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Abacavir is a potential option for prophylaxis and early treat-
ment of human immunodeficiency virus (HIV), but no data 
are available in neonates. Ten neonates administered a single 
abacavir dose of 8 mg/kg before 15 days of life had substantially 
higher exposures than those reported in infants and children, 
with no reported adverse events.
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Birth diagnosis and rapid initiation of combination antire-
troviral treatment (cART) is increasingly recommended for 
treatment of neonates (<28  days of age) living with human 
immunodeficiency virus (HIV) [1]. The same cART initiated 
from birth in neonates at high risk of vertical HIV acquisition 
will simultaneously provide prevention and treatment for those 
neonates subsequently confirmed to be living with HIV [2]. 
However, initiating a triple antiretroviral drug regimen in neo-
nates is challenging because of limited therapeutic options and 
the need for frequent dosing changes.

Only 5 antiretrovirals have sufficient data on dosing and 
safety for term (≥38 weeks gestational age) neonates exposed 
to HIV. Zidovudine, lamivudine, nevirapine, and raltegravir 
can be used from birth and lopinavir/ritonavir from 2 weeks of 
age [2]. The World Health Organization (WHO) recommends 
abacavir (ABC) in first-line cART for infants weighing at least 
3 kg and from 4 weeks of age [1], but it is only licensed for in-
fants older than 3 months. There are limited pharmacokinetics 

and safety data for infants <3 months of age with no neonatal 
ABC dosing guidance.

Abacavir is well absorbed orally and metabolized in the liver 
via alcohol dehydrogenase (ADH) and uridine diphosphate 
glucuronyltransferase (UGT) [3]. Rapid development and mat-
uration changes in the first months of life makes predicting ne-
onatal ABC drug exposures in neonates difficult. Current South 
African guidelines recommend infants living with HIV on 
cART to transition from zidovudine to ABC at 1 month of age 
[4], but it may be preferable to initiate ABC earlier to minimize 
the number of antiretroviral changes.

As pharmacokinetic data are lacking to guide clinicians on 
ABC use in neonates, whether for antiretroviral prophylaxis 
or treatment, we report on the pharmacokinetics and safety of 
single-dose ABC in neonates.

METHODS

Study Design

We performed an open-label single-dose pharmacokinetics and 
safety study of ABC in neonates exposed to HIV and infants 
<3 months of age living with HIV. In this report we present data 
from the cohort of neonates exposed to HIV. The study was 
conducted at Tygerberg Hospital, Cape Town, South Africa, and 
approved by the ethics committee of Stellenbosch University 
(N17/08/074). Mothers gave written informed consent.

Study Procedures

The study was composed of a single pharmacokinetic study visit 
with telephonic follow-up. Healthy, term infants receiving zido-
vudine and nevirapine for prevention of vertical HIV transmis-
sion with a negative birth HIV nucleic acid test were eligible. 
The routine prevention of mother-to-child transmission ser-
vice at the hospital referred potential study participants to the 
study team for consideration. Neonates received a single dose of 
8 mg/kg of ABC liquid. Blood for quantification of ABC plasma 
concentrations were taken at 1, 2, 4, 6, and 8 hours post-ABC 
dose. There were no feeding restrictions. All mothers were to be 
contacted 1 month after the ABC dosing to check for adverse 
events. All HIV nucleic acid test results were extracted from the 
National Health Laboratory Service database.

Pharmacokinetic Analysis

Samples were stored at −70°C and shipped to the AMS-PHPT 
Clinical Pharmacology laboratory at Chiang Mai University, 
Thailand, for analysis. Plasma ABC concentrations were quanti-
fied using a validated liquid chromatography-triple quadrupole 
mass spectrometry assay over the range of 0.02 to 2.5 µg/mL. 
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This laboratory participates in the DAIDS/NIH funded Clinical 
Pharmacology Quality Assurance Program. ABC pharmacoki-
netic parameters were computed using a noncompartmental 
analysis (Phoenix64, V8.2, Certara, Princeton, NJ, USA). 
Calculated parameters included: area under the plasma drug 
concentration-time curve (AUC), maximum plasma con-
centration (Cmax), time to Cmax (Tmax), apparent oral clearance 
(CL/F), and last concentration measured postdose (Clast). 
Nonpharmacokinetic statistical analyses were performed using 
Stata software (v11.0, StataCorp, College Station, TX, USA).

RESULTS

Study Population

Ten term neonates (8 female) were enrolled. The median (range) 
gestational age at birth was 39 (38–42) weeks, and the median 
(range) birth weight was 3158 (2540–4150) grams. All mothers 
were treated with tenofovir, emtricitabine, and efavirenz. Eight 
infants exposed to HIV received daily nevirapine monotherapy, 
and 2 received daily nevirapine and twice daily zidovudine.

Abacavir Pharmacokinetics

On the pharmacokinetic sampling day, the median postnatal age 
was 10 (6–15) days, and the median weight was 3320 (2850–4440) 
grams. A median ABC dose of 8.1 mg/kg (8.0–8.4) mg/kg was ad-
ministered at the same time as each infant’s antiretroviral prophy-
laxis. The individual characteristics of the neonates and their ABC 
pharmacokinetic parameters are described in Table 1. The median 
(range) Cmax of ABC was 4.4 (2.9–7.2) µg/mL, Tmax was 2.0 (1.0–4.0) 
hours, and Clast (or C8) was 1.9 (1.2–2.6) µg/mL. The median AUC0–8 
and AUC0–inf were 26.3 (15.5–35.7) and 39.1 (22.3–50.9) μg.hr/mL, 
respectively, with apparent median oral clearance (CL/F) value of 
3.5 (2.6–6.3) mL/min/kg.

Safety

No adverse events were observed on the pharmacokinetic sam-
pling day. One month following the pharmacokinetic sampling 
visit, 9 of the 10 mothers could be contacted, and all reported 
healthy infants. No skin rash, fever, or vomiting was observed 
in the 2 weeks following single-dose ABC. All 9 infants had a 
repeat negative HIV nucleic acid test between 10 and 16 weeks 
of life. One mother could not be reached by telephone; however, 
this infant had a negative HIV nucleic acid test registered on the 
NHLS database by 19 weeks of age.

DISCUSSION

This is the first study to our knowledge describing the pharma-
cokinetic and safety of a single-dose of ABC in term neonates 
receiving the licensed dose for children ≥3 months of age. ABC 
exposure observed were higher than those reported in infants 
and children, likely due to slower drug clearance through im-
mature enzyme pathways in this population. Despite high expo-
sure, ABC was well tolerated with no reported adverse events.

ABC can be given once or twice daily with an AUC propor-
tional to the dose [3]. At the approved adult dose of 300 mg twice 
daily, the mean AUC0–12 is 6.02 μg.hr/mL [3]. Approximately 
double the adult ABC dose is required for children (due to 
higher clearance) to achieve comparable adult exposure [3]. 
A study in children receiving weight-band dosing with a fixed-
dose ABC tablet (~12.5 mg/kg twice daily) had ABC AUC0–12 in 
the range of 11.3–17.3 μg.hr/mL [5]. In our study, the median 
AUC exposure following a single dose of 8  mg/kg were 2- to 
3-fold higher. Interestingly, a recent population pharmacoki-
netic analysis of ABC in severely malnourished children with 
HIV who were dosed using World Health Organization (WHO) 
weight band dosing, also found an increased ABC exposure in 
the range of 12.2–36.4 μg.hr/mL among those with treatment 
success [6].

Clearance is typically low in neonates undergoing rapid de-
velopmental and physiological changes in the first months of 
life. ABC CL/F is reported to be a function of postmenstrual 
age, evident from recently presented data from the IMPAACT 
P1106 trial where ABC CL/F increased from 11.2 to 17.2 mL/
min/kg between 2 and 9 months of life in normal and low-birth 
weight infants with HIV [7]. As expected, the ABC CL/F in our 
study (performed in neonates before 15 days of life) was even 
lower (2.6–6.3 mL/min/kg). A preliminary report from a con-
gress in 2000 reported a similar ABC CL/F range of 1.7–3.0 mL/
min/kg in 9 neonates after a single 2 mg/kg dose [8]. Differences 
in the timing of the pharmacokinetic sampling between studies 
could explain the minor difference observed, but the age of the 
neonates at the time of pharmacokinetic assessment were not 
reported in the earlier study. Taken together, these data show a 
substantially lower ABC CL/F in neonates compared to infants 
and young children.

Table 1. Individual Characteristics and Abacavir Pharmacokinetic 
Parameters

Subject
GA 

(wks)
Birth 

Wt (g)
Cmax (µg/

mL)
AUC0-8h  

(μg.hr/mL)
AUC0-∞ 

(μg.hr/mL)
Half-life 

(hr)
CL/F (mL/
min/kg)

1 40 3035 4.42 24.49 29.62 2.47 4.57

2 38 3310 4.39 23.40 33.09 4.09 4.04

3 38 4150 7.19 35.31 47.21 3.63 2.86

4 38 2540 2.91 15.49 22.34 4.12 6.28

5 38 2885 4.21 25.24 46.46 6.35 3.00

6 42 3300 6.79 35.70 45.98 3.23 2.91

7 40 3330 6.00 27.27 34.33 3.13 3.94

8 39 3190 4.09 22.12 30.92 4.02 4.40

9 39 3125 5.05 30.41 43.91 3.85 3.06

10 38 2960 4.16 28.24 50.89 5.99 2.63

Median 39 3158 4.41 26.26 39.12 3.93 3.50

Min 38 2540 2.91 15.49 22.34 2.47 2.63

Max 42 4150 7.19 35.70 50.89 6.35 6.28

Abbreviations: AUC, area under the plasma concentration vs time curve; CL/F, apparent 
oral clearance; Cmax, maximum plasma concentration; GA, gestational age; Max, maximum; 
Min, minimum; Wt, weight. 
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Despite higher exposure and reduced clearance observed in 
our study, no ABC associated adverse events were identified. 
The risk for ABC hypersensitivity is <1 % for all children [9]. 
Recent findings from 2 large observational cohorts further sup-
port ABC’s favorable safety profile. Of 139 European infants 
with HIV initiating ABC aged < 3 months (20 neonates), only 
19 (14%) discontinued the drug by 12 months, 4 due to a pos-
sible ABC adverse event occurring within 7  days of starting 
ABC (1 metabolic acidosis, 1 diarrhea, and 2 possible hyper-
sensitivity reactions were reported) [10]. Of 931 South African 
infants with HIV initiating ABC aged <3 months (96 neonates), 
only 61/798 (8%) discontinued ABC permanently; 1 hypersen-
sitivity reaction was reported in an infant on day 73 of life [11].

There are several limitations to our study. First, due to delays 
in the availability of birth HIV nucleic acid test results, earlier 
pharmacokinetic sampling could not be performed. Second, 
ABC was only administered at a single dose, and assessing a va-
riety of doses would have been preferable. Finally, no laboratory 
assessments following the single dose were made to evaluate 
possible drug-related toxicity.

A shift from the current infant antiretroviral prophylaxis ap-
proaches to a simplified framework harmonized with early treat-
ment was endorsed at the WHO convened PADO-4 meeting [12]. 
Administration of ABC from birth, instead of zidovudine, would 
be more aligned with current treatment guidelines for those neo-
nates with confirmed HIV (ie, minimizing drug changes) and also 
provide an alternative option to the few antiretrovirals available. 
The high exposure and reduced clearance in our study show that 
reduced liquid ABC doses in neonates are required if comparable 
infant exposures at licensed doses are targeted, and this should be 
further explored through the application of population pharma-
cokinetic modeling. However, there remains an urgent need to 
further study solid formulations of ABC in neonates, including 
the feasibility of using generic fixed-dosed antiretroviral combin-
ations (FDC), which often require administration of higher than 
approved doses but have greatly simplified and accelerated access 
to cART for infants and children globally.
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