N = 38) <1000 copies/ml (N = 206) Unadjusted RR (95% CI) Adjusted RR† (95% CI)

13–35

weeks

Good 21 (11.9) 155 (88.1) 1.0 1.0

Poor 3 (16.7) 15 (83.3) 1.40 (0.46, 4.24) 1.30 (0.40, 4.21)

� 12 weeks Good 11 (26.8) 30 (73.2) 2.45 (1.18, 4.29) 1.89 (1.01, 3.52)

Poor 3 (33.3) 6 (66.7) 2.79 (1.02, 7.68) 2.46 (0.59,10.25)

�40 copies/ml (N = 73) <40 copies/ml (N = 171)

13–35

weeks

Good 36 (20.5) 140 (79.5) 1.0 1.0

Poor 9 (50.0) 9 (50.0) 2.44 (1.41, 4.23) 2.43 (1.43, 4.12)

� 12 weeks Good 22 (53.7) 19 (46.3) 2.62 (1.74, 3.95) 2.57 (1.72, 3.84)

Poor 6 (66.7) 3 (33.3) 3.26 (1.89, 5.63) 2.90 (1.41, 5.98)

†Adjusted for age, BMI, baseline CD4 cell count, baseline viral load, education, marital status, parity, and HIV WHO clinical stage

� Good: 95–100%, Poor: <95%

https://doi.org/10.1371/journal.pone.0195033.t005
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(starting ART before the third trimester) is associated with suppressed VL at the time of deliv-

ery. The association between duration of ART and viral suppression varied with level of treat-

ment adherence. Specifically, being on ART for 13–35 weeks coupled with good adherence to

treatment was associated with the greatest reduction in the risk of non-suppressed VL at deliv-

ery. These findings are important because they highlight the need for not only initiating ART

early in pregnancy, but also being adherent to therapy if ART for PMTCT is to be effective in

achieving viral suppression at delivery.

The proportion of pregnant women (15.9%) in this study who did not achieve VL<1000

copies/ml around the time of delivery is concerning. Viral suppression during pregnancy is

one of the goals for preventing MTCT. The current WHO virological criterion for treatment

failure is VL�1,000 copies/ ml.[16] High viral load, particularly if >1000 copies/ml, is an

important predictor of fetal HIV transmission, [1–3, 17] and most fetal infections occur during

the second or third trimester.[18–20] If poor adherence is not detected and remedied immedi-

ately, treatment failure during pregnancy can lead to the development of HIVDR strains that

can subsequently be transmitted to the infant.[13]

However, a majority of women (73%) who were on ART for�12 weeks in this study had

VL<1000 copies/ml at delivery despite the short period that they were on therapy. This find-

ing is consistent with the results from a cohort of pregnant women who were initiated or

restarted on ART in United States of America (USA).[21] Most of the women in the USA

cohort achieved viral suppression within 25 days after ART initiation. Considering that a sub-

stantial number of women report for their first ANC visit late in pregnancy, the large propor-

tion of pregnant women who achieve viral suppression despite starting ART late in pregnancy

is encouraging. This information is also important for policymakers as they consider the opti-

mal duration for ART during pregnancy and balance the need for viral suppression with con-

cern for adverse birth outcomes among women on long durations of ART.

Poor adherence rate among women who were on ART for�12 weeks was approximately

double of those who were on ART for 13–35 weeks (18.0% vs 9.3%). Women who are on ART

for�12 weeks are late ANC initiators who have limited time on ART before delivery. Late

ANC initiators who are also poor adherers to ART represent women that have poor access to

health care or low trust in the health care system. However, with good adherence, these late

initiators can achieve VL<1000 copies/ml by the time of delivery.[21] Focused support should

be given to these women to not only bring them into care early in their pregnancy but also

keep them in care if viral suppression at delivery is to be achieved.

Our finding that longer duration of ART during pregnancy is associated with reduced risk

of non-suppressed VL corroborates results reported by other studies looking at viral suppres-

sion at delivery. Among pregnant women who enrolled in an observational cohort study in

Europe, the percent of women reaching undetectable VL at delivery increased with increase in

the duration of ART at the time of delivery.[22] In Benin, the probability of having undetect-

able VL at delivery increased 4-fold if the ART treatment during pregnancy lasted at least 8

weeks.[23] In South Africa, pregnant women starting ART in the third trimester were at

greater risk of failing to achieve viral suppression at delivery.[24]

Studies looking at the association between duration of ART during pregnancy and perinatal

HIV transmission have also found that starting ART early in pregnancy is necessary for

PMTCT. A retrospective cohort analysis of pregnant HIV-infected women attending public

antenatal care clinics in Zambia showed decreased odds of HIV transmission if the mother

was on therapy for at least 13 weeks.[25] Studies modeling the effect of duration of combina-

tion ART (cART) in HIV-infected women who started cART during pregnancy reported a

decline in the probability of MTCT[26] and reduced odds of MTCT[27] with each additional

week of treatment.
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In this study, we have shown that the risk of non-suppressed VL at delivery among ART-

naïve pregnant women who started ART during pregnancy decreases with increase in the

duration of ART in the era of Option B+. Among women who were on ART for a similar dura-

tion, the risk of having non-suppressed VL was lower in women with good adherence to treat-

ment compared to those with poor adherence. These findings suggest that viral suppression at

delivery can be achieved if pregnant women not only attend ANC early in pregnancy but also

adhere to ART throughout the pregnancy period. Early attendance at ANC is critical for new

ART initiators if maximum time on therapy is to be realized. Good adherence to ART ensures

adequate therapeutic levels of ART necessary to suppress viral replication.[28]

Development of ART-related side effects such as nausea, vomiting, diarrhea, and loss of

appetite [29–32] contribute to poor adherence among pregnant women, depending on the

ART regimen. In this study, we did not explore the reasons behind poor adherence to treat-

ment. We also do not rule out the presence of other non-ART related factors that influence

poor adherence. Regardless of the reasons for poor adherence to ART, poor adherence during

pregnancy increases the burden of HIV through the development of drug resistant strains,[33]

increased MTCT, and maternal morbidity and mortality.[34, 35]

Our definition of ART non-adherence was based on reported number of pills missed over

the pregnancy period. Self-reported adherence can result in adherence misclassification due to

recall bias or tendency of individuals to overstate adherence.[36] However, we do not expect

the use of self-reported adherence to have influenced our findings. In this study, we collected

redundant information to verify the accuracy of self-reported adherence. We collected the self-

reported number of pills missed yesterday, 2 days ago, 2 weeks ago, and 30 days ago. In addi-

tion, we recorded the number of pills brought to the clinic, self-reported number of pills left at

home, and number of pills dispensed during every clinic visit.

The VL at delivery among women who had poor adherence to ART may depend on the

period when they had poor adherence to treatment. In this analysis, we did not take into con-

sideration the timing of poor adherence for women who started ART early in pregnancy.

When ART adherence is good early in pregnancy and poor late in pregnancy, VL levels around

the time of delivery can be high due to waning drug levels in the body or the development of

ART resistance. The VL levels around the time of delivery can also be high when ART adher-

ence is poor early in pregnancy but good late in pregnancy if ART resistance has developed or

the good adherence is not long enough to achieve viral suppression.

Some of our comparisons in stratified analyses and analyses that included ART adherence

as an EMM suffered from low precision due to small sample size. The inadequate sample size

may have contributed to our strange observation of lack of a significant association between

poor adherence and viral suppression within the duration of ART categories. Our study was

not powered to assess any EMM. Although ART adherence is a risk factor for viral suppression

at delivery, we could not include ART adherence as a confounder of the relationship between

duration of ART and viral suppression because ART adherence is not a risk factor for duration

of ART but may be a consequence of duration of ART. Nevertheless, our findings around ART

adherence highlight the existence of positive synergy between long duration of ART and good

adherence in achieving viral suppression at delivery.

Our findings suggest that starting ART early in pregnancy coupled with good adherence to

treatment can reduce the risk of non-suppressed VL at delivery. Countries implementing

Option B+ should vigorously promote early ANC attendance in pregnancy to facilitate prompt

ART initiation for HIV-infected women. Enhanced ART adherence counselling among HIV-

infected pregnant women should also be prioritized in the global effort to eliminate HIV verti-

cal transmission.
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