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*" In resource-restricted settings, nevirapine is a critical

drug for preventing mother-to-child HIV prevention
(PMTCT) during labor and delivery. HIV-positive
mothers take a tablet early in labor and give a liquid
formulation orally to the infants within 72 hours

of birth. In Africa, many fewer babies than mothers
receive their dose. A major obstacle has been the lack
of individually packaged doses of liquid pediatric
nevirapine. The large number of women who give birth
at home should be given such doses during antenatal
clinic visits. A collaboration among PATH, the United
States Agency for International Development (USAID),
nevirapine producer Boehringer Ingelheim, the
Elizabeth Glaser Pediatric AIDS Foundation and the
Kenya Ministry of Health set out to develop a simple
nevirapine delivery system for newborns.
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The initial idea was to prepackage single pediatric nevirapine doses
at a central facility. This effort failed due to limited shelf life and
regulatory issues. Ultimately, the collaboration developed a self-
sealing laminated foil pouch designed to hold a capped oral syringe.
Clinic staff members fill the syringe with nevirapine, cap it, seal

it in a pouch and instruct their antenatal patients on how to use

it. Health care workers and expectant mothers have welcomed the
innovation. Initial signs are that more at-risk babies are receiving
nevirapine. This project is contributing to the UNICEF efforts to
develop a take-home mother-baby pack. The new pack would hold

a more potent and prolonged combination PMTCT regimen.

Project Origins

“In 2001,” recalls Adriane Berman, senior program associate at
PATH in Seattle, “after conversation with colleagues at Boehringer
Ingelheim and Population Services International, USAID
approached PATH on ways to more effectively deliver infant
nevirapine for preventing mother-to-child HIV transmission.
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This was part of an ongoing conversation between USAID, the
Boehringer Ingelheim pharmaceutical company and Population
Services International.” And so began a five-year international quest
leading to a simple, practical step forward in the struggle to control
the HIV epidemic.

The beginning of this decade was a breakthrough epoch for
bringing HIV treatments to developing countries. The first step,
PMTCT, was a more tractable issue than treating established HIV
infection. The U.S. National Institutes of Health trial HIVNET
012 pointed out an elementary strategy in 1999: Vertical HIV
transmission could be reduced by 41 percent merely by giving

the mother 200 mg of the anti-HIV drug nevirapine during labor
and a small liquid dose to the newborn. (Single-dose nevirapine
achieved this reduction at month 18 after birth. The reduction was
in comparison with multiple doses of AZT given to the mother in
labor and baby in the first week. All of the mothers breastfed their
babies.)

In response, Bochringer Ingelheim, the manufacturer of nevirapine
(brand name Viramune®), announced its PMTCT donation
program in July 2000. Extended indefinitely after the initial five-
year span, the program supplies low-income countries unable to

secure a purchased nevirapine supply.
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Groups such as USAID and Boehringer’s program administrator
Axios International soon noticed that, although the program was
successful at reaching those who give birth in urban or district
clinics, it was much less successful in rural areas where many
women give birth at home. For example, the Elizabeth Glaser
Pediatric AIDS Foundation reported that at 10 African clinics,
two-thirds of HIV-positive mothers received single-dose nevirapine
from 2000 to 2003, but only about half their babies did.

Less than half the mothers in sub-Saharan Africa give birth in a
clinic, and Berman says, “In some places, the government and the
doctors didn’t trust women to take drugs home, or they didn’t have
the supplies to do it.” In addition, it was easy to hand out a single
nevirapine tablet for the mother. The newborn’s dose — which

is supposed to be taken within 72 hours of birth — was initially
0.2 ml/kg of a viscous liquid formulation. That was eventually
simplified to 0.6 ml fixed dose for take-home use. Pediatric
nevirapine comes in 240 ml and 20 ml bottles, so measuring out
the small individual quantity, packaging it and storing it at home
was extremely cumbersome, as was administering it to the baby. At

this stage, suitable packaging was not available.

The lack of nevirapine uptake helped perpetuate the overall
limitations in HIV care. “The beauty is that if you offer something,
people add other things. More and more mothers are covered in
remote areas. In general, the coverage of babies increases,” says
Michael Rabbow, director of Boehringer's PMTCT-oriented
Viramune Donation Programme. The existence of the nevirapine
program encourages a more geographically dispersed clinic
network, more frequent antenatal visits and ancillary services such

as nutrition support.

Seeking an Elegant Solution

PATH’s formal undertaking to develop a take-home single-dose
nevirapine delivery system began in 2002 with USAID funding
through the HealthTech: Technologies for Health Program. As

the project developed, USAID was able to provide advice and
feedback from its network of field offices. It also contributed to
key decisions and provided PATH with connections to outside
organizations, including the World Health Organization (WHO),
U.S. Pharmacopoeia and other USAID-funded projects capable of
advising on the concept. Playing a more active role was Boehringer
Ingelheim. “Boehringer was the only company with approved
nevirapine [at the time], and the company didn’t want to release
the technical dossier,” says Berman. “Boehringer did the stability
testing. It was providing the drug free and was a critical partner

all the way as we moved to see what would work in field. At each
step, the company advised on what it would support.” Boehringer
receives little revenue from nevirapine because nearly all sales are
by low-cost generic manufacturers in developing countries, which

Bochringer allows despite its patents.
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PATH's original idea was to provide clinics with a prefilled oral
squeeze bottle or syringe at a cost of less than 20 cents per unit. The
hope was that the unopened prefilled applicator would not only be

a great convenience for clinic staff, but would also extend the drug’s
shelf life. Boehringer currently rates the shelf life of a large unopened
bottle of liquid nevirapine as three years. That figure goes down

to six months once the bottle is open — if kept below 30° C. In
Bochringer’s tests, the nevirapine in the individual-dose containers
was stable for just two months. The problem was that the individual-
dose containers had considerably more plastic per unit of drug
compared with the large multi-dose bottles. The plastic absorbed

some of the preservative in the nevirapine formulation.

In December 2004, Boehringer informed PATH that it could not
go ahead with the centrally prefilled scheme. A major problem

was that extending the shelf life of the individual-dose units
necessitated reformulating the oral solution. Besides the investment
in creating and testing the new formulation, this change would
have required new regulatory approval. In any case, creating

a facility to fill an altered packaging format meant substantial
investment in infrastructure by either Boehringer or the recipient

countries. Regulatory approval would be necessary here too.

Adapting to a Practical Solution

Meanwhile, a few Kenyan clinics were moving ahead with their
own makeshift solution. They removed the needles from standard
intravenous syringes, siphoned into them sufficient nevirapine
liquid and packaged them in the materials at hand — multiple
layers of aluminum foil, plastic bags and paper sheets plus used
medication boxes. When those materials were not available, the
mothers frequently did not receive any nevirapine to take home for

their newborns.

Bochringer made a step forward in 2005, when it began shipping
empty oral syringes along with the bottles of infant nevirapine. The
availability of standard syringes did not by itself ensure a take-home
newborn dose, however. PATH revamped its effort by focusing on
packaging the syringes. Inspired by the Kenyan makeshift model,
PATH proposed a laminated foil pouch with a self-sealing adhesive
strip. The pouch provided an area for a printed label containing
pictorial instructions and space to write the expiration date. PATH
found a manufacturer that would produce the pouch in quantity
for 8.5 cents each. It then designed a pictorial label and published a

manual for training health care personnel.

Simple as the oral syringe in a self-sealing pouch is, it still has
several drawbacks. The major one is that it requires individual
filling at the point of use rather than at a central mass-production
facility. This is inconvenient, and it was uncertain at first whether

health care personnel would embrace the process on a wide scale.
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A major disappointment was the two-month shelf life, which the
sealed pouch did not prolong. If a pregnant woman has her only
antenatal clinic visit before the 32-week point, she may not receive
the nevirapine dose for her baby. Kenya and some other countries
are taking a more aggressive approach. They are giving the
newborn’s nevirapine to the pregnant woman whenever she comes
and ask that she return for a new dose in two months, believing
that something is better than nothing in any case, despite the shelf

life issue.

From Field Evaluation to Field Availability

It was therefore unclear what reception the syringe pouch would
encounter. But a USAID 2005 survey of PMTCT program managers
in Kenya and PATH on-site visits showed that the pouch was

widely regarded as an improvement over the existing situation. The
Elizabeth Glaser Pediatric AIDS Foundation, the Kenyan Ministry of
Health and Family Health International then conducted formal field

evaluations that had extremely positive results.

“Our impression was that people were really excited,” says Nicole
Buono, who is project director for Elizabeth Glaser’s Global Call

to Action, which promotes PMTCT. “The providers were more
comfortable with sending drugs home. The reality is deliveries
happen at home, and people might not come in for weeks. Without
the pouch, nurses have to bundle up the nevirapine themselves and

give instructions.”

A September 2006 stakeholders meeting in Kenya reviewed the
studies. The enthusiasm was so great that the Kenya Ministry of
Health promptly changed its guidelines to recommend distributing
take-home infant nevirapine packaged in the syringe and pouch.
PATH provided a year’s supply of the pouches to cover the rollout
program. With PATH and Elizabeth Glaser advocating for wider
distribution, Boehringer soon agreed to add the pouches to its
donation program. Says Rabbow, “Once the pouch was designed
and field tested, we knew we should add it to our package, and

I knew we could pay.” Boehringer’s shipments began in November
2007 and totaled more than 260,000 through early 2009.

The company sent a similar number of syringes in the same
period, although Buono recalls occasions when transport delays
prevented either the pouches or syringes from arriving with the

nevirapine supply.

It is difficult to evaluate the effect of the pouch on infant
nevirapine use at this writing (April 2009). Widespread pouch
availability did not occur until 2008. Rabbow points to a progress
report from Zambia’s Center for Infectious Diseases, which

states that infant nevirapine coverage increased from 58 percent
to 77 percent after the pouch arrived. Marie-Héléne Besson,

who administers the Viramune Donation Programme at Axios
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International, notes, “We will never reach 100 percent nevirapine
coverage because some mothers are not convinced it is helpful;

there is fear and stigma, family pressure.”

Future Developments

This project was successful because the partners complemented
each other’s capabilities. PATH has long experience developing
alternative health technologies feasible in resource-restricted
environments. The Elizabeth Glaser Foundation had relationships
with the Kenya clinics so that it could introduce the pouch

and survey the reaction to it. The Kenya Ministry of Health
incorporated the new packaging into its official HIV guidelines.
Bochringer Ingelheim, most importantly, already had a wide, free
PMTCT distribution system in place. Finally, PATH and the
Elisabeth Glaser Foundation had the advocacy skills to convince

the drug company to ship the pouch along with the nevirapine.

Berman concludes, “Where we ended up is not where we thought
we would go. But we ended up with a simple approach — syringe,

pouch, instructions — that facilitated sending the drug home.”

Nonetheless, many improvements could be made. A first step is

to increase coverage. A major possibility is to work with the home
birth attendants that help many mothers deliver. Besson says, “The
pouch has provided opportunity for clinics to be in contact with
traditional birth attendants [TBAs]. Some clinics have regular
meetings with TBAs and can provide the pouch to women who did
not come to the clinic late enough. This cooperation, which started
in Tanzania five years ago, is now more and more common. These
are programs beyond nevirapine distribution. Still, TBAs may be
most appropriate channel for extending this distribution.” PATH is
already working on a small box of critical birth supplies for home-
birth attendants, and that kit could easily include drugs for HIV.
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PMTCT does not stop with nevirapine. The current WHO
guidelines recommend a combination preventive regimen. If the
mother is not already on antiretroviral therapy for her own health,
she is supposed to receive AZT starting at week 28 of pregnancy,
and then single-dose nevirapine plus AZT during labor. Her infant
is supposed to receive single-dose nevirapine at birth and then one
week of AZT. A Thai trial found that this combination reduced
mother-to-child transmission by 80 percent compared with
administering AZT alone to both mother and child (all infants
were formula fed). UNICEF is now working on a mother-baby
pack that would provide the WHO regimen and supplemental
medications in a single take-home box. PATH and the Elizabeth
Glaser Foundation are both consulting on the UNICEF project.

The nevirapine pouch took five years to bring to fruition, but it is
now leading to further innovation. Projects that facilitate PMTCT
have great potential to reduce infant HIV prevalence in resource-
restricted areas even without the extensive use of combination
antiretroviral therapy seen in North America and Europe. Mother-
to-child HIV transmission rates in developed countries are about
two percent. In Africa, Botswana has achieved rates only a little
higher following the WHO guidelines. This success is predicated
on Botswana’s rapidly growing PMTCT program, which is
integrated into Botswana’s extensive perinatal care program. As

a result, more than 95 percent of HIV-positive pregnant women
receive PMTCT medications.

By David Gilden
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