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Abkürzungsverzeichnis 

ANC Geburtsvorsorge (antenatal care) 

ART Antiretrovirale Therapie  

ARV Antiretrovirales Medikament (antiretroviral) 

AZT Zidovudin 

CI Konfidenzintervall (confidence interval) 

HB Hämoglobin 

HIV Humanes Immundefizienz-Virus (human immunodefiency virus) 

IQR Interquartilsabstand (interquartile range) 

KDH Distrikt-Krankenhaus von Kyela (Kyela District Hospital) 

MCV Durchschnittliches Erythrozytenvolumen (mean corposcular volume) 

MTCT Mutter-Kind-Übertragung von HIV (mother-to-child-transmission of HIV) 

NNRTI Nicht-nukleosidischer Reverse-Transkriptase-Inhibitor 

NRTI Nukleosidischer Reverse-Transkriptase-Inhibitor 

NVP Nevirapin 

NVP-ED Nevirapin-Einmaldosis 

PCR Polymerase-Kettenreaktion (polymerase chain reaction) 

PMTCT Prävention der Mutter-Kind-Übertragung von HIV  

(prevention of mother-to-child transmission of HIV)  

RBC Erythrozytenzahl (red blood cell count)  

RDW Erythrozytenverteilungsbreite (red cell distribution width) 

RT Reverse Transkriptase 

SSW Schwangerschaftswoche 

WHO Weltgesundheitsorganisation (World Health Organization) 

3TC Lamivudin



Zusammenfassung · Abstrakt 

 1 

Zusammenfassung  

1 Abstrakt 

Weltweit werden jährlich 370.000 Kinder mit HIV infiziert. Der größte Teil von ihnen lebt in 

Subsahara-Afrika, und sie werden meist von ihren Müttern während Schwangerschaft, Geburt 

oder Stillzeit angesteckt. In Tansania wurden im Juni 2008 die Leitlinien zur Prävention der 

HIV-Mutter-Kind-Übertragung (prevention of mother-to-child-transmission of HIV, PMTCT) 

von einer Nevirapin-Einmaldosis zur Geburt auf ein antiretrovirales Kombinationsregime umge-

stellt. Mit Hilfe des Kombinationsregimes sollen Übertragungsraten gesenkt und Resistenz-

bildungen gegen Nevirapin vermindert werden. Wegen seiner Komplexität birgt dieses Regime 

allerdings die Gefahr, in infrastrukturell schwachen Regionen nicht optimal durchführbar zu 

sein. Insbesondere sind Herausforderungen bezüglich der Medikamentenadhärenz, komplexer 

Resistenzbildungen und toxischer Medikamentennebenwirkungen zu befürchten. Ziel dieser Ar-

beit ist es, die Umsetzung des komplexen Medikamentenregimes zur PMTCT unter realen Be-

dingungen in einer peripheren Region Tansanias zu evaluieren.  

Dafür wurde im Distrikt-Krankenhaus von Kyela an 184 HIV-positiven Schwangeren eine Beo-

bachtungsstudie durchgeführt, die sich in mehrere Substudien untergliederte. In Substudie 1 

wurde die Medikamentenadhärenz mit Hilfe eigenständig erstellter Fragebögen analysiert. Diese 

stellte sich insgesamt als schwach heraus: Nur ein Mutter-Kind-Paar erreichte ein Adhärenzni-

veau von ≥95% für alle Phasen der Prophylaxeintervention. Ein frühes Gestationsalter bei Erst-

vorstellung in der Schwangerschaftsvorsorge stellte einen Risikofaktor dar, in der Schwanger-

schaft nicht mit einer Medikamenteneinnahme zu beginnen. Die HIV-Statusoffenbarung hinge-

gen stand im Zusammenhang mit höheren vorgeburtlichen Adhärenzwerten. Substudie 2 unter-

suchte das Auftreten von Resistenzen gegen die eingesetzten Medikamente. Dafür wurden Allel-

spezifische Polymerasekettenreaktionen durchgeführt, mit denen für 40% der Mütter resistente 

Virusvarianten nachgewiesen werden konnten. Die Einnahme einer mehr als zehnwöchigen Mo-

noprophylaxe mit Zidovudin (AZT) während der Schwangerschaft war mit einem erhöhten Auf-

treten von AZT-Resistenzen zur Geburt assoziiert. Die in Substudie 3 beobachteten medikamen-

teninduzierten Blutbildveränderungen waren transient und meist mild. Jedoch wiesen einige we-

nige Kinder Fälle schwerer Hämatotoxizität auf.   

Insgesamt stellte die Umsetzung des komplexen Prophylaxeregimes in dieser infrastrukturell 

schwachen Region Tansanias eine große Herausforderung dar, sowohl für die betroffenen Frau-

en, als auch für das Gesundheitspersonal. Zur Steigerung der vorgeburtlichen Adhärenz wären 

eine stärkere Unterstützung der betroffenen Frauen durch enge Vertrauenspersonen und eine 
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intensivere Personalschulung wünschenswert. Um die Fälle der frühen Prophylaxeablehnung zu 

verringern, hat Tansania bereits einen früheren AZT-Prophylaxebeginn in der Schwangerschaft 

eingeführt. Die längere vorgeburtliche AZT-Einnahme erhöht jedoch die Gefahr von AZT-

Resistenzbildungen. Um diesen vorzubeugen, erscheint der Einsatz einer Medikamenten-

kombination bereits zum Prophylaxebeginn sinnvoll. Gleichzeitig wäre die Einführung routine-

mäßiger Blutbildkontrollen für AZT-haltige PMTCT-Interventionen erstrebenswert, um auftre-

tende Fälle schwerer Hämatotoxizität nicht zu übersehen. 

2 Abstract 

Approximately 370,000 children are infected every year with the human immunodeficiency virus 

(HIV). Most of them are living in sub-Saharan Africa, where they are usually infected by their 

mothers during pregnancy, delivery or breastfeeding. In June 2008, Tanzania changed its guide-

lines for the prevention of mother-to-child-transmission (PMTCT) of HIV to a combination 

medication regimen, in an effort to lower transmission rates and to curb the development of 

drug-resistance against the formerly recommended nevirapine single-dose. However, the feasi-

bility of this new regimen in areas of limited resources is questionable due to concerns regarding 

adherence, the subsequent complex drug-resistance, and toxic side effects. This thesis aims to 

evaluate the implementation of the combination prophylaxis regimen under real-life conditions 

in rural Tanzania.  

In the Kyela District Hospital, 184 HIV-positive pregnant women were enrolled in this observa-

tional study, which was further divided into several substudies. Substudy 1 analyzed adherence 

to the combination prophylaxis using standardized questionnaires. Ultimately, only one mother-

child-pair could maintain at least 95% adherence throughout the prophylactic intervention. An 

early gestational stage at the first prenatal care visit was identified as a risk-factor for not starting 

pre-delivery prophylaxis, while HIV-status disclosure to a person of trust was related to higher 

adherence rates during the gestational period. The emergence of resistance against antiretroviral 

drugs was quantified in Substudy 2. Allele-specific polymerase chain reactions were used to de-

tect resistant viral strains in 40% of the women. The prenatal intake of zidovudine (AZT) mono-

prophylaxis for more than ten weeks was associated with increased emergence of AZT-

resistance at the time of delivery. Substudy 3 monitored blood counts, showing mostly mild and 

transient changes for the mothers, while few children presented cases of severe haematological 

toxicity.   

Overall, the implementation of the combination prophylaxis regimen in rural Tanzania has 

shown to be a major challenge for the affected mothers, as well as for healthcare workers. Ad-

herence rates could be drastically improved by enhancing the provision of social support to the 
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affected women, as well as scaling up PMTCT training for staff. In an effort to minimize cases 

of rejection of prophylaxis, Tanzania has introduced an early prophylaxis start during pregnancy. 

Unfortunately, a prolonged AZT-intake during pregnancy increases the risk of AZT-resistance, 

so that the use of a drug combination early in the regimen would be advisable. At the same time, 

monitoring blood counts should be implemented as a constituent part of any PMTCT services 

using AZT-containing regimen in order not to oversee cases of severe haematological toxicity. 

3 Einleitung 

Weltweit sind über zwei Millionen Kinder unter 15 Jahren mit dem Humanen Immundefizienz-

Virus (HIV) infiziert und jährlich werden 370.000 Kinder neu angesteckt. Die Übertragung von 

HIV auf Kinder findet hauptsächlich durch vertikale Mutter-Kind-Transmission (mother-to-

child-transmission of HIV, MTCT) während Schwangerschaft, Geburt oder Stillzeit statt. Am 

schwersten ist das ressourcenschwache Subsahara-Afrika von der Epidemie betroffen1. Dort be-

steht ohne Intervention ein vertikales Transmissionsrisiko von 25-48%2.  

Neben einem in ressourcenschwachen Regionen meist nicht durchführbaren Stillverzicht werden 

zur Prävention der Mutter-Kind-Übertragung von HIV (prevention of mother-to-child-

transmission of HIV, PMTCT) hauptsächlich antiretrovirale Medikamente (ARVs) eingesetzt. 

Durch die Einnahme von Nevirapin (NVP), einem nicht-nukleosidischen Reverse-Transkriptase-

Inhibitor (NNRTI), kann eine Senkung der vertikalen Transmission auf unter 15% erreicht wer-

den3. Die einmalige Einnahme des kostengünstigen NVP zur Geburt (NVP-ED) wurde nicht zu-

letzt wegen ihrer einfachen Anwendbarkeit in ressourcenlimitierten Regionen lange als PMTCT-

Standard favorisiert. Allerdings konnten nach NVP-ED eine hohe Rate an Resistenzen gegen 

NVP und andere NNRTIs beobachtet werden4. Um der Bildung von NVP-selektierten Resisten-

zen vorzubeugen und das Risiko der vertikalen HIV-Transmission weiter zu reduzieren, emp-

fiehlt die Weltgesundheitsorganisation (WHO) seit 2006 unter anderem ein Kombinationspro-

phylaxeregime aus NVP und zwei nukleosidischen Reverse-Transkriptase-Inhibitoren (NRTIs), 

Zidovudin (AZT) und Lamivudin (3TC)5.  

Den WHO-Leitlinien von 2006 folgend wurden 2008 auch in Tansania, einem der ärmsten und 

am wenigsten entwickelten Länder der Welt6, neue PMTCT-Leitlinien eingeführt: Allen HIV-

positiven schwangeren Frauen, die keiner antiretroviralen Therapie (ART) bedürfen, sollten ab 

der 28. Schwangerschaftswoche (SSW) 2x täglich 300mg AZT als medikamentöse Prophylaxe 

angeboten werden. Zur Geburt waren die einmalige Gabe von 200mg NVP, die dreistündliche 

Gabe von 300mg AZT und die zwölfstündliche Gabe von 150mg 3TC vorgesehen. Die Einnah-

me von je 2x täglich 300mg AZT und 150mg 3TC sollte postpartal für eine Woche fortgesetzt 

werden. Alle Kinder sollten zur Geburt 2mg/kg NVP und, abhängig von der Dauer der mütter-
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lichen AZT-Einnahme während der Schwangerschaft, postpartal für eine oder vier Wochen AZT 

erhalten. NVP-ED blieb als Mindeststandard dem Ausnahmefall vorbehalten7.  

Eine optimale Adhärenz ist für die Wirksamkeit der antiretroviralen Prophylaxe unerlässlich. Bei 

einer regelmäßigen Medikamenteneinnahme wird die mütterliche Viruslast deutlich gesenkt8, 

und somit der größte Risikofaktor für eine vertikale HIV-Transmission9 minimiert. Darüber hin-

aus birgt eine unzureichende Adhärenz trotz Medikamentenkombination die Gefahr der Entste-

hung resistenter HIV-Varianten, die konsekutiv zu einem Versagen einer sich anschließenden 

ART führen können10. Die Überwachung der Medikamentenadhärenz der Mütter ist wegen der 

möglichen Übertragung von resistenten Virusvarianten auf ihre Kinder besonders wichtig. Bisher 

wurde die Adhärenz zu komplexen PMTCT-Regimen in peripheren und infrastrukturell schwa-

chen Regionen zwar erst wenig untersucht, jedoch lässt die schwache Akzeptanz einfacher Pro-

phylaxeregime wie NVP-ED11 für komplexe Prophylaxeregime in ländlichen afrikanischen Re-

gionen eine suboptimale Adhärenz befürchten. 

Zusätzlich birgt die während der Schwangerschaft vorgesehene mehrwöchige Monoprophylaxe 

mit AZT, vor allem bei suboptimaler Adhärenz, das Risiko einer Selektion für AZT-resistente 

Viren12. Da sowohl NVP als auch 3TC eine niedrige genetische Barriere haben und somit schnell 

Resistenzen hervorrufen, ist auch die Entstehung multiresistenter HIV-Varianten denkbar. Selbst 

zu einem geringen Anteil in der Gesamtpopulation eines Patienten vorliegende, d. h. minoritäre 

resistente Virusvarianten, können einen späteren Therapieerfolg beeinträchtigen13,14. Bislang gibt 

es allerdings keine Resistenzstudien mit Betrachtung minoritärer Virusvarianten für die seit 2006 

empfohlene ARV-Kombinationsprophylaxe.  

Gerade in peripheren und ressourcenschwachen Regionen sind teils weder regelmäßige klinische 

Kontrollen noch adäquate Behandlungsmöglichkeiten möglicher toxischer Medikamenten-

nebenwirkungen gegeben. In diesen Gebieten ist es daher angeraten, das Nebenwirkungsrisiko 

eingesetzter Medikamente besonders gut zu kennen. Das im Rahmen der antiretroviralen Kom-

binationsprophylaxe am längsten verabreichte Medikament, AZT, kann Blutbildveränderungen 

wie Anämie und Granulozytopenie hervorrufen15,16. Um diese potentiellen hämatotoxischen Ne-

benwirkungen adäquat zu überwachen, sind engmaschige Blutbildkontrollen bei Müttern und 

Kindern erforderlich.   

Bisher wurden Studien zu komplexen PMTCT-Regimen in ressourcenschwachen Ländern häufig 

in dortigen Metropolen durchgeführt17. Da jedoch die Mehrheit der tansanischen Bevölkerung in 

ländlicher Umgebung lebt18, ist es wichtig, Adhärenz und weitere Einflussfaktoren auf die Um-

setzbarkeit eines solchen Regimes unter realistischen Bedingungen in einem peripheren Setting 

zu betrachten. 
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4 Zielstellung 

Die Zielsetzung der Studie war eine Evaluation der Umsetzung der tansanischen PMTCT-

Leitlinien von 2008 an einem exemplarischen, ländlich gelegenen Krankenhaus. Mögliche Her-

ausforderungen bezüglich Medikamentenadhärenz, Resistenzbildungen und Nebenwirkungen 

sollten dort unter realen Bedingungen untersucht werden.  

• Ziel der ersten Substudie war es, die Medikamentenadhärenz der betroffenen Frauen zu dem 

komplexen Kombinationsregime zu bestimmen und Einflussfaktoren auf die Adhärenz zu eru-

ieren (Publikation 1). 

• Ziel der zweiten Substudie war es, die Entstehung resistenter HIV-1-Varianten gegen AZT, 

NVP und/oder 3TC inklusiver minoritärer Virusvarianten nach Einnahme der komplexen 

Kombinationsprophylaxe nachzuweisen und zu quantifizieren (Publikation 2). 

• Ziel der dritten Substudie war es, potentiell toxische Auswirkungen der AZT-haltigen Kombi-

nationsprophylaxe auf das Blutbild der HIV-positiven Mütter und ihrer Kinder zu untersuchen 

(Publikation 3). 

Die Studienergebnisse sollen dazu beitragen, die tansanischen PMTCT-Leitlinien optimal an die 

örtlichen Gegebenheiten anzupassen und so die vertikale Transmission von HIV in Tansania 

bestmöglich zu reduzieren.   

5 Methodik 

Setting: Die Beobachtungsstudie wurde im Distrikt-Krankenhaus von Kyela (KDH) durchge-

führt, einer peripher gelegenen Gesundheitseinrichtung der Region Mbeya, Tansania. Sie war 

dort in ein vom Bundesministerium für wirtschaftliche Zusammenarbeit und Entwicklung durch 

die Gesellschaft für Internationale Zusammenarbeit (GIZ) gefördertes PMTCT-Programm ein-

gebettet19. Alle dieser Doktorarbeit zugrunde liegenden Daten stammen von einer Kohorte HIV-

positiver schwangerer Frauen, die sich nach erfolgter Umstellung von NVP-ED auf das komple-

xe ARV-Prophylaxeregime zur Geburtsvorsorge (antenatal care, ANC) oder zur Entbindung im 

KDH zwischen Oktober 2008 und September 2009 vorstellten.  

Routineablauf im KDH: Eine HIV-Beratung und ein freiwilliger HIV-Test fanden im KDH 

routinemäßig zur Erstvorstellung, entweder in der ANC oder auf der Entbindungsstation statt. 

Bei positivem HIV-Status wurde, abhängig von CD4-Zellzahl und klinischem Erscheinungsbild 

gemäß WHO-Definition20, zwischen Therapie- und Prophylaxeindikation unterschieden. Eine 

Therapieindikation bestand laut Leitlinien bei einer CD4-Zellzahl von <200/µl bei klinischen 

HIV-Infektionsstadien 1 und 2, einer CD4-Zellzahl von <350/µl bei klinischem Stadium 3 oder 

bei klinischem Stadium 4, unabhängig von der CD4-Zellzahl. Allen anderen Frauen wurde eine 
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ARV-Kombinationsprophylaxe angeboten, sofern keine schwere Anämie (Hämoglobin (HB) 

<7,5g/dl) oder Granulozytopenie (<0,75/nl) vorlag. Die ARV-Prophylaxe wurde entsprechend 

den tansanischen PMTCT-Leitlinien von 2008 verabreicht, die ein dreiphasiges Prophylaxere-

gime vorsahen: während der Schwangerschaft, unter der Geburt und postpartal7. Die benötigten 

AZT-Dosen wurden in den ersten vier Wochen nach Prophylaxebeginn (ab SSW 28 oder später) 

für jeweils 7 Tage an die Frauen ausgegeben, danach für jeweils 30 Tage. Alle Frauen wurden 

dazu angehalten, im KDH zu entbinden; unter der Geburt wurden dann NVP, AZT und 3TC in-

nerhalb der Entbindungsstation des KDH verabreicht. Die postpartale Prophylaxephase begann 

im Krankenhaus und wurde bei Entlassung zu Hause bis zu vier Wochen fortgesetzt. Für den 

Fall einer Geburt außerhalb des KDH erhielten alle PMTCT Patientinnen ab SSW 28 eine NVP-

Tablette, um diese bei Einsetzen der Geburtswehen selbstständig einzunehmen. In diesem Fall 

sollten sie sich innerhalb von 72 Stunden nach Geburt mit ihrem Kind im KDH vorstellen, um 

die NVP-ED für ihr Kind und die postpartalen Prophylaxemedikamente für sich und das Kind 

abzuholen. Nach der Geburt waren Kontrollbesuche in den Wochen 1-2 und 4-6 vorgesehen.   

Studienprotokoll: Für unsere Studie galten das nicht erreichte Mindestalter von 18 Jahren und 

bekannte psychische Probleme als zusätzliche Ausschlusskriterien zu den von den Leitlinien 

vorgegebenen Kontraindikationen gegen die ARV-Kombinationsprophylaxe (Anämie, Granulo-

zytopenie und ART-Indikation). Nach eingehender Aufklärung über den Studienablauf und 

schriftlicher Einverständniserklärung wurden alle Frauen in unsere Studie aufgenommen, die 

keinerlei Ausschlusskriterien aufwiesen. Jede Teilnehmerin konnte ihr Einverständnis jederzeit 

widerrufen und das Studienprotokoll verlassen.   

Zur Erhebung von soziodemografischen, -ökonomischen und klinischen Parametern wurden 

standardisierte und strukturierte Fragebögen erstellt. Zu jedem ANC-Besuch wurden Adhärenz, 

Gründe für Nicht-Adhärenz, HIV-Statusoffenbarung gegenüber einer Vertrauensperson und zu-

sätzlich eingenommene Medikamente abgefragt. Auf der Entbindungsstation wurde zusätzlich 

ein Fragebogen mit Informationen über Geburtsverlauf, Medikamenteneinnahme und Kindes-

daten von der jeweilig betreuenden Hebamme ausgefüllt.  

Blutabnahmen fanden zu jedem Vorstellungstermin vor der Geburt, einmalig unter der Geburt 

und in den Wochen 1-2, 4-6 und 12-16 nach der Geburt statt. Unter der Geburt wurde Nabel-

schnurblut gewonnen, und falls möglich wurde den Kindern zusätzlich in Woche 4-6 und in Wo-

che 12-16 nach Geburt Blut abgenommen. Aliquots der Plasmaproben wurden bei -20°C 

tiefgefroren und nach Deutschland gesandt.  

Die Studie wurde mit Genehmigung des National Institute for Medical Research Tanzania, des 

Mbeya Ethical Research Committees und der Ethikkommission der Charité-Universitätsmedizin 

Berlin durchgeführt. Die Daten wurden anonymisiert und streng vertraulich behandelt. 
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5.1 Substudie 1: Adhärenz zur MTCT-Kombinationsprophylaxe in Tansania 

Subkohorte 1: Die Medikamentenadhärenz wurde für alle Frauen (und deren Kinder) bestimmt, 

die über die ANC in die Studie aufgenommen wurden, unabhängig von ihrem Entbindungsort. 

Studienteilnehmerinnen, die nicht im KDH entbunden hatten und sich nicht innerhalb von 72 

Stunden nach Geburt dort vorstellten, galten als lost to follow-up.   

Adhärenzdefinition: Während der Schwangerschaft wurde die Medikamentenadhärenz als Me-

dication-Possession-Ratio definiert, das heißt als Verhältnis zwischen den im Krankenhaus aus-

gegebenen AZT-Dosen und den zwischen Prophylaxebeginn und Geburt theoretisch benötigten 

Dosen. 100% Adhärenz entsprach daher einer termingerechten Abholung aller vorgesehenen 

Medikamentendosen. Die Bestimmung der Medikamentenadhärenz für Mütter und Kinder unter 

der Geburt und postpartal basierte auf den von den Hebammen notierten Ausgaben der jeweili-

gen Medikamentendosen. Unter der Geburt wurde sie für NVP als Anteil aller korrekt ausgege-

benen Dosen und für AZT und 3TC als Anteil der leitliniengemäß abgedeckten Stunden defi-

niert. Postpartal setzte sie sich für den Zeitraum des stationären Aufenthaltes aus den korrekt 

abgedeckten Stunden und den korrekt ausgegebenen Dosen zur Mitnahme nach Hause im Ver-

hältnis zu den vorgesehenen Dosen zusammen.  

Statistik: Für die statistische Auswertung wurde das Programm PASW 18 genutzt. Für die ba-

sisdemografischen Daten wurden Mediane berechnet und der gesamte Wertebereich angegeben. 

Die Unabhängigkeit kategorischer Daten wurde mit χ2 und exaktem Fischer-Test überprüft. Ein-

flüsse soziodemografischer Variablen auf den Beginn der Prophylaxeintervention wurden mit 

univariaten Odds Ratios untersucht; signifikante Faktoren (p<0,05) wurden in ein logistisches 

Regressionsmodell zur Berechnung adjustierter Odds integriert. Adhärenzwerte wurden für alle 

Phasen der medikamentösen Prophylaxe ermittelt und 80% bzw. 95% Adhärenz als kritische 

Grenzwerte festgelegt. Der Einfluss soziodemografischer Variablen auf die Adhärenzwerte wur-

de mit Hilfe des Mann-Whitney-U-Tests überprüft.  

5.2 Substudie 2: Auftreten von medikamentenresistenten HIV-Varianten nach 

Einnahme einer komplexen antiretroviralen MTCT-Prophylaxe in Tansania 

Subkohorte 2: In der Resistenzanalyse wurden die Frauen betrachtet, die für mindestens 2 Wo-

chen AZT bekommen und NVP zu Beginn der Geburtswehen eingenommen hatten. Darüber 

hinaus sollten Plasmaproben von der Geburt und mindestens zwei unterschiedlichen postpartalen 

Kontrollterminen vorhanden sein. Die Kinder dieser Frauen wurden in die Analyse einbezogen, 

falls in Woche 4-6 (oder früher) eine HIV-Infektion nachgewiesen werden konnte.  
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Labormethoden: Alle betrachteten Mutationen liegen in dem Abschnitt des pol Gens, der die 

Reverse Transkriptase (RT) kodiert, und können per Allel-spezifischer Polymerase-Kettenreak-

tion (ASPCR) ab einer Häufigkeit von <1% nachgewiesen werden. Die jeweiligen Proben wur-

den auf drei wichtige AZT-selektierte Mutationen (K70R, T215Y, und T215F), zwei der häu-

figsten Mutationen bei NVP (K103N und Y181C) und die häufigste 3TC-selektierte Mutation 

M184V untersucht21. Für jede Plasmaprobe wurde eine äußere Polymerase-Kettenreaktion 

(PCR) in Echtzeit durchgeführt, um die Viruslast zu bestimmen und das benötigte RT-Fragment 

zu amplifizieren. Auf diesem Fragment konnten in jeweils einem weiteren ASPCR-Essay ggf. 

Resistenzmutationen nachgewiesen werden. Zur Bestimmung des HIV-Status der Kinder wurde 

eine RT-PCR mit Plasma aus Woche 4-6 durchgeführt.   

Statistik: Die Statistische Auswertung wurde mit PASW 18 durchgeführt. Zur deskriptiven Ana-

lyse wurden Mediane berechnet und der jeweilige Interquartilsabstand (IQR) angegeben. Signi-

fikante Unterschiede zwischen unabhängigen Proben wurden mit Hilfe des Mann-Whitney-U-

Tests bestimmt, wohingegen Wiederholungsmessungen mit dem Wilcoxon-Vorzeichen-Rang-

Test analysiert wurden. Die Unabhängigkeit kategorischer Daten wurde mit χ2 und exaktem Fi-

scher-Test überprüft. Zum Nachweis signifikanter Korrelationen zwischen kontinuierlichen Va-

riablen (p<0,05) wurde Pearsons Korrelationskoeffizient genutzt.  

5.3 Substudie 3: Hämatologische Veränderungen bei Frauen und Kindern, die 

einem AZT-haltigen Regime zur PMTCT in Tansania ausgesetzt waren  

Subkohorte 3: Zur Hämatotoxizitätsanalyse wurden die Frauen, die in der ANC in die Studie 

aufgenommen worden waren und für mindestens eine Woche AZT eingenommen hatten, Gruppe 

1 zugeordnet, und die auf der Entbindungsstation aufgenommenen Frauen Gruppe 2. Die Kinder 

der Gruppe-1- und Gruppe-2-Frauen wurden in die Analyse mit einbezogen, wenn sie entspre-

chend der Leitlinien AZT für eine Woche (Gruppe-1-Kinder) oder für vier Wochen (Gruppe-2-

Kinder) erhalten hatten. HIV-positiv getestete Kinder wurden aus der Analyse ausgeschlossen, 

da HIV selbst Blutbildveränderungen hervorrufen kann.   

Labormethoden: Von jeder im KDH gewonnenen Blutprobe wurde vor Ort ein großes Blutbild 

angefertigt. Die Bestimmung des HIV-Status der Kinder zur Geburt und in Woche 4-6 fand per 

RT-PCR statt.    

Statistik: Die statistische Auswertung wurde mit Stata Version 11 durchgeführt. Die basisdemo-

grafischen Angaben wurden als Mediane mit gesamtem Wertebereich dargestellt und für beide 

Gruppen per T-Test, Mann-Whitney-U-Test oder exaktem Fischer-Test verglichen. Mit Hilfe des 

Mann-Whitney-U-Tests und des T-Tests wurden signifikante Unterschiede zwischen hämatolo-

gischen Werten zwischen den Gruppen zur Geburt, Monat 1 und Monat 3 getestet. Als Signifi-
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kanzniveau wurde p=0.05 festgelegt. Die Infektionsraten der Kinder in Woche 6 wurden nach 

Kaplan-Meier geschätzt. Als Definition hämatotoxischer Blutbildveränderungen galten alters-

adjustierte Hämoglobinwerte von ≤10g/dl als leichte bzw. ≤7,4g/dl als schwere Anämie und Gra-

nulozytenzahlen von ≤5/nl als leichte bzw. ≤3/nl als schwere Granulozytopenie.  

6  Ergebnisse  

Von 1935 in ANC bezüglich einer HIV-Infektion getesteten Frauen bestätigte sich für 202 

(14,5%) ein positives Testergebnis. Auf 184 Frauen trafen alle Einschlusskriterien zu. 122 Frau-

en wurden in ANC in die Studienkohorte aufgenommen, von denen 87 Frauen (71,3%) mit einer 

AZT-Prophylaxe begannen. 62 Frauen wurden auf der Entbindungsstation HIV-positiv getestet 

und willigten dort in die Studienteilnahme ein.  

6.1 Substudie 1: Adhärenz zur MTCT-Kombinationsprophylaxe in Tansania  

Kohorte: Die 122 Kohortenteilnehmerinnen wiesen zum Zeitpunkt der Aufnahme in die Studie 

im Median folgende Charakteristika auf: Alter 26 Jahre (Wertebereich 18-37), Gestationsalter 23 

SSW (9-36), Schulzeit 7 Jahre (0-12), Fahrtzeit zum Krankenhaus 30 Minuten (0-120), Trans-

portkosten 0 Tansanische Schilling (0-2000), CD4-Zellzahl 391/µl (200-883). 7 Frauen (5,7%) 

wurden gemeinsam mit ihrem Partner zur HIV-Infektion beraten und HIV-getestet.   

Gesamtadhärenz: Ursprünglich hatten sich 122 Frauen bereit erklärt, die antiretrovirale Kom-

binationsprophylaxe leitliniengetreu einzunehmen. Von diesen erlitt eine Frau eine Fehlgeburt; 

ein Kind starb kurz nach der Geburt. Von den verbleibenden 120 Mutter-Kind-Paaren erreichten 

10 Paare (8,3%) mindestens 80% Adhärenz; nur ein Mutter-Kind-Paar erreichte 95% Adhärenz 

für die gesamte PMTCT-Intervention.  

AZT-Adhärenz während der Schwangerschaft: Von den 122 Frauen begannen 35 (28,7%) 

trotz vorheriger Einwilligung keine AZT-Prophylaxe während der Schwangerschaft. In der uni-

variaten und multivariaten Regressionsanalyse zeigten sich ein Alter der Mutter von <23 Jahren 

(p<0,001; p=0,002), das Fehlen von eigenem Einkommen (p=0,006; p=0,015) und ein Gestation-

salter von <24½ Wochen bei Erstvorstellung in der ANC (p<0,001; p=0,001) als signifikante 

Einflussfaktoren darauf, dass mit der vorgeburtlichen AZT-Prophylaxe nicht begonnen wurde. 

11 dieser 35 Frauen entbanden trotzdem im KDH.  

Von den 87 Frauen, die mindestens einmal AZT im KDH abgeholt hatten, hatte eine Frau eine 

Fehlgeburt und wurde aus der weiteren Analyse ausgeschlossen. Die übrigen 86 Frauen erreich-

ten im Median eine vorgeburtliche AZT-Adhärenz von 77%. 56 Frauen (65,1%) erreichten ein 

Adhärenzniveau von mindestens 80% und 43 Frauen (50,0%) ein Adhärenzniveau von mindes-

tens 95% (vgl. Abbildung 1). 33 Frauen (38,4%) waren in dieser Phase 100% adhärent, d.h. hol-
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ten alle vor der Geburt vorgesehenen AZT-Dosen im KDH ab. Von den 86 Frauen offenbarten 6 

(7%) ihren HIV-Status nicht. Die Status-Geheimhaltung war als einziger Parameter mit einem 

Adhärenzmedian von 22,7% signifikant mit einer schlechteren Adhärenz assoziiert als eine Sta-

tusoffenbarung (Median 97,3%; p=0,004).   

53 der 86 Frauen (61,6%) holten mindestens eine Medikamentendosis verspätet oder gar nicht 

ab. Von diesen 53 Frauen gaben 19 Frauen insgesamt 24 Gründe für die versäumte Medikamen-

tenabholung an. Am häufigsten wurden persönliche Gründe genannt (14x), unter anderem fami-

liäre Verpflichtungen, vergessene Termine und Transportschwierigkeiten. 10 der genannten 

Gründe waren gesundheitspersonalbedingt und beinhalteten beispielsweise falsche Terminanga-

ben und die Verweigerung der Medikamentenabgabe durch das Personal. 

 

Abbildung 1: Prozentuale Darstellung von Müttern und Kindern, die während der unterschiedli-

chen Prophylaxephasen Adhärenzniveaus von ≥95% und ≥80% erreichten oder die vorgesehe-

nen Medikamentendosen erhielten bzw. einnahmen.  

Adhärenzniveaus unter der Geburt und postpartal: Für 74 Frauen der 122 Kohortenteil-

nehmerinnen konnte die Adhärenz unter und nach der Geburt bestimmt werden. 64 Frauen 

(86,5%) entbanden im KDH, während 10 (13,5%) innerhalb von 72 Stunden nach einer Hausge-

burt zur Abholung der Prophylaxemedikamente in das KDH kamen. Die Vorstellung im KDH 

bis spätestens 72 Stunden nach der Geburt war signifikant mit der Einnahme der AZT-

Prophylaxe während der Schwangerschaft assoziiert (p<0,001). Unter der Geburt im KDH erziel-

ten 42,2% der Mütter ein 95%iges Adhärenzniveau. Nach der Geburt erreichten 37,5% der vor-

stelligen Mütter und 19% der Kinder ≥95% Adhärenz. 78,4% der Frauen erhielten laut Auf-
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zeichnung durch das Gesundheitspersonal die korrekte Anzahl AZT-Dosen zur Mitnahme nach 

Hause. Von ihren Kindern wurden 93,2% postpartal mit NVP und 80,8% mit der korrekten AZT-

Menge für zu Hause versorgt. Die erreichten Adhärenzniveaus von Müttern und Kindern sind in 

Abbildung 1 für alle Phasen der antiretroviralen Kombinationsprophylaxe dargestellt. 

6.2 Substudie 2: Auftreten von medikamentenresistenten HIV-Varianten nach 

Einnahme einer komplexen antiretroviralen MTCT-Prophylaxe in Tansania 

Kohorte: In der Resistenzanalyse wurden Blutproben von 50 Frauen und ihren insgesamt 7 

HIV-positiven Kindern untersucht. Die Frauen wiesen zur Aufnahme in die Studie im Median 

eine HI-Viruslast von 1,25·104 Kopien/ml (IQR 4,4·103-4,5·104) und eine CD4-Zellzahl von 

390/µl (IQR 260-492) auf. In keiner der Ausgangsproben waren Resistenzmutationen der RT 

nachweisbar. Die mediane vorgeburtliche AZT-Einnahmedauer betrug 53 Tage (IQR 39-74). 

Resistenzen der Mütter: Insgesamt konnte in den Plasmaproben von 20 der 50 untersuchten 

Frauen Virusvarianten mit RT-Resistenzmutationen nachgewiesen werden. Die Verteilung der 

Resistenzkombinationen ist in Abbildung 2 dargestellt. Mutationen, die zu einer verminderten 

Wirksamkeit von AZT führen, wurde im HIV-Genom bei insgesamt 11 infizierten Frauen gefun-

den (22%), davon wiesen die resistenten Virusvarianten in 7 Fällen eine alleinige K70R Mutati-

on und in 4 Fällen zusätzlich eine T215Y/F Mutation auf. Virusvarianten, die bei 9 Frauen (18%) 

gefunden wurden, zeigten Resistenzen gegen NVP (K103 und/oder Y181C). Bei 4 Frauen (8%) 

wurden 3TC-resistente Virusvarianten (M184V) nachgewiesen, in 3 Fällen in Kombination mit 

Resistenzen gegen weitere antiretrovirale Medikamente. 5 Frauen wiesen bereits zur Geburt 

AZT-resistente HIV-Varianten auf. Dabei waren signifikant häufiger Frauen betroffen, die wäh-

rend der Schwangerschaft für 10 Wochen oder länger AZT eingenommen hatten (3/10=33%), als 

Frauen, die AZT für weniger als 10 Wochen bekommen hatten (2/40=5%; p=0,048). Bei 14 der 

20 mit resistenten HI-Viren infizierten Frauen (70%), wurden ausschließlich minoritäre resisten-

te Virusvarianten mit einer Häufigkeit <5% der HIV-Gesamtpopulation nachgewiesen.  

Resistenzen der Kinder: In Woche 4-6 waren 7 von 49 Kindern HIV-infiziert, was einer Trans-

missionsrate von 14,3% entspricht. Bei 3 der 7 Kinder wurden resistente Virusvarianten gefun-

den. In allen 3 Fällen wiesen die HI-Viren Resistenzen gegen NVP auf, die bei den jeweiligen 

Müttern nicht nachgewiesen werden konnten. Eines dieser Kinder hatte postpartal weder NVP 

noch AZT bekommen. Ein anderes Kind, das die postpartalen Prophylaxemedikamente leitli-

niengerecht erhalten hatte, wurden zusätzlich AZT-resistente HI-Viren nachgewiesen, die auch 

bei der Mutter gefunden worden waren.  
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Abbildung 2: Verteilung der ARV-resistenten HIV-Varianten bei 50 Tansanischen Schwange-

ren nach Einnahme der antiretroviralen Kombinationsprophylaxe.  

6.3 Substudie 3: Hämatologische Veränderungen bei Frauen und Kindern, die 

einem AZT-haltigen Regime zur PMTCT in Tansania ausgesetzt waren  

Kohorte: 82 Frauen hatten für mindestens 1 Woche AZT genommen (Gruppe 1). Im Median 

betrugen das Gestationsalter bei Beginn der Prophylaxebeginn 29,1 SSW (Wertebereich 28,0-

32,2) und die mediane CD4-Zellzahl 390/µl (267-515). 62 Frauen hatten während der Schwan-

gerschaft kein AZT eingenommen (Gruppe 2). Im Median wiesen diese Frauen eine CD4-

Zellzahl von 262/µl (194-474) auf. In den soziodemografischen Charakteristika wie Alter, Grö-

ße, Gewicht, Bildungsstatus, Familienstand, Entfernung vom Krankenhaus oder Anzahl der Kin-

der unterschieden sich die Gruppen nicht signifikant.    

Zur Geburt wurden 41 Gruppe-1-Kinder untersucht, deren Mütter AZT während der Schwanger-

schaft für eine mediane Dauer von 57 Tagen (43-71) eingenommen hatten. Diese Kinder wiesen  

die mediane CD4-Zellzahl von 350/µl (252-490) auf. Die Blutwerte von 37 der Kinder konnten 

nach Woche 4-6 und von 16 Kindern nach Woche 12-16 analysiert werden. Die Gruppe-2-

Kinder wiesen im Median eine CD4-Zellzahl von 262/µl (194-474) auf. Von ihnen wurden 58 

zur Geburt, 23 in Woche 4-6 und 12 in Woche 12-14 in die Analyse eingeschlossen. Die Grup-

pen wiesen in den Basis-Parametern wie Geschlecht, Gewicht und Apgarwerten keine signifi-

kanten Unterschiede auf.  

Hämatologische Veränderungen bei den Müttern: Zur Geburt wurde bei Gruppe-1-Müttern 

eine signifikant niedrigere Erythrozytenzahl (RBC) (3,66/µl vs. 4,04/µl; p<0,05) bei höherem 

mittleren Erythrozytenvolumen (MCV) (87fl vs. 79fl; p<0,001) nachgewiesen. Gleichzeitig hat-

ten sie signifikant mehr Thrombozyten (367.000/µl vs. 273.500/µl; p<0,05) als die Gruppe-2-
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Mütter. In Wochen 4-6 und 12-14 nach Geburt konnten keine hämatologischen Unterschiede 

mehr festgestellt werden.  

Hämatologische Veränderungen bei den Kindern: Zur Geburt zeigten die Gruppe-1-Kinder 

signifikant niedrigere mediane Werte von HB (13,3g/dl vs. 15,2g/dl; p<0,001), RBC (3,7/µl vs. 

4,5/µl; p<0,001) und Granulozyten (5,0/nl vs. 7,3/nl; p=0,042) als die Gruppe-2-Kinder. Zudem 

wiesen die Gruppe-1-Kinder signifikant höhere MCV-Werte (106fl vs. 100fl; p=0,001) und 

Erythrozytenverteilungsbreite (RDW) (17,1 vs. 16,2; p=0,008) auf. Nach einem Monat (IQR 31-

36 Tage) waren keine signifikanten Unterschiede der HB-, RBC-, und RDW-Werte und nach 

drei Monaten (IQR 91-93 Tage) waren keine signifikanten Unterschiede der Granulozytenzahlen 

und der MCV-Werte mehr feststellbar. Insgesamt wurde zur Geburt bei 26% der Kinder, nach ei-

nem Monat bei 29% und nach drei Monaten bei 58% der Kinder eine Anämie festgestellt. Bei 

insgesamt 37% der Kinder wurde zur Geburt eine Granulozytopenie nachgewiesen. Nach einem 

Monat zeigten noch 19% eine Granulozytopenie. Wie in Tabelle 1 aufgeführt, waren beim Ver-

gleich der Kindergruppen zur Geburt signifikant mehr Kinder der Gruppe 1 von leichter Anämie 

und leichter Granulozytopenie betroffen. Nach einem Monat wiesen dagegen signifikant mehr 

Kinder der Gruppe 2 eine leichte Granulozytopenie auf. Zwei Kinder der Gruppe 1 hatten zum 

Zeitpunkt der Geburt schwere Anämien, die bei einem Kind bis Monat 1 persistierte, während in 

Gruppe 2 kein Fall von schwerer Anämie auftrat. Insgesamt zeigten zehn Kinder zur Geburt eine 

schwere Granulozytopenie, die bei vier Kindern bis Monat 1 andauerten. In Monat 3 waren in 

beiden Gruppen keine schweren Fälle von Anämie oder Granulozytopenie mehr nachweisbar.  

Tabelle 1: Häufigkeit von Anämie und Granulozytopenie bei Kindern der Gruppen 1 und 2. 

Geburt (n=78)   Monat 1 (n=51)    Monat 3 (n=24) 
Anämie 

Gruppe 1 Gruppe 2 p 
 

   Gruppe 1 Gruppe 2 p
 

    Gruppe 1 Gruppe 2 P
 

Grad ≥1 15 (46.9%) 5 (10.9%) 0.001      11 (35.5%) 4 (20.0%) 0.35     6 (46.2%) 8 (72.7%) 0.24 

Grad ≥3 2 (06.3%) 0 (00.0%) 0.17            1 (03.2%) 0 (00.0%) 1     0 (00.0%) 0 (00.0%) 1 

Geburt (n=79)    Monat 1 (n=53)    Monat 3 (n=25) Granulo-
zytopenie Gruppe 1 Gruppe 2 p

 
    Gruppe 1 Gruppe 2 p

 
    Gruppe 1 Gruppe 2 P 

Grad ≥1 17 (51.5%) 12 (26.1%) 0.033     3 (09.4%) 7 (33.3%) 0.039     1 (07.7%) 2 (16.7%) 0.59 

Grad ≥3 6 (18.2%) 4 (08.7%) 0.31     2 (06.3%) 2 (09.5%) 1     0 (00.0%) 0 (00.0%) 1 

HIV-Transmissionsraten: Zur Bestimmung der in-utero-Transmissionsrate wurde Nabel-

schnurplasma von 88 Kindern per PCR untersucht. Die Transmissionsrate zur Geburt betrug für 

Gruppe-1-Kinder 2,4% (Konfidenzintervall (CI) 0,35%-16,0%) und für Gruppe-2-Kinder 8,5% 

(CI 3,3%-21,1%). Von 63 Kindern wurden Plasmaproben in Woche 6 nach der Geburt unter-

sucht und die Transmissionsrate nach Kaplan-Meier geschätzt. Sie ergab 7,7% für Gruppe 1 

(CI 2,5%-22,1%) und 12,5% für Gruppe 2 (CI 5,2%-28,5%). 
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7 Diskussion  

In der vorgestellten Beobachtungsstudie wurde die Umsetzung eines komplexen MTCT-

Prophylaxeregimes im ländlichen Tansania evaluiert. Dafür wurden in drei Substudien Medika-

mentenadhärenz, Resistenzbildungen und hämatotoxische Nebenwirkungen der eingesetzten 

antiretroviralen Medikamente untersucht.    

Die Medikamentenadhärenz war insgesamt besorgniserregend, da nur eine von 120 Müttern mit 

ihrem Kind ein 95%iges Adhärenzniveau für alle Phasen der Prophylaxeintervention erreichte. 

Dies ist insbesondere bedenklich, da eine regelmäßige Medikamenteneinnahme eine wichtige 

Voraussetzung für die viruslastsenkende Wirkung der antiretroviralen Medikamente und die da-

mit verbundene Transmissionsreduktion darstellt.   

Fast 30% der Frauen, die sich für eine antiretrovirale Kombinationsprophylaxe entschieden hat-

ten, holten während der Schwangerschaft keine Medikamente im KDH ab. Relativ junges Alter 

der Mutter und das Fehlen einer einkommensgenerierenden Tätigkeit waren bereits zuvor als 

Risikofaktoren dafür erkannt worden, nicht mit einer therapeutischen oder prophylaktischen 

Maßnahme gegen eine HIV-Infektion zu beginnen11,22. Darüber hinaus wurde in unserer Studie 

aufgezeigt, dass auch eine frühe Vorstellung in ANC den Beginn der medikamentösen Prophyla-

xe während der Schwangerschaft negativ beeinflusst. Eine plausible Erklärung bietet der lange 

Zeitraum zwischen Aufklärung über die Notwendigkeit der medikamentösen Prophylaxe und 

tatsächlicher erster Tabletteneinnahme in SSW 28. Um diese zeitliche Lücke zu verkürzen und 

den PMTCT-Ablauf insgesamt zu vereinfachen, empfiehlt die WHO seit 2010 einen AZT-Pro-

phylaxebeginn bereits ab SSW 14 (Option A)23. Mit dem Ziel, die Fälle von Prophylaxeableh-

nung während der Schwangerschaft zu reduzieren, wurde diese Änderung auch in die aktuellen 

Tansanischen Leitlinien übernommen24.   

Nur die Hälfte der Frauen, die mit der Einnahme der AZT-Prophylaxe begonnen hatten, erreichte 

in der vorgeburtlichen Phase ein Adhärenzniveau von mindestens 95%. Adhärenzstudien zu all-

gemeinen antiretroviralen Therapieprogrammen lassen zwar vermuten, dass theoretisch höhere 

Adhärenzlevel erreichbar sind25. Allerdings sind allgemeine Therapieprogramme nur bedingt mit 

Interventionen vergleichbar, die ausschließlich schwangere Frauen betreffen. Insofern wären 

weitere Untersuchungen zur Adhärenz bei komplexen PMTCT-Regimen hilfreich, um die Er-

gebnisse dieser Studie besser einordnen zu können.   

Die Angabe der HIV-Statusoffenbarung gegenüber einer Vertrauensperson wurde als einziger 

signifikanter Einflussfaktor auf die vorgeburtliche Medikamentenadhärenz identifiziert. Es wird 

angenommen, dass die Statusoffenbarung emotionalen Stress der Schwangeren reduziert und zu 

psychologischer und materieller Unterstützung durch das soziale Umfeld beiträgt26. Insbesondere 

in ländlichen Gegenden dürfte dies eine große Rolle für eine regelmäßige Abholung und Ein-
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nahme der Medikamente spielen. Über 90% der Studienteilnehmerinnen, die mindestens einmal 

ins KDH zurückgekehrt waren, gaben an, ihren HIV-Status einer Vertrauensperson mitgeteilt zu 

haben. Aufgrund der großen Anzahl von lost to follow-up-Fällen, die zur Statusoffenbarung nicht 

befragt werden konnten, ist jedoch anzunehmen, dass die wahre Rate der Statusoffenbarungen 

deutlich darunter liegt. Gleichzeitig nahmen nur wenige der Studienteilnehmerinnen die im KDH 

angebotene Möglichkeit einer gemeinsamen HIV-Beratung und -Testung mit dem Partner in 

Anspruch. Insgesamt gibt der Zusammenhang zwischen Statusoffenbarung und besserer Medi-

kamentenadhärenz Anlass zur Vermutung, dass eine stärkere Einbindung der Partner oder ande-

rer Vertrauenspersonen z.B. in Form von sogenannter treatment buddies27 möglicherweise auch 

zu einer Reduktion der hohen Anzahl an frühen lost to follow-up-Fällen geführt hätte.    

Gründe für verpasste Medikamentenabholungen während der Schwangerschaft waren meist per-

sönlicher Art. Zusätzlich bildeten jedoch auch Fehler des Gesundheitspersonals eine relevante 

Barriere zur regelmäßigen vorgeburtlichen Medikamenteneinnahme. In der intra- und postparta-

len Phase der Medikamenteneinnahme wurde die Verantwortung des Personals für die Adhärenz 

besonders deutlich: Weniger als die Hälfte der aufgenommenen Mütter und nur ein Fünftel ihrer 

Kinder erreichten 95% Adhärenz während des stationären Entbindungsaufenthaltes. Außerdem 

erhielten nur etwa 80% der Mütter und ihrer Kinder die richtige Dosierung der ambulant einzu-

nehmenden Medikamente. Die fehlerhafte Verabreichung der Medikamente ist zumindest zu 

einem gewissen Teil der hohen Arbeitsbelastung des Gesundheitspersonals geschuldet. Hinzu 

kommt oft mangelndes PMTCT-Wissen des Personals, da zum Zeitpunkt der Datenerhebung 

häufige Personalrotationen zwischen den verschiedenen Stationen im KDH üblich waren. Diese 

erschweren ein intensives Training von speziellen PMTCT-Kräften28. Daher wäre eine deutliche 

Vereinfachung der PMTCT-Leitlinien wünschenswert. Unter anderem aus diesem Grund favori-

siert die WHO seit 2012 den Beginn einer lebenslangen ART für alle Schwangeren Frauen29, die 

auch in Tansania in Erwägung gezogen werden sollte. Die Reduktion krankenhausinterner Rota-

tionssysteme und eine sorgfältige PMTCT-Schulung des gesamten Gesundheitspersonals könn-

ten zusätzlich dazu beitragen, dass sowohl stationär als auch ambulant höhere Adhärenzniveaus 

erreicht werden und dadurch die Voraussetzung für die erwünschte Transmissionsreduktion si-

chergestellt wird. 

Plasmaproben von 50 Studienteilnehmerinnen wurden in der Resistenzanalyse untersucht, da die 

Frauen sich den Einschlusskriterien für Substudie 2 entsprechend an mindestens fünf Terminen 

im KDH vorgestellt hatten. Bei 40% dieser Frauen wurden minoritäre HIV-Varianten gefunden, 

die Resistenzen gegen ein oder mehrere ARVs aufwiesen. Dies ist eine bedenklich hohe Resis-

tenzrate, da die häufigen Krankenhausbesuche eine relativ gute Adhärenz von Seiten der 

Schwangeren annehmen lässt. In Fällen, in denen die Frauen sich weniger regelmäßigen im 
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KDH vorstellten und daher in dieser Studie nicht berücksichtigt werden konnten, sind noch hö-

here Resistenzraten zu befürchten. Bei 22% der Frauen konnten AZT-resistente HI-Viren nach-

gewiesen werden, die jedoch zum größten Teil als minoritäre Virusvarianten vorlagen. In 8% der 

Fälle war die K70R-Mutation als frühe Mutation bereits zur Geburt nachweisbar, während 

T215Y und T215F als späte Mutationen erst im Verlauf auftraten. Die K70R-Mutation ist tran-

sient, T215Y und T215F können dagegen bis mehrere Monate nach Absetzen von AZT persistie-

ren30. Dies ist besonders relevant, wenn in diesem Zeitraum eine erneute AZT-haltige Prophyla-

xe oder Therapie begonnen wird. Gerade in Subsahara-Afrika, wo Frauen meist mehrere Kinder 

in relativ kurzen zeitlichen Abständen gebären, können früher entstandene AZT-Resistenzen bei 

wiederholtem Einsatz von AZT in einer folgenden Schwangerschaft erneut selektiert werden. 

Auf diese Weise ist eine Anhäufung von AZT-resistenten Viren möglich, die die Wirksamkeit 

von AZT einschränken. Da eine hohe Viruslast und eine niedrige CD4-Zellzahl mit dem Auftre-

ten von AZT-Resistenzen assoziiert sind31, ist es sinnvoll, bereits bei einer CD4-Zellzahl von 

<350/µl mit einer ART zu beginnen, wie es auch in den WHO-Leitlinien von 2010 favorisiert 

und in Tansania bereits umgesetzt wird23,24. Die von der WHO empfohlenen Möglichkeiten, be-

reits während der Schwangerschaft mit einer Dreifachmedikamentenkombination (Option B) 

oder, wie seit 2012 angedacht, einer lebenslangen ART für alle HIV-postitiven Schwangeren zu 

beginnen (Option B+)29, werden in Tansania hingegen noch nicht genutzt. Allerdings wurden 

AZT-selektierte HI-Varianten zum Zeitpunkt der Geburt signifikant häufiger bei Frauen nach-

gewiesen, die während der Schwangerschaft für mehr als 10 Wochen AZT eingenommen hatten. 

Auch andere Studien konnten die Einnahmedauer einer AZT-Monotherapie mit einer vermehrten 

Entstehung von Resistenzen in Verbindung bringen31. Es erscheint daher äußerst sinnvoll, auch 

in Tansania, wo aktuell bereits in SSW 14 mit einer Medikamenteneinnahme begonnen wird, 

einem vermehrten Auftreten von Resistenzen durch eine antiretrovirale Kombinationsprophylaxe 

oder -therapie vorzubeugen.  

NVP und andere NNRTIs stellen gerade in ressourcenschwachen Regionen eine der wichtigsten 

Säulen der ART dar. Daher geben NVP-selektierte Resistenzmutationen, die zusätzlich Kreuzre-

sistenzen gegen andere NNRTIs hervorrufen können, grundsätzlich Anlass zu Sorge. In unserer 

Studie wurden NVP-resistente HIV-Varianten bei 18% der Frauen gefunden, eine drastische 

Reduktion im Vergleich zu einer Resistenzrate von 87% nach NVP-ED4.   

Die 3TC-Resistenz M184 konnte bei HI-Viren in nur 8% der Fälle und in äußerst geringen Pro-

portionen von <1% nachgewiesen werden. Die klinische und virologische Relevanz solch gerin-

ger Proportionen der M184V-Mutation, die nach Absetzen von 3TC nur kurzzeitig erhalten 

bleibt, ist derzeit unklar.   

Bei drei der 50 Frauen wurden Virusvarianten mit Resistenzen gegen mehr als ein ARV gefun-

den. Der Hauptrisikofaktor für die ARV-Resistenzentwicklung ist eine suboptimale Adhärenz. 
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Die am stärksten von resistenten HI-Viren betroffene Frau hatte die postpartale AZT/3TC-

Prophylaxe nicht eingenommen, was höchstwahrscheinlich die Entstehung der Multiresistenz 

deutlich begünstigt hat. An diesem Beispiel werden mögliche negative Konsequenzen des kom-

plexen Prophylaxeregimes besonders deutlich.   

Auch bei drei der sieben HIV-infizierten Kinder wurden medikamentenresistente Virusvarianten 

gefunden. Bei zwei von drei Kindern, die NVP-selektierte HI-Virusvarianten aufwiesen, traten 

die RT-Mutationen erstmals nach Infektion der Kinder auf: Im mütterlichen Blut konnten keine 

entsprechenden resistenten HI-Viren nachgewiesen werden. Bei einem Kind, welches nach der 

Geburt selber kein NVP erhalten hatte, wurden in Woche 4-6 NVP-resistente Virusvarianten in 

hohen Proportionen nachgewiesen. Dies ist möglich, da das von der Mutter zur Geburt einge-

nommene NVP über die Plazenta rasch in den kindlichen Blutkreislauf gelangt und dort hohe 

Konzentrationen erreicht32, die für eine Resistenzbildung ausreichend sind.   

Die in der Hämatotoxizitätsanalyse festgestellten signifikanten Blutbildveränderungen der AZT-

exponierten Gruppe-1-Mütter zur Geburt waren bereits nach wenigen Wochen nicht mehr nach-

weisbar. Die zur Geburt im Vergleich zu Gruppe 2 signifikanten Blutbildveränderungen der 

Gruppe-1-Kinder, wie niedrigere Granulozytenzahlen und niedrigere HB-Werte stehen im Ein-

klang mit früheren Studienergebnissen, in denen bereits Anämie15 und Granulozytopenie16 bei 

in-utero AZT-exponierten Kindern beschrieben wurden. Auch dass die HB-Unterschiede der 

Gruppen nach einem Monat nicht mehr signifikant waren, deckt sich mit diesen Ergebnissen15. 

Das Phänomen ist sehr wahrscheinlich auf die 4-wöchige postpartale AZT-Einnahmedauer der 

Gruppe-2-Kinder und die daraus resultierende anhaltende HB-Abnahme zurückzuführen. Grup-

pe-1-Kinder bekamen entsprechend der Leitlinien postpartal für nur eine Woche AZT. Ihre 

Blutwerte konnten sich dementsprechend schneller wieder erholen. Auch das nach einem Monat 

signifikant häufigere Auftreten von Granulozytopenie bei Kindern der Gruppe 2 lässt sich mit 

der längeren Einnahmedauer von AZT erklären. Mit dem Alter von einem Monat hatten 9% der 

Gruppe-2-Kinder eine schwere Granulozytopenie (≥Grad 3) entwickelt, die höchstwahrschein-

lich auf die in-utero und postpartale AZT-Exposition zurückzuführen ist.   

Die Kontrolle der Blutbilder fand hauptsächlich im Rahmen der Studie statt und wird routinemä-

ßig im KDH wegen der finanziellen und logistischen Anforderungen nur selten durchgeführt. 

Allerdings stellen fehlende Laborkontrollen in Fällen schwerer hämatotoxischer Nebenwirkun-

gen für die Betroffenen eine große Gefahr dar. Eine mangelhafte Überwachung toxischer Medi-

kamentennebenwirkungen sollte daher bei der Umsetzung komplexer PMTCT-Regime in Ge-

genden mit limitierten Ressourcen nicht unberücksichtigt bleiben. Vielmehr wäre die Einführung 

einer routinemäßigen Überwachung der Nebenwirkungen für alle medikamentösen PMTCT-

Interventionen erstrebenswert, um eine ausreichende Interventionssicherheit zu gewährleisten.  
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Die insgesamt schwache Adhärenz wirft die Frage nach der tatsächlichen Transmissionsredukti-

on durch die antiretrovirale Kombinationsprophylaxe auf. Die in Substudien 2 und 3 berechneten 

Transmissionsraten sind jedoch wegen der geringen Stichprobengrößen der betrachteten Subko-

horten nur eingeschränkt aussagekräftig. Die in Substudie 2 berechnete HIV-Übertragungsrate 

nach Woche 6 erreicht trotz Einnahme der medikamentösen Kombinationsprophylaxe 14,3%. 

Eine derartig hohe Rate wäre eher nach der alleinigen Prophylaxe mit NVP-ED zu erwarten ge-

wesen3. Eine Vergleichsgruppe ohne AZT-Einnahme lag nicht vor. In Substudie 3 wurden HIV-

Übertragungswahrscheinlichkeit für Woche 6 per Kaplan-Meier-Schätzer bestimmt. Sie betrug 

7,7% in Gruppe 1 (mit AZT), ohne sich signifikant von den für Gruppe 2 (ohne AZT) berechne-

ten 12,5% zu unterscheiden. Dennoch steht die Größenordnung dieses Ergebnisses im Einklang 

mit den Ergebnissen einer früheren Studie, in der nach vierwöchiger AZT-Einnahme in der 

Schwangerschaft und NVP-ED zur Geburt eine Transmissionswahrscheinlichkeit von 6,5% be-

rechnet wurde33.  

Zusammenfassend stellte die Adhärenz zu einem komplexen antiretroviralen MTCT-Prophylaxe-

regime in einer peripheren Region Tansanias eine große Herausforderung dar, sowohl für die 

betroffenen Mütter, als auch für das Gesundheitspersonal. Die tatsächliche Reduktion der HIV-

Übertragungsraten ist dadurch in Frage gestellt. Gleichzeitig fand die Entstehung von Resisten-

zen gegen eingesetzte Medikamente häufig, wenn auch hauptsächlich als minoritäre HI-

Virusvarianten und in geringeren Proportionen als bei einmaldosierten Regimes statt. Zur Steige-

rung der Medikamentenadhärenz und Vorbeugung von Resistenzbildungen wären zusätzlich zu 

den bisherigen Leitlinienanpassungen an die WHO-Empfehlungen von 2010 eine stärkere Unter-

stützung der betroffenen Frauen durch enge Vertrauenspersonen und eine nachhaltigere Schu-

lung des Personals hilfreich. Die nach Medikamenteneinnahme beobachteten Blutbildverände-

rungen der Mütter waren hingegen meist milder Natur. Da gerade in ressourcenschwachen Regi-

onen oft auf routinemäßige Blutbildkontrollen verzichtet wird, sollten die bei einigen wenigen 

Kindern aufgetretenen Fälle schwerer Hämatotoxizität jedoch nicht vernachlässigt werden. Ganz 

im Gegenteil erscheint eine routinemäßige Überwachung der Blutwerte als fester Bestandteil 

einer komplexen medikamentösen PMTCT-Intervention angebracht.   

Um das von der Weltgemeinschaft hoch gesteckte Ziel zu erreichen, die perinatale HIV-

Infektion bis 2015 zu eliminieren34, bedarf es weiterhin größter Anstrengung, PMTCT-Regime 

insbesondere für ihren Einsatz in ländlichen Gegenden zu optimieren. Dafür wäre in Tansania 

die Ausweitung der ARV-Kombinationsprophylaxe auf den Beginn einer lebenslangen ART für 

alle Schwangeren nicht zuletzt hinsichtlich der anzunehmenden positiven Auswirkungen auf 

Adhärenz, Resistenzbildungen und Wirksamkeit äußerst wünschenswert.  
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Abstract

Background: Since 2008, Tanzanian guidelines for prevention of mother-to-child-transmission of HIV (PMTCT) recommend
combination regimen for mother and infant starting in gestational week 28. Combination prophylaxis is assumed to be
more effective and less prone to resistance formation compared to single-drug interventions, but the required continuous
collection and intake of drugs might pose a challenge on adherence especially in peripheral resource-limited settings. This
study aimed at analyzing adherence to combination prophylaxis under field conditions in a rural health facility in Kyela,
Tanzania.

Methods and Findings: A cohort of 122 pregnant women willing to start combination prophylaxis in Kyela District Hospital
was enrolled in an observational study. Risk factors for decline of prophylaxis were determined, and adherence levels before,
during and after delivery were calculated. In multivariate analysis, identified risk factors for declining pre-delivery
prophylaxis included maternal age below 24 years, no income-generating activity, and enrolment before 24.5 gestational
weeks, with odds ratios of 5.8 (P = 0.002), 4.4 (P = 0.015) and 7.8 (P = 0.001), respectively. Women who stated to have
disclosed their HIV status were significantly more adherent in the pre-delivery period than women who did not (P = 0.004).
In the intra- and postpartum period, rather low drug adherence rates during hospitalization indicated unsatisfactory staff
performance. Only ten mother-child pairs were at least 80% adherent during all intervention phases; one single mother-
child pair met a 95% adherence threshold.

Conclusions: Achieving adherence to combination prophylaxis has shown to be challenging in this rural study setting. Our
findings underline the need for additional supervision for PMTCT staff as well as for clients, especially by encouraging them
to seek social support through status disclosure. Prophylaxis uptake might be improved by preponing drug intake to an
earlier gestational age. Limited structural conditions of a healthcare setting should be taken into serious account when
implementing PMTCT combination prophylaxis.
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Introduction

Worldwide, more than two million children younger than 15
years are HIV positive, with 90% of those living in Subsaharan
Africa. 370,000 children were newly infected in 2009 [1], mostly by
mother-to-child-transmission (MTCT) during pregnancy, during
delivery or after delivery via breastfeeding. Without medical
intervention, transmission rates range between 25% and 48% in
resource-limited settings [2].

For prevention of mother-to-child transmission of HIV
(PMTCT), administration of a single dose of the non-nucleoside
reverse transcriptase inhibitor (NNRTI) nevirapine (NVP) to both
mother and newborn has shown to reduce the transmission risk by
over 40% [3,4]. Single-dosed NVP (sdNVP) is cheap and easy to
administer [4]. However, it has been shown that transmission
reduction is considerably more effective when combining sdNVP
with two nucleoside reverse transcriptase inhibitors (NRTIs), such

as zidovudine (AZT) and lamivudine (3TC) [5,6]. At the same
time, sdNVP is prone to resistance formation and might impede
subsequent treatment involving NVP or other NNRTIs [7,8],
while combining NVP with NRTIs has shown to reduce the
emergence of NNRTI-resistant mutations [8,9]. Since 2006, the
World Health Organization (WHO) therefore recommends a
triple combination prophylaxis regimen consisting of two NRTIs
(antenatal AZT, intra/postpartum AZT+3TC) and one NNRTI
(intrapartum sdNVP) as the standard PMTCT regimen wherever
this is feasible [10].

The United Republic of Tanzania is one of the poorest and least
developed countries in the world [11], and has an overall HIV
prevalence of about 6% [12]. HIV prevalence in pregnant women
is estimated at 10–16% [13]. In 2008, the Tanzanian Ministry of
Health followed the 2006 WHO guidelines for PMTCT and
changed its national standard recommendation from sdNVP to
combination prophylaxis. The recommended regimen includes
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AZT 300 mg twice a day starting in week 28 of pregnancy or as
soon as possible thereafter. With the onset of labor, women should
take sdNVP, AZT 300 mg every 3 hours, and 3TC 150 mg every
12 hours until delivery. After delivery, a postpartum tail of AZT
300 mg and 3TC 150 mg twice a day should be continued for
seven days. All newborns of HIV-positive mothers should receive
2 mg/kg sdNVP within 72 hours and a postpartum tail of 4 mg/
kg AZT twice a day for seven days if the mother took AZT during
pregnancy for four weeks or longer. Otherwise, the infant
postpartum tail should last for four weeks. In both the Tanzanian
and WHO recommendations, sdNVP only remains the minimum
prophylactic standard for PMTCT if more complex interventions
are not feasible [14]. Notably, while Tanzanian guidelines at time
of study conduction were based on 2006 WHO recommendations,
those were again revised in 2010. WHO now recommends start of
AZT intake from gestational week 14 onwards, suggesting that an
omission of sdNVP can be considered if AZT was taken for more
than four weeks before delivery [15].

Optimal drug adherence is crucial for drug effectiveness: on the
one hand, to sufficiently suppress the maternal viral load [16],
which in turn is one of the most important risk factors for MTCT
[17]. On the other hand, maladherence to antiretroviral drugs
potentially promotes the emergence of resistant viral strains which
may lead to failure of subsequent treatment [18].

Studies regarding adherence to combination prophylaxis for
PMTCT in rural, structurally limited settings are largely lacking
up to today. However, previous research on the acceptance of
simpler PMTCT regimens showed that in peripheral settings of
Tanzania, Uganda and Zambia, sdNVP was accepted by only
20–60% of HIV-positive women seeking antenatal care (ANC)
[4,19]. This allows for hypothesizing that more complex regimens
might inherit an even greater risk of suboptimal adherence in rural
areas, and that combination PMTCT prophylaxis might not bring
the expected benefit compared to sdNVP in terms of reduced
transmission rates and emerging resistance. The aim of this study
has been to gain insight into adherence to combination
prophylaxis in one exemplary district hospital in rural Tanzania,
and to identify possible challenges of adherence when implement-
ing this regimen.

Methods

The study was undertaken at Kyela District Hospital (KDH),
which is a rural health facility in Mbeya Region, Tanzania, and
has been providing PMTCT services supported by the German
Agency for Technical Co-operation since 2001. There are
approximately 130 pregnant women who approach KDH as
new ANC clients every month. While adult HIV prevalence in
Mbeya Region is found at around 8% [20], HIV prevalence
reached 18% among pregnant women in KDH in 2007
(unpublished data). Combination prophylaxis was introduced as
the standard PMTCT regimen in KDH in March 2008. KDH
was the only facility offering the extended regimen in the vicinity
at time of study conduction, while other closeby facilities offered
sdNVP only. Our study observed the routine ANC-embedded
PMTCT procedure in KDH between October 2008 and
September 2009.

The procedure comprised provider-initiated voluntary HIV-
counseling and testing of all pregnant women approaching ANC
services. Couple testing was encouraged. In HIV-positive women,
CD4-cell count was performed to assess indication for antiretro-
viral therapy (ART). Those with a CD4-cell count,200 cells/ml at
stage 1 or 2 of the WHO clinical staging [21], CD4-count,350
cells/ml at stage 3 and women at stage 4 regardless of CD4-count

were referred to ART. These women were automatically ineligible
for study participation. Women not indicated for ART were
offered combination prophylaxis according to the new Tanzanian
guidelines if not showing contraindications like severe anemia
(hemoglobin,7.5 g/dl) or granulocytopenia (granulocytes,
0.75*109/l) [14]. Consenting to take part in the prophylaxis
intervention was considered as PMTCT enrollment. The PMTCT
intervention required women to start AZT intake in gestational
week 28, or as soon as possible thereafter. According to Tanzanian
PMTCT guidelines, women were scheduled to collect their AZT
supply weekly at KDH for the first month of prophylaxis and
monthly thereafter. Drug collection required an ANC visit and a
subsequent visit of KDH pharmacy.

All women were strongly advised to deliver in KDH, or to
return to KDH within 72 hours postpartum if delivery elsewhere
was unavoidable. To ensure sdNVP intake at the onset of labor
regardless of the place of delivery, women having reached
gestational week 28 were handed out maternal sdNVP for possible
self-administration. For deliveries in KDH, maternity staff
dispensed drugs to mothers and newborns during hospitalization.
At discharge, mothers received AZT and 3TC tablets and infant
AZT syrup for the remaining postpartum tail to take home. In the
case of delivery elsewhere, postnatal infant sdNVP and maternal
and infant postpartum drugs to take home were dispensed upon
women’s return within 72 hours. Women who had not started
prophylaxis during pregnancy, but came to KDH for or after
delivery, were equally offered intra/postpartum prophylaxis.

Between October 2008 and July 2009, PMTCT-enrolling
women were systematically included in the observational study if
they fulfilled the eligibility criteria of written informed consent,
.18 years of age and no signs of psychological disorder.
Confidentiality of all obtained data was ensured. Study participa-
tion did not involve additional hospital visits beyond those
necessary for the PMTCT intervention.

Data collection
Standardized questionnaires for the stages of ANC, delivery and

maternity were developed by the authors and modified during a
pretesting period of one week before start of the study.

Data collection included an initial assessment of sociodemo-
graphic, socioeconomic and clinical parameters at the point of
consenting to participate in the study. Observations were then
divided into a pre-delivery and an intra/postpartum period, giving
consideration to respective different implications for adherence,
i.e. client-driven drug collection during pregnancy and provider-
driven intra/postpartum drug dispensation. All stages of data
collection were supported by a trained study nurse, ensuring the
routine workflow would not be disturbed.

For pre-delivery data collection, study participants were
interviewed during their recurrent ANC visits until delivery. The
study nurse conducted interviews in Swahili or the local language,
and took down answers in English. Pre-delivery questionnaires
focused on aspects like drug adherence, status of HIV-disclosure,
and reasons for failed drug collection in case of one or more missed
drug collection episodes. General acceptance of prophylaxis
among study participants was defined as having collected AZT
at least once in the pre-delivery period. Those who never collected
AZT during pregnancy were considered to be declining
prophylaxis. The definition of acceptance and decline was limited
to the pre-delivery period because it was assumed that drug receipt
during intra/postpartum hospitalization would not to the same
extent reflect an active acceptance process.

Intra/postpartum data collection included all study participants
who returned to KDH for delivery or within 72 hours thereafter.

Adherence to PMTCT Combination Regimen

PLoS ONE | www.plosone.org 2 June 2011 | Volume 6 | Issue 6 | e21020



Those who had declined pre-delivery prophylaxis, but returned to
KDH intra/postpartumly were equally incorporated into this part
of observation. Maternity ward nurses, supported by the study
nurse, were trained to fill in questionnaires listing all different
drugs dispensed in the intra/postpartum period for each woman
and newborn, including postpartum tail drugs handed out to take
home. Intrapartum AZT and 3TC administration was only
observed in KDH deliveries. Study participants who had delivered
outside of KDH reported self-administration of sdNVP to staff at
their postpartum return; their questionnaires were then continued
with information on infant sdNVP intake and dispensed take-
home drugs.

Study participants who did not return to KDH for delivery or
within 72 hours postpartum were defined as lost to follow-up.

Definition and assessment of adherence
As customary for PMTCT services, drug intake was not directly

observed in most parts of the intervention. Accordingly, adherence
measures assessed drug collection and dispensation rather than
actual ingestion, except during intra/postpartum hopitalisation.
Overall adherence was defined to consist of women’s drug
collection during pregnancy (pre-delivery adherence), and drug
dispensation by staff during/after delivery including the postpar-
tum take-home tail (intra/postpartum adherence).

Pre-delivery adherence was measured by women’s medication
possession ratio (MPR) [22], which was generated from the
number of collected AZT doses divided by the targeted number of
doses between start of prophylaxis and delivery. Thus, collecting
all drugs as scheduled yielded an MPR of 100%, defined as full
adherence until delivery. In case of an unknown date of delivery,
an estimated delivery date was used to calculate the MPR.

Assessing intra/postpartum adherence was based on staff-listed
dispensation of respective drugs. Adherence to sdNVP was
measured in absolute intake numbers for mothers and newborns
as reported by nurses, or reported by women in case of maternal
self-administration. For maternal intrapartum AZT and 3TC,
adherence rates were assessed by dividing the hours covered
through dispensed drugs by the total hours of hospitalization until
delivery. Postpartum tail adherence comprised two parts: first, the
observed dispensation of AZT and 3TC to mothers and AZT to
newborns before hospital discharge, measured by hours of
hospitalization covered with drugs, and second, dispensation of
take-home doses for mother and infant after hospital discharge,
measured in absolute numbers of women and infants supplied with
the correct amount of drugs to take home. Outcome measures of the
different observed stages are summarized in Table 1.

Statistical methods
Data analysis was performed with a standard statistical software

package. For dichotomization of metric parameters like age and
gestational age at enrollment, cut-off-thresholds were defined by
using JRip, which is part of the open source machine learning
software WEKA 3 [23] and identifies thresholds with the most
discriminative power regarding the dependent variable. We set a
CD4-count cut-off level at #350 cells/ml due to the relevance of this
value in international guidelines [15]. For the remaining interval
variables, the median was used as cut-off threshold. Pearson’s chi
square test and Fisher’s exact test were used to compare categorical
data. To evaluate socio-demographic variables and their influence
on declining adherence, univariate odds ratios were calculated.
Variables that showed to be significant in the univariate analysis
(P,0.05) were included into a multivariate analysis using a forward
stepwise logistic regression to calculate adjusted odds ratios. For
analysis of adherence levels, adherence cut-off points of $95% and
$80% were used for comparability with other studies [24]. The
influence of sociodemographic variables on adherence values was
tested using the Mann-Whitney U-test.

Ethical considerations
The study was conducted in accordance with the Declaration

of Helsinki. It was approved by the Tanzanian National Institute
for Medical Research, by the Ethical Committee Mbeya, and by
the Ethical Committee of Charité-Universitätsmedizin Berlin,
Germany. Written informed consent in Swahili was obtained
from all participants. Confidentiality was maintained throughout
the study.

Results

In total, 1395 women were counseled and HIV-tested in ANC of
KDH during the study period. Among 202 women identified HIV-
positive (14.5% of all tested), 72 (35.6%) did not meet the eligibility
criteria of the study, mostly because of an ART indication. From
130 eligible women, 5 moved away and were therefore referred
to another health facility, 2 had an abortion before starting
prophylaxis, and 1 withdrew her informed consent.

For the remaining cohort of 122 study participants, the following
median demographics were determined: 26 years of age (range 18–
37 years), 23 weeks of gestational age at PMTCT enrollment (range
9–36 weeks), 7 years of education duration (range 0–12 years),
30 minutes travel time to KDH (range 0–120 minutes), and 0
Tanzanian Shilling of travel costs to KDH (range 0–2000
Tanzanian Shilling). Seven women (5.7%) were counseled and

Table 1. Summary of used adherence outcome measures.

Observation phase Subgroup Drugs Adherence outcome measure

Antenatal Maternal AZT Medication possession ratio from women having started prophylaxis in ANC

Intrapartum Maternal sdNVP Intake ratio from all women observed intra/postpartumly

Maternal AZT/3TC % of hours covered with drugs from total hospitalization hours between admission and delivery*

Postpartum Maternal AZT/3TC N % of hours covered with drugs from total hospitalization hours between delivery and hospital discharge*

N % of women having received their correct take-home dose from all women observed intra/postpartumly

Infant sdNVP Intake ratio from all surviving newborns observed postpartumly

Infant AZT N % of hours covered with drugs from total hospitalization hours between delivery and hospital discharge*

N % of infants who received their correct take-home dose from all surviving infants observed postpartumly

*among hospital deliveries.
doi:10.1371/journal.pone.0021020.t001
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tested together with their partner. Women’s median CD4-cell count
reached 391 cells/ml (range 200–883 cells/ml).

Forty-seven of 122 participants (38.5%) were lost to follow-up.
Among these were 24 women who declined prophylaxis from the
beginning, while 23 started prophylaxis, but failed to return to
KDH. One woman had an abortion after starting prophylaxis and
one baby died shortly after delivery. Seventy-three mother-child
pairs were observed from the point of maternal PMTCT enrollment
to the observation endpoint of maternal and infant drug supply in
the intra/postpartum period. Figure 1 shows an overview of all
undertaken analyses in different subgroups and respective drop-outs.

Factors associated with declining combination
prophylaxis

Out of the 122 enrolled women, 35 (28.7%) declined pre-
delivery prophylaxis. From these decliners, 11 returned to KDH in
the intra/postpartum period.

In bivariate analysis, variables associated with declining pre-
delivery prophylaxis were women’s age of 23 years or below
(P,0.001), no income-generating activity (P = 0.006), and a
gestational age at enrollment of 24.5 weeks or below (P,0.001).
In multivariate analysis, these variables showed to be associated
independently with the decline of prophylaxis with P values of
0.002, 0.015, and 0.001, respectively. As shown in Table 2, other
sociodemographic, economic and health-related variables, like
education, travel distance or CD4 cell count, were not significantly
associated with decline.

AZT-adherence levels before delivery
From 87 observed women having accepted prophylaxis, one

subsequently had an abortion and was excluded from analysis
(Figure 1). Among the remaining 86, the mean AZT-adherence
before delivery was 77%. 56 women (65.1%) attained at least 80%
adherence, and 43 women (50.0%) reached at least 95%
adherence (Figure 2). Full adherence until delivery was achieved
by 33 women (38.4%) who collected all AZT doses as required.

Disclosure of the HIV-status to the partner, a relative or a friend
was positively associated with adherence rates before delivery: out
of the 86 women who had started to take prophylaxis, 6 (7.0%)
had not disclosed their HIV status and were significantly less
(median 22.7%) adherent than women who had disclosed their
status (median 97.3%, P = 0.004). Other variables were not
significantly correlated with adherence levels (Table 3).

Overall, 53 out of 86 participants (61.6%) were not fully
adherent, i.e. had missed at least one drug collection episode. In
34 of these (64.2%), reasons for failure in drug collection were
unknown, partly because they did not state any reason when asked
(11 women), and partly because they could not be asked due to loss
to follow-up (23 women). Among the 19 women who had stated one
ore more reasons (24 reasons mentioned altogether) for occurred
missed drug collection episodes, personal reasons were mentioned
most frequently (14/19 women, 73.7%), and included family
obligations (mentioned by 6 women), forgetting appointments
(mentioned by 4), transportation difficulties (mentioned by 3), and
incorrect dosing of tablets (one mention). At the same time, 10 of the
19 women (52.6%) named hospital-based reasons, i.e. incorrectly
indicated dates for the next visit (five mentions), neglected
dispensation of drugs at KDH pharmacy (three mentions), or staff
had decided to interrupt prophylaxis (two mentions).

Adherence during and after delivery
Out of 122 study participants, 74 were being observed in the

intra/postpartum period (Figure 1). From these, 63 (85.1%) had

accepted pre-delivery prophylaxis, while 11 (14.9%) women had
declined. Pre-delivery prophylaxis acceptance was significantly
associated with returning to KDH during or within 72 hours after
delivery (P,0.001).

Sixty-four of 74 intra/postpartum observed participants (86.5%)
delivered in KDH, and 10 women (13.5%) delivered at home but
returned to KDH within 72 hours postpartum.

SdNVP was taken by 67 out of the 74 women (90.5%) in the
correct time frame before delivery, 59 of these delivered in KDH,
and eight delivered at home. Sixty-nine newborns (93.2%)
received postnatal sdNVP in KDH, including 60 (93.8%) out of
64 KDH deliveries and 9 (90.0%) out of 10 home deliveries.

Regarding intrapartum AZT and 3TC, of the 64 deliveries in
KDH, 38 women (59.4%) attained at least 80% and 27 (42.2%) at
least 95% adherence. 26 women (40.6%) remained below 80%
adherence. Between the time of delivery and hospital discharge, 34
of the 64 women (53.1%) reached 80% and 24 (37.5%) reached
95% adherence. From the 63 surviving newborns, for 32 (50.8%)
at least 80% adherence was achieved, and for 12 children (19.0%)
at least 95% adherence was achieved when starting the
postpartum AZT tail during hospitalization.

From the 74 women which had either delivered in KDH or
returned there within 72 hours, 58 (78.4%) received the correct
amount of AZT and 3TC-tablets to take home, and 59 infants
(80.8% from 73 surviving) were dispensed the correct take-home
amount of AZT syrup. Achieved intra/postpartum adherence
levels for mothers and infants are depicted in Figure 2.

Overall adherence before, during and after delivery
Initially, 122 women had agreed to take combination prophy-

laxis. One had an abortion after starting prophylaxis and one child
died shortly after delivery. Out of the remaining 120 mother-child
pairs, 10 (8.3%) achieved at least 80% adherence rates in all phases
before, during and after delivery, and only one single mother-child
pair (0.8%) achieved a 95% adherence level for the entire PMTCT
intervention.

Discussion

Our observational study in a rural setting in Tanzania found
relatively low levels of adherence to combination prophylaxis in all
different PMTCT intervention phases.

Within the study population, young age and no income-
generating activity of the women were found to increase the risk
of not starting combination prophylaxis before delivery. This is in
accordance with other studies, which identified similar risk factors to
influence the acceptance of ART [25] and of sdNVP-based
interventions [19]. Gestational age below 24 weeks at PMTCT
enrollment was discovered as an additional risk factor for declining
combination prophylaxis. An explanation for this could be the time
gap emerging for women who become enrolled in an early
pregnancy stage, but then have to wait until gestational week 28
until they can actually start prophylaxis. This time gap before drug
intake might imply that antiretroviral prophylaxis has no acute
priority, and forgetting future appointments may be likely. In
response to this problem, revised WHO-guidelines of July 2010
recommend prophylaxis start from gestational week 14 onwards,
aspiring to avoid idle time between enrollment and first drug intake
[15]. Although this requires adhering to antenatal AZT for an even
longer period of time, facilitating immediate prophylaxis start for
the case of early PMTCT enrollment will simplify the PMTCT
procedure to some extent and should be transferred into national
guidelines as soon as possible. Yet, it will be of high importance to
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keep track of possibly increased resistance formation arising from
extended antenatal AZT monotherapy.

Among those who started combination prophylaxis, every third
woman remained below an 80% adherence level in the period
before delivery. This rate underachieves results of a similar study
on ART adherence in a Zambian cohort of patients receiving

treatment for their own health, where only about 15% of patients
remained below an 80% adherence level [24]. In a previous meta-
analysis on ART adherence among general population receiving
treatment, it was reported that in 20 out of 22 studies, more than
half of the patients met the thresholds of 95% or full adherence
[26]. While those ART-related studies suggest that higher

Figure 1. Profile of cohort and analyses. This figure is illustrating the formation of the cohort and of its different subgroups, including women
observed in the antenatal period, women accepting/declining antenatal prophylaxis, women lost to follow-up (LTFU), women observed intra/
postpartumly and infants observed postpartumly. It is indicated which analyses have been performed within the respective subgroups and where the
results of those analyses are shown.
doi:10.1371/journal.pone.0021020.g001
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adherence levels are achievable also in resource-limited settings,
general ART programs can only represent an approximate
comparative value with regards to PMTCT, because the subgroup
of pregnant women involves specific implications for adherence.
More research, filling the existing knowledge gap on adherence to
PMTCT combination prophylaxis, is desirable to allow for putting
our findings into context.

In our study, the only factor significantly influencing levels of pre-
delivery adherence was HIV-status disclosure to the partner, a
relative or a friend. Status disclosure is known to relieve women
from emotional stress and to enable them to receive psychological
and material support by their social environment [27]. Especially in
rural settings, disclosure can facilitate issues like obtaining approval
from the husband as the main decision maker to seek healthcare,
and transportation to the hospital. From women who started to take
prophylaxis, 93% disclosed their status, a high rate compared to
other studies [28,29]. However, disclosure information could only

be obtained from women who returned to ANC at least once after
having been HIV-tested. Given that prophylaxis start is positively
influenced by disclosure [29], our rate is likely to be overestimated
due to the exclusion of 35 women declining prophylaxis.

Couple counseling and HIV-testing often facilitates partner
disclosure and positively influences general uptake of PMTCT
programs [30,31]. Deplorably few of our study participants were
counseled and tested together with their partner, confirming the
prevalent observation that adequate male involvement in PMTCT
is still largely missing [32]. A stronger implementation of couple
counseling and testing, and encouraging pregnant women to seek
support in their social environment through status disclosure, not
only to partners, but also to other confidants, e.g. in the form of
treatment buddies or community groups, could be effective
strategies for achieving better adherence rates [33,34].

Failure in pre-delivery adherence stands for women’s missed or
delayed hospital visits to collect drugs, which has been described as

Table 2. Risk factors for decline of pre-delivery prophylaxis.

Bivariate Mulitvariate

Variable n decline OR 0.95 CI P Chi2 AOR P

Age{ 122

.23 years 91 17.58% 1.000 1.000

#23 years 31 61.29% 7.422 3.011– 18.292 ,0,001 * 5.841 0.002

Education 113

,7 years 19 21.05% 1.000

$7 years 94 28.72% 1.511 0.460– 4.967 0.494

Income-gen. activity 116

Yes 44 13.64% 1.000 1.000

No 72 37.50% 3.800 1.420– 10.169 0.006 * 4.399 0.015

Marital status 114

Single 24 25.00% 1.000

Married 90 28.89% 1.182 0.422– 3.308 0.750

Gravida 122

Multigravida 113 28.32% 1.000

Primigravida 9 33.33% 1.266 0.298– 5.369 0.719 **

Gestational age{ 122

.24.42 weeks 52 9.62% 1.000 1.000

#24.42 weeks 70 42.86% 7.050 2.501– 19.874 ,0,001 * 7.820 0.001

Last delivery 98

At home 27 29.63% 1.000

At health facility 71 32.39% 1.138 0.434– 2.984 0.793

Travel distance 121

#30 minutes 64 26.56% 1.000

.30 minutes 55 32.73% 1.345 0.610– 2.965 0.462

Transport costs 117

No 74 28.38% 1.000

Yes 43 30.23% 1.094 0.480– 2.493 0.831

CD4 cell count 122

.350 50 26.00% 1.000

#350 72 30.56% 1.252 0.559– 2.806 0.584

OD = odds ratio; CI = confidence interval; AOR = adjusted odds ratio.
{Threshold calculated with software JRip.
*Variables included into multivariate analyses.
**Fisher’s exact test.
doi:10.1371/journal.pone.0021020.t002
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one of several causes for maladherence in other studies based on
self-reported adherence rates to ART among general population
receiving treatment for their own health [35,36]. We do not know
the reasons for missed drug collection episodes in the majority of
our study participants, either because they did not return to be
asked, or because they did not want to state reasons. In those who
shared their reasons for failure in collecting drugs, personal
obstacles were mentioned most frequently, but every second of
those women also stated that she failed to get drugs because of a
wrongly scheduled date for the next drug collection or reluctance
of drug dispensation by KDH staff. This demonstrates the crucial
importance of high quality training of hospital staff [37].

Staff were also responsible for providing correct doses of AZT
and 3TC at the right time during hospitalization of mother and
newborn. For only about half of the mothers and babies, at least
80% adherence was achieved. The threshold of 95% adherence was
met for less than half of the mothers and only one fifth of the babies.
At hospital discharge, only about 80% of mothers and babies
received the right amount of take-home drugs. These intra/
postpartum adherence levels indicate suboptimal staff performance,
and might partly be explained by the increased burden of work due
to the introduction of combination prophylaxis. High workload can

decrease motivation and dedication of staff, and might result in
inadequate care. Systems of rotating staff members between
departments often cause additional shortage and require continuous
training of new PMTCT staff [37,38]. Reducing staff rotation and
ensuring a close professional supervision could mitigate the shortage
of well-trained personnel, and thereby considerably contribute to
improved adherence rates during hospitalization. At the same time,
it should be noted that in some other African countries, e.g. Kenya
or Malawi, national guidelines recommend a simplified intrapartum
regimen, administrating one dose of 600 mg AZT or 300 mg AZT
twice daily instead of the three-hourly dosing throughout labor
[39,40], a practice which could also reduce intrapartum care-related
staff burden to some extent.

More than one third of the enrolled women were lost to follow-
up, which is a larger fraction than in comparable studies on ART
and sdNVP adherence [41,42]. Notably, only 10 mother-child pairs
achieved at least 80% adherence in all phases of combination
prophylaxis, and only one pair was adherent on a 95% level. We
have targeted adherence levels of 80% and 95% for best
comparability with other findings, but in fact there is a lack of
evidence on necessary adherence levels to ensure the effectiveness of
combination prophylaxis and to prevent emergence of resistant viral

Figure 2. Adherence levels reached for different drugs in antenatal, intrapartum and postpartum period. Adherence cut-off levels of
95% and 80% are described for women’s adherence to antenatal AZT, intrapartum AZT+3TC and postpartum AZT+3TC during hospitalization, as well
as for infant adherence to AZT during hospitalization. For pre-delivery AZT intake, an adherence level of $95% was reached by 50.0% and a level of
$80% was reached by 65.1% of women. For intrapartum AZT+3TC, adherence of $95% was reached by 42.2% of women who delivered in KDH and
adherence of $80% was reached by 59.4% of them. For postpartum AZT+3TC during hospitalization, adherence of $95% was reached by 37.5% and
adherence of $80% was reached by 53.1% of hospital-delivering women. In newborns, AZT adherence during hospitalization was $95% in 19.0%
and $80% in 50.8% of the infants. For sdNVP, proportions reflect self-reported correct intake of drug doses for mothers (90.5%) and staff-reported
correctly dispensed drug doses for newborns (93.2%). Postpartum take-home doses were dispensed correctly to 78.4% of women and 80.8% of
infants.
doi:10.1371/journal.pone.0021020.g002
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strains. In PMTCT regimen trials like the Kesho Bora study,
detailed adherence levels among the study population have
generally not been determined, while the trials have rather
considered percentages of women who reached full adherence
[43], or, like in the DITRAME trial, it was only assessed how many
women met a certain threshold like 80% adherence [44]. Further
research on specific necessary thresholds would be highly desirable
for a more revealing interpretation concerning implications of
adherence levels on drug effectiveness and resistance formation.

In the near future, the Tanzanian government will very likely align
national PMTCT guidelines with WHO’s 2010 revised recommen-
dations, including the extension of ART-eligibility to those women
with a CD4 count below 350 instead of 200, and including ARV
intake throughout the entire breastfeeding period for infant (option
A) or mother (option B) [15]. This will imply new challenges with
regards to adherence, particularly for women choosing to breastfeed.
According to WHO, 96.4% of Tanzanian infants are ever breastfed,
with median breastfeeding duration of 21.1 months [45]. This is in
compliance with PMTCT monitoring data from Mbeya Region,
where over 95% of HIV positive women preferred breastfeeding to
formula feeding (2009, data unpublished). Hence, for a mainly
breastfeeding population like in our study setting, the chosen
regimen option recommended in subsequent Tanzanian guidelines
will be a highly relevant issue in the upcoming years.

An important limitation of the study is that pre-delivery
adherence values in our analysis are based on MPRs. Although
found to be a valid measurement for the reduction of viral load
[46,47], MPRs bear the risk of overestimating real adherence values
[48,49], because the amount of handed-out drugs might differ from
the amount of actually ingested drugs. Suggesting that fewer women
than assumed might actually have taken drugs as required, this
would, however, strengthen our finding of suboptimal adherence.

Although we have chosen a representative district hospital
strictly oriented in national guidelines, local customs might cause a
systematical bias, and further research is strongly needed to assess
the validity of our findings for other regions.

In conclusion, achieving high adherence rates during all phases
of PMTCT combination prophylaxis has shown to be challenging
in the rural setting of this study. Prophylaxis uptake might be
improved by preponing drug intake to an earlier gestational age.
Our findings underline the need for additional training and
supervision for overburdened PMTCT staff as well as close
supervision for PMTCT clients, especially by encouraging them to
seek social support through status disclosure.

Combination prophylaxis for PMTCT is gradually replacing less
effective regimens in many resource-limited regions of the world.
However, the finding that only one mother-child pair managed to
receive 95% of the intended quantity of drugs in all PMTCT phases
in our study site results in a serious derogation of the assumed high
effectiveness of combination prophylaxis in rural settings. It should
be considered as a liability of health authorities to take limited
structural conditions into account when planning, implementing
and expanding combination prophylaxis for PMTCT.
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8. Arrivé E, Newell ML, Ekouevii DK, Chaix ML, Thiebaut T, et al. (2007)
Prevalence of resistance to nevirapine in mothers and children after single-dose
exposure to prevent vertical transmission of HIV-1: A meta-analysis.
Int J Epidemiol 36: 1009–1021. doi:10.1093/ije/dym104.

9. McIntyre JA, Hopley M, Moodley D, Eklund M, Gray GE, et al. (2009) Efficacy
of short-course AZT plus 3TC to reduce nevirapine resistance in the prevention
of mother-to-child HIV transmission: A randomized clinical trial. PLoS Med 6:
e1000172. doi:10.1371/journal.pmed.1000172.

10. World Health Organization (WHO) (2006) Antiretroviral drugs for treating
pregnant women and preventing HIV infection in infants: Towards universal
access: Recommendations for a public health approach. 2006 version. Available:
http://whqlibdoc.who.int/publications/2006/9789241594660_eng.pdf. Ac-
cessed 18 Sept 2010.

11. United Nations Development Programme (2008) Human Development Indices.
Available: http://hdr.undp.org/en/media/HDI_2008_EN_Complete.pdf. Ac-
cessed 18 Sept 2010.

12. World Health Organization (2009) World Health Statistics. Available: http://
www.who.int/whosis/whostat/EN_WHS09_Full.pdf. Accessed 18 Sept 2010.

13. Joint United Nations Program on HIV/AIDS (UNAIDS) (2004) United
Republic of Tanzania: Epidemiological fact sheets on HIV/AIDS and sexually
transmitted infections. Available: http://data.unaids.org/publications/Fact-
Sheets01/tanzania_en.pdf. Accessed 18 Sept 2010.

14. The United Republic of Tanzania, Ministry of Health and Social Welfare (2007)
Prevention of Mother-To-Child Transmission of HIV (PMTCT), National
Guidelines. Dar es SalaamTanzania: Ministry of Health and Social Welfare.

15. World Health Organization (WHO) (2010) Antiretroviral drugs for treating
pregnant women and preventing HIV infection in infants: Recommendations for
a public health approach. 2010 version. Geneva, Switzerland: WHO Press,
Available: http://whqlibdoc.who.int/publications/2010/9789241599818_eng.
pdf. Accessed 29 July 2010.

16. Gross R, Bilker WB, Friedman HM, Strom BL (2001) Effect of adherence to newly
initiated antiretroviral therapy on plasma viral load. AIDS 15: 2109–2117.

17. Garcia PM, Kalish LA, Pitt J, Minkoff H, Quinn TC, et al. (1999) Maternal
levels of plasma human immunodeficiency virus type 1 RNA and the risk of
perinatal transmission. N Engl J Med 341: 394–402. doi:10.1056/
NEJM199908053410602.

18. Smith R (2006) Adherence to antiretroviral HIV drugs: How many doses can you
miss before resistance emerges? Proc Biol Sci 273: 617–624. doi:10.1098/
rspb.2005.3352.

19. Karcher H, Kunz A, Poggensee G, Mbezi P, Mugenyi K, et al. (2006) Outcome
of different nevirapine administration strategies in preventing mother-to-child
transmission (PMTCT) programs in Tanzania and Uganda. J Int AIDS Soc 8:
12. doi:10.1186/1758-2652-8-2-12.

20. Tanzania Commission for AIDS (TACAIDS), National Bureau of Statistics
(NBS), and ORC Macro (2008) Tanzania HIV & Malaria Indicator Survey 2007
Preliminary Report. Available: http://www.ihi.or.tz/docs/Tz{HIV}-Malar-
iaIndicatorSurvey-0708-PreliminaryReport.pdf. Accessed 18 Sept 2010.

21. World Health Organization (2007) Chronik HIV Care with ARV Therapy and
Prevention. Available: http://www.who.int/hiv/pub/imai/Chronic_HIV_
Care7.05.07.pdf. Accessed 18 Sept 2010.

22. Sikka R, Xia F, Aubert RE (2005) Estimating medication persistency using
administrative claims data. Am J Manag Care 11: 449–457.

23. Hall M, Frank E, Holmes G, Pfahringer B, Reutemann P, et al. (2009) The
WEKA data mining software: An update. SIGKDD Explorations 11: 10–18.
Software available: http://www.cs.waikato.ac.nz/,ml/weka/. Accessed 18
Sept 2010.

24. Chi BH, Cantrell RA, Zulu I, Mulenga LB, Levy JW, et al. (2009) Adherence to
first-line antiretroviral therapy affects non-virologic outcomes among patients on
treatment for more than 12 months in Lusaka, Zambia. Int J Epidemiol 38:
746–756. doi:10.1093/ije/dyp004.

25. Byakika-Tusiime J, Oyugi JH, TumwikirizeWA, Katabira ET, Mugyenyi PN,
et al. (2005) Adherence to HIV antiretroviral therapy in HIV+ Ugandan
patients purchasing therapy. Int J STD AIDS 16: 38–41. doi:10.1258/
0956462052932548.

26. Mills EJ, Nachega JB, Buchan I, Orbinski J, Attaran A, et al. (2006) Adherence
to antiretroviral therapy in sub-Saharan Africa and North America: A meta-
analysis. JAMA 296: 679–690. doi:10.1001/jama.296.6.679.

27. Norman A, Chopra M, Kadiyala S (2007) Factors related to HIV disclosure in 2
South African communities. Am J Public Health 97: 1775–1781. doi:10.2105/
AJPH.2005.082511.

28. Brou H, Djohan G, Becquet R, Allou G, Ekouevi DK, et al. (2007) When do
HIV-infected women disclose their HIV status to their male partner and why? A
study in a PMTCT programme, Abidjan. PLoS Med 4: e342. doi:10.1371/
journal.pmed.0040342.

29. Maman S, Medley A (2004) Gender dimensions of HIV status disclosure to
sexual partners: Rates, barriers and outcomes: A review paper. Available:
http://www.who.int/gender/documents/en/genderdimensions.pdf. Accessed
29 July 2010.

30. Conkling M, Shutes EL, Karita E, Chomba E, Tichacek A, et al. (2010) Couples’
voluntary counselling and testing and nevirapine use in antenatal clinics in two
African capitals: A prospective cohort study. J Int AIDS Soc 13: 10.
doi:10.1186/1758-2652-13-10.

31. Farquhar C, Kiarie JN, Richardson BA, Kabura MN, John FN, et al. (2004)
Antenatal couple counseling increases uptake of interventions to prevent HIV-1
transmission. J Acquir Immune Defic Syndr 37: 1620–1626.

32. Theuring S, Mbezi P, Luvanda H, Jordan-Harder B, Kunz A, et al. (2009) Male
involvement in PMTCT services in Mbeya Region, Tanzania. AIDS Behav 13
Suppl 1: 92–102. doi:10.1007/s10461-009-9543-0.

33. Wouters E, Van Damme W, van Rensburg D, Meulemans Ha (2008) Impact of
baseline health and community support on antiretroviral treatment outcomes in
HIV patients in South Africa. AIDS 22: 2545–2548. doi:10.1097/QAD.
0b013e32831c5562.

34. Sarna A, Weiss E (2006) Current research and good practice in HIV and AIDS
treatment education. Available: http://unesdoc.unesco.org/images/0014/
001497/149722e.pdf. Accessed 18 Sept 2010.

35. Nachega JB, Stein DM, Lehman DA, Hlatshwayo D, Mothopeng R, et al. (2004)
Adherence to antiretroviral therapy in HIV-infected adults in Soweto, South
Africa. AIDS Res Hum Retroviruses 20: 1053–1056. doi:10.1089/
aid.2004.20.1053.

36. Mugusi F, Mugusi S, Bakari M, Hejdemann B, Josiah R, et al. (2009) Enhancing
adherence to antiretroviral therapy at the HIV clinic in resource constrained
countries; The Tanzanian experience. Trop Med Int Health 14: 1226–1232.

37. Nuwagaba-Biribonwoha H, Mayon-White RT, Okong P, Carpenter LM (2007)
Challenges faced by health workers in implementing the prevention of mother-
to-child HIV transmission (PMTCT) programme in Uganda. J Public Health 29:
269–274. doi:10.1093/pubmed/fdm025.

38. Levy JM (2009) Women’s expectations of treatment and care after an antenatal
HIV diagnosis in Lilongwe, Malawi. Reprod Health Matters 17: 152–161.
doi:10.1016/S0968-8080(09)33436-9.

39. Government of Malawi, Ministry of Health (2008) Prevention of mother to child
transmission of HIV and paediatric HIV care guidelines. Second Edition, July 2008.
Government of Malawi. Available: http://www.aidstar-one.com/sites/default/
files/PMTCT%20Guidelines%20Malawi%202008.pdf. Accessed 10 April 2011.

40. Government of Kenya, Ministry of Health (2009) Guidelines for prevention of
mother to child transmission (PMTCT) of HIV/AIDS in Kenya. Third Edition,
2009. Available: http://www.aidstar-one.com/sites/default/fi les/
PMTCT%20Guidelines%20Kenya%202009.pdf. Accessed 10 April 2011.

41. Karcher H, Omondi A, Odera J, Kunz A, Harms G (2007) Risk factors for
treatment denial an d loss to follow-up in an antiretroviral treatment cohort in
Kenya. Trop Med Int Health 12: 687–694.

42. Tonwe-Gold B, Ekouevi DK, Viho I, Amani-Bosse C, Toure S, et al. (2007)
Antiretroviral treatment and prevention of peripartum and postnatal HIV
transmission in West Africa: Evaluation of a two-tiered approach. PLoS Med 4:
e257. doi:10.1371/journal.pmed.0040257.

43. The Kesho Bora Study Group (2011) 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 Infect Dis 11: 171–180.

44. Meda N, Leroy V, Viho I, Msellati P, Yaro S, et al. (2002) Field acceptability
and effectiveness of the routine utilization of zidovudine to reduce mother-to-
child transmission of HIV-1 in West Africa.. AIDS 16: 2323–2328.

45. WHO Global Data Bank on Infant and Young Child Feeding (IYCF) (updated
2009) Infant and young child feeding data by country, Tanzania. National
Bureau of Statistics (NBS) and ORC Macro. Tanzania Demographic and
Health Survey 2004–05. Available: http://www.who.int/nutrition/databases/
infantfeeding/countries/tza.pdf. Accessed April 10 2011.

46. Grossberg R, Zhang Y, Gross R (2004) A time-to-prescription-refill measure of
antiretroviral adherence predicted changes in viral load in HIV. J Clin
Epidemiol 57: 1107–1110. doi:10.1016/j.jclinepi.2004.04.002.

47. Weidle PJ, Wamai N, Solberg P, Liechty C, Sendagala S, et al. (2006)
Adherence to antiretroviral therapy in a home-based AIDS care programme in
rural Uganda. Lancet 368: 1587–1594. doi:10.1016/S0140-6736(06)69118-6.

48. Gill CJ, Hamer DH, Simon JL, Thea DM, Sabin LL (2005) No room for
complacency about adherence to antiretroviral therapy in sub-Saharan Africa.
AIDS 19: 1243–1249.

49. Steiner J, Prochazka A (1997) The assessment of refill compliance using
pharmacy records: Methods, validity, and applications. J Clin Epidemiol 50:
105–116. doi:10.1016/S0895-4356(96)00268-5.

Adherence to PMTCT Combination Regimen

PLoS ONE | www.plosone.org 9 June 2011 | Volume 6 | Issue 6 | e21020



Druckexemplare der Publikationen  

 34 

 

Druckexemplar Publikation 2 

 

 

 

 

 

Hauser A, Sewangi J, Mbezi P, Dugange F, Lau I, Ziske J, Theuring S,  

Kuecherer C, Harms G, Kunz A 

 

Emergence of Minor Drug-Resistant HIV-1 Variants after Triple  

Antiretroviral Prophylaxis for Prevention of Vertical HIV-1 Transmission 

 

PLoS ONE 2012;7(2):e32055 

 

doi:10.1371/journal.pone.0032055 



Emergence of Minor Drug-Resistant HIV-1 Variants after
Triple Antiretroviral Prophylaxis for Prevention of
Vertical HIV-1 Transmission
Andrea Hauser1,2*, Julius Sewangi3, Paulina Mbezi4, Festo Dugange5, Inga Lau1, Judith Ziske1, Stefanie

Theuring1, Claudia Kuecherer2, Gundel Harms1, Andrea Kunz1
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Abstract

Background: WHO-guidelines for prevention of mother-to-child transmission of HIV-1 in resource-limited settings
recommend complex maternal antiretroviral prophylaxis comprising antenatal zidovudine (AZT), nevirapine single-dose
(NVP-SD) at labor onset and AZT/lamivudine (3TC) during labor and one week postpartum. Data on resistance development
selected by this regimen is not available. We therefore analyzed the emergence of minor drug-resistant HIV-1 variants in
Tanzanian women following complex prophylaxis.

Method: 1395 pregnant women were tested for HIV-1 at Kyela District Hospital, Tanzania. 87/202 HIV-positive women
started complex prophylaxis. Blood samples were collected before start of prophylaxis, at birth and 1–2, 4–6 and 12–16
weeks postpartum. Allele-specific real-time PCR assays specific for HIV-1 subtypes A, C and D were developed and applied
on samples of mothers and their vertically infected infants to quantify key resistance mutations of AZT (K70R/T215Y/T215F),
NVP (K103N/Y181C) and 3TC (M184V) at detection limits of ,1%.

Results: 50/87 HIV-infected women having started complex prophylaxis were eligible for the study. All women took AZT
with a median duration of 53 days (IQR 39–64); all women ingested NVP-SD, 86% took 3TC. HIV-1 resistance mutations were
detected in 20/50 (40%) women, of which 70% displayed minority species. Variants with AZT-resistance mutations were
found in 11/50 (22%), NVP-resistant variants in 9/50 (18%) and 3TC-resistant variants in 4/50 women (8%). Three women
harbored resistant HIV-1 against more than one drug. 49/50 infants, including the seven vertically HIV-infected were
breastfed, 3/7 infants exhibited drug-resistant virus.

Conclusion: Complex prophylaxis resulted in lower levels of NVP-selected resistance as compared to NVP-SD, but AZT-
resistant HIV-1 emerged in a substantial proportion of women. Starting AZT in pregnancy week 14 instead of 28 as
recommended by the current WHO-guidelines may further increase the frequency of AZT-resistance mutations. Given its
impact on HIV-transmission rate and drug-resistance development, HAART for all HIV-positive pregnant women should be
considered.
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Introduction

Mother-to-child transmission of HIV-1 in resource-limited
settings accounts for almost 16% of all new HIV-1 infections in
Sub-Saharan Africa [1]. Antiretroviral drugs for HIV-1-infected
pregnant women and their infants are an essential component in
reducing mother-to-child transmission of HIV-1. The non-
nucleoside reverse transcriptase inhibitor (NNRTI) nevirapine
(NVP) has been widely applied as single dose (NVP-SD)
prophylaxis at the onset of labor [2]. However, due to the low
genetic barrier of NVP even a single dose frequently induces viral

resistance [3–10], thus compromising the success of subsequent
NNRTI-containing highly active antiretroviral treatment
(HAART) if initiated within 6–12 month after prophylaxis [11–
13]. To reduce viral resistance as well as to further lower the
vertical transmission risk of HIV-1, the WHO guidelines for the
prevention of mother-to-child transmission (PMTCT) of 2006 and
2010 [14,15] recommend complex antiretroviral prophylaxis. This
is composed of antenatal zivoduvine (AZT) for three (2006) or six
months (2010), NVP-SD at labor onset and AZT/lamivudine
(3TC) during labor and for one week postnatally. In 2008,
complex prophylaxis was recommended by the national Tanza-
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nian PMTCT guidelines as preferred PMTCT regimen [16].
Monotherapy of antiretroviral drugs, however, inherently involves
the risk of drug resistance development. Selection of AZT-resistant
virus during prenatal AZT monotherapy might decrease the
efficacy of future AZT-containing prophylactic and therapeutic
regimens. Furthermore, as both NVP and 3TC rapidly select for
drug-resistant virus, dual- or multi-resistant HIV-1 variants could
emerge. Even minor drug-resistant HIV-1 variants representing
small proportions of the total viral population can impair
virological outcome of HAART [17–24]. Hence, it is mandatory
to characterize the resistance development including minority
species following complex prophylaxis, which to our knowledge
has not been assessed for the WHO-recommended complex
prophylaxis regimen. The aim of this study was to evaluate the
emergence of HIV-1 variants resistant against AZT, NVP and/or
3TC following complex antiretroviral prophylaxis in a rural
district hospital in Kyela, Mbeya Region, Tanzania. For this
purpose, we developed, evaluated and applied highly sensitive
allele-specific PCR (ASPCR) assays enabling the detection and
quantification of three key mutations for AZT resistance (K70R,
T215Y and T215F), the two most common NVP-associated
resistance mutations (K103N and Y181C) and the most frequent
3TC-selected mutation M184V in the pol open reading frame with
a detection limit of ,1% [25,26]. ASPCR assays were adapted for
HIV-1 subtypes A, C and D which are common in Sub-Saharan
Africa and prevalent in Mbeya Region, Tanzania [27]. Subse-
quently, blood specimens from HIV-1-infected pregnant Tanza-
nian women and their vertically infected infants who had taken
complex antiretroviral prophylaxis were analyzed.

Materials and Methods

Ethics Statement
Ethical approval was obtained from the local Mbeya Medical

Research and Ethics Committee, the National Institute for
Medical Research of Tanzania and the ethical committee of
Charité – Universitätsmedizin Berlin in Germany. We obtained
informed written consent from all participants involved in our
study.

Clinical samples and study design
The present study analyzes the HIV-1 resistance development

in HIV-1-infected Tanzanian women and their infants as part of
an observational study at Kyela District Hospital, Mbeya Region
between October 2008 and September 2009 [28]. In March 2008,
complex antiretroviral prophylaxis was introduced as the standard
PMTCT regimen at Kyela District Hospital. According to WHO
PMTCT guidelines from 2006 [14] and National Tanzanian
PMTCT guidelines [16], women were offered complex antiretro-
viral prophylaxis composed of AZT starting in gestational week 28
(26300 mg per day), or as soon as possible thereafter, followed by
NVP-SD (200 mg) at labor onset and AZT (300 mg) every three
hours plus 3TC (150 mg) every 12 hours during labor, followed by
a one week postpartum course of AZT (26300 mg per day) and
3TC (26150 mg per day). Infants received NVP-SD (2 mg/kg)
within 72 hrs after birth and AZT (4 mg/kg per day) for one week.
In case the mother had taken antenatal AZT for less than four
weeks, the infant received postnatal AZT for four weeks. Blood
samples were collected before start of AZT prophylaxis, during
pregnancy, at delivery and at 1–2, 4–6, and 12–16 weeks
postnatally.

202 of 1395 (14.5%) pregnant women tested for HIV-1 during
antenatal care were HIV-1 positive. 122 HIV-positive women
were included in the observational study as they fulfilled the

following eligibility criteria: no HAART, no clinical or immuno-
logical indication to start HAART, i.e. CD4 cell count . = 200
cells/mm3 and clinical categories A or B according to CDC
classification, age . = 18 years, absence of other severe diseases
including psychiatric disorders, written informed consent [28].
Eventually, 87 of the 122 eligible women started AZT prophylaxis
during pregnancy [28]. Women and if applicable their HIV-
infected infants were included in the resistance analysis if they had
taken AZT in pregnancy for at least two weeks, if they had taken
NVP at labor onset, and if a delivery sample and at least two
postnatal (1–2 weeks, 4–6 weeks and/or 12–16 weeks) plasma
samples were available. In the case of home delivery, the last
antenatal specimen was used as ‘‘delivery sample’’. Additionally, a
baseline sample prior to AZT intake had to be amplifiable in order
to establish an individual cut-off for resistance detection [29]. No
woman received any other antiretroviral drugs during the study
period. Children of the study cohort were breastfed.

Detection and quantification of drug-resistant HIV-1
Drug-resistant mutations in the pol open reading frame of HIV-

1 were detected by ASPCR which is an established and widely
used method for the analysis of minor drug-resistant HIV-1
variants [5,29–33]. The assay is composed of two consecutive real-
time PCRs. The outer real-time PCR amplified a reverse
transcriptase (RT) fragment comprising the codons of interest
(codons 22 to 236 of the RT) and was also used for quantification
of viral load. The inner ASPCR was composed of one real-time
PCR reaction with discriminatory ability for mutant sequences
using selective primers and one generic real-time PCR reaction
amplifying both wild-type and mutant sequences using non-
selective primers (Table 1). For each resistance mutation, an
individual inner ASPCR assay had to be designed. In total, seven
ASPCR assays were performed per sample: two AZT mutations
confering high level resistance (T215Y, T215F) and one early
AZT mutation (K70R) confering only low level resistance but
indicating for emergence of AZT-resistance; additionally the two
most common NVP-selected resistance mutations (K103N and
Y181C) and the most frequent 3TC-selected mutation M184V
were analysed [34,35] (details in Materials and Methods S1).

Vertical transmission of HIV-1
The HIV-status of newborns was determined by RT-PCR of

blood specimens collected 4–6 weeks after birth using the above
described outer PCR. Infants with a positive PCR result at 4–6
week were defined to be HIV-infected whereas infants with a
negative PCR result were assumed to be not HIV-infected. If the
4–6 week sample was lacking, an earlier blood sample from
delivery or week 1–2 was analysed. If the earlier sample was PCR-
positive, the child was considered to be HIV-infected 4–6 weeks
after birth as well; if the earlier blood sample was PCR-negative,
the infant was excluded from calculation of transmission rate as
the HIV status week 4–6 after birth could not be determined.

Population-based sequencing and determination of HIV-
1 subtype

For population-based sequencing of the 644 bp product
generated by outer PCR, the automated sequencer 3130xl Genetic
Analyzer (Applied Biosystems, Darmstadt, Germany) and the HIV
SEQ MIX B, D and G of the Viroseq HIV-1 Genotyping System
version 2.0 (Abbott, Wiesbaden, Germany) were applied. To
exclude sample mix-up and to confirm vertical HIV-1 transmis-
sion, phylogenetic analysis of maternal and infant sequences
generated by population-based sequencing was performed using
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the neighbor joining method (Bioedit 7.0.9) [36]. HIV-1 subtyping
of the pol sequence was performed using the REGA HIV-1
subtyping tool [37].

Statistical analysis
The non-parametric Mann-Whitney U test was used to assess

significant differences between two independent samples whereas
the Wilcoxon signed-rank test was used to analyze repeated
measurements. Chi-Square test or Fisher’s exact test were applied
to analyze the independence of categorical variables. Testing of
significant correlations between two continuous variables was done
by Pearson’s correlation coefficient. For descriptive analysis,
median and interquartile ranges (IQR) were calculated. Two-
sided tests were used and p,0.05 was considered statistically
significant. Drug-resistant HIV-1 variants carrying the K103N
(AAC) mutation and the K103N (AAT) mutation were summed to
obtain the total proportion of virus carrying the K103N mutation.
Statistical analysis was carried out using PASW Statistics 18 (SPSS
Inc., Chicago, Illinois, USA).

Results

Sample characteristics
Of 87 women having started complex prophylaxis, 50 women

fulfilled the eligibility criteria and were included in the resistance
analysis, together with their seven vertically HIV-infected infants.

Median baseline characteristics before start of prophylaxis were:
age 28 years (IQR 26–30), HIV-1 viral load 1.256104 copies/mL
(IQR 4.46103–4.56104) and CD4 cell counts of 390 cells/mm3

(IQR 260–492). The median maternal viral load was 2.96103

copies/mL (IQR 1.46103–6.86103) at delivery, 1.76103 copies/
mL (IQR 1.36103–5.86103) 1–2 weeks postpartum, 1.26104

copies/mL (IQR 6.36103–3.76104) 4–6 weeks postpartum and
2.56104 copies/mL (IQR 1.26104–3.76104) 12–16 weeks
postpartum. Compared to baseline viral load, maternal viral loads
at delivery and 1–2 weeks postpartum were significantly lower
(both p,0.001) but reached similar levels at 4–6 weeks (p = 0.45)
and at 12–16 weeks (p = 0.54) postpartum, respectively. Women
received AZT during pregnancy for a median of 53 days (IQR 39–
64). Thirty-seven (74%) women delivered at Kyela District
Hospital whereas 13 (26%) women delivered at home or in
another health facility. Regardless of the place of delivery, all
women took NVP-SD before birth. Thirty-four of 37 women who
delivered at Kyela District Hospital received intrapartum AZT/
3TC. Forty-one women took AZT/3TC postpartum for one week,
while another five women took AZT but not 3TC postpartum. In
total, 86% (43/50) of women took at least one dose of 3TC. Forty-
four (88%) infants received NVP-SD after birth, including all 37
newborns born at Kyela District Hospital and 7/13 infants born at
another place. Forty-five (90%) newborns took AZT postnatally;
42 of whom for one week and three for four weeks. Forty-nine of
50 infants including all HIV-infected infants were breastfed. 28%

Table 1. Oligonucleotide sequences of primers used in outer and allele-specific PCR (ASPCR).

Assay and primer name Nucleotide sequence Nucleotide position (HXB2) Fragment size (bp)

Outer-PCR

HIV-TZ FOR 59- AAACAATGGCCATTRACAGARGA-39+ 2613–2635

HIV-TZ REV 59- GGATGGAGTTCATAICCCATCCA-392 3234–3256 644

K70R ASPCR

TZ-K70 FOR 1 59- GCIATAAARAARAARGACAGYACTC-39+ 2733–2757

TZ-K70R FOR 2 59- GCIATAAARAARAARGACAGYACTCG-39+ 2733–2758

TZ-K70 REV 59- CCCACATCYAGTACTGTYACTGATTT-392 2859–2884 152

K103N ASPCR

TZ-K103 FOR 59- GGCCTGAAAATCCATAYAAYACTCC-39+ 2701–2725

TZ-K103 REV1 59- CCCACATCYAGTACTGTYACTGATTT-392 2859–2884

TZ-K103N(C) REV3 59- CCCACATCYAGTACTGTYACTGATTGG-392 2858–2884

TZ-K103N(T) REV4 59- CCCACATCYAGTACTGTYACTGATTGA-392 2858–2884 184

Y181C ASPCR

TZ-Y181/M184 FOR 59- AAATCAGTRACAGTACTRGATGTRGG-39+ 2859–2884

TZ-Y181 REV1 59- ATCCTACATACAARTCATCCATRTATTGA-392 3092–3120

TZ-Y181C REV3 59- ATCCTACATACAARTCATCCATRTATTGCC-392 3091–3120 262

M184V ASPCR

TZ-Y181/M184 FOR 59- AAATCAGTRACAGTACTRGATGTRGG-39+ 2859–2884

TZ-M184 REV1 59- TCAGATCCTACATAYAARTCATCCA-392 3101–3124

TZ-M184V REV3 59- TCAGATCCTACATAYAARTCATCIGC-392 3098–3124 266

T215Y/F ASPCR

TZ-T215 FOR 59- CACAGGGATGGAAAGGATCACC-39+ 2998–3019

TZ-T215 REV1 59- CTTCTGATGYTTYTTGTCTGGIGT-392 3185–3205

TZ-T215Y REV3 59- CTGATGYTTYTTGTCTGGIGTCTA-392 3182–3205

TZ-T215F REV4 59- CTGATGYTTYTTGTCTGGIGTCAA-392 3182–3205

TZ-T215F REV5 59- CTGATGYTTYTTGTCTGGIGTTAA-392 3182–3205 208

doi:10.1371/journal.pone.0032055.t001
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(14/50) of the women were infected with HIV-1 subtype A1, 68%
(34/50) with subtype C and two women (4%) with subtype D.
None of the 50 baseline samples exhibited preexisting drug-
selected mutations in the RT as determined by population
sequencing.

Quantification of HIV-1 RNA by outer PCR
A standard curve was calculated from eight independent runs

(r2 = 0.992, standard deviation 0.004) by using defined concentra-
tions of HIV-1 NL4.3 virus ranging from 6.56101–107 copies/ml
(details in Materials and Methods S1). The lower limit of detection
for HIV-1 RNA was 650 copies/ml.

226 maternal samples (mean 4.5 samples per woman) were
available, of which 211 were successfully amplified and quantified
in the outer PCR, including 50/50 baseline samples, 48/50
delivery samples, 37/46 1–2 weeks samples (which displayed the
lowest viral load), 47/49 4–6 weeks samples and 29/31 12–16
weeks samples. Out of the seven vertically HIV-1-infected
newborns, 11/15 available samples were amplifiable in the outer
PCR.

Evaluation of ASPCR assays
Accuracy, precision, sensitivity and specificity of

ASPCR. Accuracy, precision and sensitivity (detection limit) of
all ASPCR assays are shown in Table 2. The coefficient of
variation as measurement of inter-assay precision did not exceed
47% (range 12%–47%, data not shown). The lower detection limit
for evidence of minor drug-resistant HIV-1 variants was 0.99% for
K70R, 0.04% for K103N (AAC), 0.01% for K103N (AAT), 0.35%
for Y181C, 0.63% for M184V, 0.33% for T215Y and 0.42% for
T215F (Table 2). Specificity for HIV-1 wild-type controls was
100% for all ASPCR assays.

Some maternal ASPCR results had to be excluded from analysis
due to polymorphisms in primer binding sites (details in Materials
and Methods S1); this affected two women for K103N analysis,
one woman for Y181C analysis and six women for K70R analysis.

Detection limit for drug-resistant HIV-1 in samples with
low viral load

The sensitivity of ASPCR assays for detection of drug-resistant
HIV-1 correlates with the input viral load. In order to avoid false
positive results, we established a threshold considering the respective
viral load of any given sample (see Materials and Methods S1). The
lower detection limit for drug-resistant HIV-1 variants was 0.17%
for samples with 104 copies/ml and 0.97% for samples with 103

copies/ml. If the calculated proportion of drug-resistant HIV-1 fell
below the calculated threshold, it was considered to be false positive

and presence of HIV-1 wild type was assumed; this affected the
detection of K103N and T215Y only once.

Emergence of drug-resistant HIV-1 variants in Tanzanian
women

In total, 20/50 (40%) women exhibited drug-resistant virus
during the observation period (Table 3), including 13/34 (38%)
women infected with HIV-1 subtype C, 6/14 (43%) women with
subtype A1 and 1/2 with subtype D. Genotypic mutations
associated with decreased susceptibility to AZT were detected in
11/50 (22%) women (7/50 (14%) containing K70R alone and 4/
50 (8%) with T215Y/F mutation) whereas 9/50 (18%) women
harbored NVP-resistant virus (K103N and/or Y181C). In 4/50
(8%) women a 3TC-resistance mutation (M184V) was identified,
of these 3/50 (6%) developed drug-resistant HIV-1 strains against
more than one drug (Figure 1).

In 5/20 women, drug-resistant variants were already detectable
at delivery and all of these women carried HIV-1 with AZT-
selected resistance mutations only. In 4/20 women, resistant virus
was detectable for the first time 1–2 weeks after delivery and in
11/20 women resistant variants were not present before weeks 4–
6. 50% of the women with HIV-1 resistance still exhibited drug-
resistant virus at week 12.

The first AZT-selected mutation emerging was the K70R,
which was detectable at delivery in 5/50 women in proportions of
2%–28%. The shortest interval between the start of AZT
prophylaxis and detection of the K70R mutation was 28 days
(Table 3, no 3). T215Y and T215F mutations mostly emerged
later and were measurable 1–6 weeks postpartum in 4/50 (8%)
women in low proportions of 0.5%–3.9%. One woman displayed
both AZT resistance mutations K70R and T215F in the viral
genome, which were present already at delivery and persisted
throughout the observation period at low frequencies (Table 3,
no 5).

The total median viral load reduction from baseline to delivery
was 0.6 log10; women with AZT-resistant virus at delivery
displayed significantly lower reduction (0.1 log10) compared to
women without AZT resistance at delivery (p = 0.045, Mann-
Whitney U-test). Accordingly, women with AZT-resistant virus at
delivery displayed significantly higher median viral load at delivery
(29400 copies/ml) compared to women without AZT resistance at
delivery (2680 copies/ml; p = 0.021, Mann-Whitney U-test).
Furthermore, women exhibiting AZT-resistant virus at delivery
had lower CD4 cell counts at baseline (331 cells/mm3) versus
women without AZT resistance (406 cells/mm3); this difference
marginally failed to reach statistical significance (p = 0.077, Mann-
Whitney U-test).

Table 2. Accuracy, inter-assay variability and detection limit of ASPCR assays to detect drug-resistant HIV-1 variants calculated
from 7–9 independent experiments.

Input mutant allele (%) Measured mean mutant allele (% ± standard deviation)

K70R (AGA) K103N (AAC) K103N (AAT) Y181C (TGT) M184V (GTG) T215Y (TAC) T215F (TTC)

100 110 633.6 115 648.9 102 620.4 108 623.7 112 624.5 116 640.9 115 631.5

10.0 9.35 62.74 10.2 62.59 10.9 63.94 9.28 62.72 8.38 61.02 9.17 62.63 11.7 65.40

1.00 1.11 60.42 0.85 60.23 1.07 60.42 1.12 60.39 1.11 60.22 1.09 60.46 1.01 60.47

0.10 0.29 60.08 0.12 60.05 0.10 60.03 0.30 60.08 0.27 60.03 0.12 60.06 0.11 60.06

0 0.19 60.08 0.01 60.01 0.01 60.01 0.08 60.06 0.23 60.03 0.05 60.03 0.09 60.04

Detection limit (%) 0.99 0.04 0.01 0.35 0.63 0.33 0.42

doi:10.1371/journal.pone.0032055.t002
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Figure 1. Distribution of drug-resistant HIV-1 variants after complex antiretroviral prophylaxis in 50 Tanzanian women.
doi:10.1371/journal.pone.0032055.g001

Table 3. Drug-resistant HIV-1 variants in plasma samples of 20/50 women after complex antiretroviral prophylaxis as analyzed by
allele-specific PCR (ASPCR).

No
Sub-
type

Viral load
delivery
(cop/ml)

Antenatal
AZT-intake
(days) Results of population sequencing and ASPCR

Delivery Week 1–2 Weeks 4–6 Weeks 12–16

popseq ASPCR popseq ASPCR popseq ASPCR popseq ASPCR

1 C 1,546 58 K70R 13% K70R wt - wt

2 C 29,400 77 K70R 11% K70R wt 0.7% M184V wt -

3 A1 97,450 28 K70R 14% K70R wt wt 5.4% K70R -

4 A1 7,915 81 K70R 28% K70R wt K70R 14% K70R wt

5 C 37,800 81 wt 2.0% K70R
0.5% T215F

K65R 0.5% T215F wt 2.3% K70R wt 0.7% T215F

6 A1 4,806 43 wt wt 0.5%T215Y wt wt

7 A1 6,400 87 wt wt 10% K103N wt 0.8%Y181C -

8 C 3,790 49 wt wt 0.4% Y181C wt 1.3% K103N -

9 C 21,800 14 wt wt 0.6% M184V wt 3.4% K103N wt

10 A1 3,455 95 wt wt wt 4.9% K70R -

11 C 1,002 92 wt wt wt 2.7% K70R -

12 C 1,079 33 wt - wt 0.8% T215F wt

13 C 4,625 32 wt wt wt 3.9% T215Y wt

14 A1 646 65 wt wt wt 2.1% K103N -

15 C 2,150 67 wt wt wt 3.4% K103N -

16 C 2,875 49 wt wt K103NY181CV106A 36% K103N
20% Y181C
0.6% M184V

K103N 12% K103N
4.0% K70R

17 D 1,480 48 wt - wt wt 0.2% K103N

18 C 1,258 38 wt - wt wt 0.4% Y181C

19 C 1,055 56 wt wt wt G190A 1.5% Y181C

20 C 47,050 56 wt wt wt wt 1.0% M184V

wt = wild-type HIV-1.
- = no sample/not amplifiable.
doi:10.1371/journal.pone.0032055.t003
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The median number of days of antenatal AZT intake did not
differ significantly between the five women who displayed AZT
resistance mutation at delivery (77 days) and the 45 women
without AZT-resistance at delivery (50 days; p = 0.20, Mann-
Whitney U-test). However, the frequency of AZT resistance at
delivery differed significantly in women with antenatal AZT intake
of at least 10 weeks (3/10 = 33%) as compared to women who took
antenatal AZT for less than 10 weeks (2/40 = 5%; p = 0.048,
Fisher’s exact test).

NVP resistance mutations K103N and/or Y181C were detected
in postpartum samples of nine (18%) women, but the proportion of
resistant variants never exceeded 5% during the study period in 7/
9 (78%) of these women. In 2/9 (22%) women higher proportions
were detectable (Table 3, nos. 7, 16). One of these women (no. 16)
did take NVP-SD and AZT/3TC during labor, but did not receive
the postpartum AZT/3TC-tail to avoid NVP-resistance develop-
ment. This woman exhibited dual-resistant virus against NVP and
3TC at week 4–6 and dual-resistant virus against NVP and AZT
at month three. 3/9 women who had not taken AZT and/or 3TC
postpatum (Table 3, nos. 16, 17, 19) developed NVP-resistance
compared to 6/41 women who took the postpartal tail correctly
(p = 0.33, Fisher’s exact test).

The 3TC-resistance mutation M184V was detected in four
women (8%) in low proportions of 0.6%–1.0% and was no longer
detectable in 3/4 women at week 12–16.

In 70% (14/20) of the women who developed drug-resistant
HIV-1 variants the relative proportions of resistant populations
never exceeded 5% during the whole study period. The range of
proportions of drug-resistant HIV-1 variants was 0.2–36% for
K103N mutants, 0.4–20% for Y181C mutants, 0.6–1.0% for
M184V mutants, 2.0–28% for K70R mutants, 0.5–3.9% for
T215Y mutants and 0.5–0.8% for T215F mutants, respectively. In
total, 34 drug-resistant variants were detected; out of these, 12
were present in proportions ,1%, 12 in proportions of 1–5%, and
10 in proportions of .5%.

Altogether, complex prophylaxis resulted in the development of
drug resistance in 40% of HIV-infected women. Out of these, 45%
carried HIV-1 with AZT-resistance mutations, 35% showed NVP
single drug-resistance, 5% 3TC single drug-resistance and 15%
dual or triple drug-resistance in the viral genome (Figure 1). A
longer duration of antenatal AZT intake seemed to increase the
risk for selection of AZT-resistance mutations. In most women
drug-resistant virus was present as minority species only.

Vertical transmission and emergence of drug-resistant
HIV-1 variants in infected infants

Blood specimens collected 4–6 weeks after birth were available
for 47/50 newborns; 5 were tested to be HIV-positive (no. 5, 6,
13, 21, 22; Table 4). In three additional cases, the 4–6 week
sample was lacking, and an earlier sample (taken at delivery, 3
days or 2 weeks postpartum) was analyzed respectively: two of
these samples were HIV-PCR positive, those infants were
therefore assumend to be HIV-1 infected (no. 23, 24; Table 4).
The third child was HIV-PCR negative, this infant was excluded
from calculation of the transmission-rate. The overall HIV-
transmission rate 4–6 weeks after birth was 14.3% (7/49 infants).

Vertical transmission was proven by phylogenetic analysis of
maternal and infant HIV-1 sequences (data not shown). We did
not observe a correlation between the vertical transmission risk of
HIV-1 with either maternal CD4 cell count at enrolment, viral
load at delivery or viral load reduction during pregnancy
(p = 0.131; p = 0.388; p = 0.360, Mann-Whitney U-test) or with
the presence of AZT-resistant HIV-1 variants (p = 0.546, Fisher’s
exact test). All children were at least exposed to maternal NVP-SD

during delivery, and 44/50 (88%) infants took an additional dose
of NVP postnatally. Eleven plasma samples of the seven HIV-
infected infants were amplifiable in outer PCR and were available
for subsequent ASPCR assays (Table 4). Three of 7 infants
developed drug-resistant virus (Table 4, nos. 5, 21 and 22). Two
infants (nos. 21 and 22) developed NVP-resistant HIV variants
while both mothers exhibited wild-type virus only during the
observation time. To one of these infants (no. 22) neither postnatal
NVP nor AZT was administered, but the child developed high
proportions of NVP-resistant virus at week 4–6. The third
newborn (no. 5) carried resistant virus against AZT (K70R) and
NVP (K103N) 4–6 weeks after birth; the mutation K70R was also
detectable in the maternal delivery sample.

Results of population-based sequencing and comparison
with ASPCR results

Population-based sequencing was conducted on all maternal
and infant samples with drug resistance mutations as determined
by ASPCR (n = 34, Table 3 and Table 4) and additionally on 27
samples without indication of drug-resistant virus in the ASPCR
(data not shown).

In all samples harboring resistant virus in proportions .20%
according to ASPCR assays, population-based sequencing con-
firmed the presence of drug-resistant virus, and the presence of
mutations as identified by population-based sequencing was
always detected in the ASPCR assays (Table 3). All samples
without detectable drug-resistant HIV-1 or with drug-resistant
variants in proportions , = 10% in the ASPCR were identified to
contain HIV wild-type only by population sequencing (Table 3).

We also checked population sequences for additional AZT/
3TC/NVP-selected resistance mutations like M41L, D67N,
K70R, L210W, T215Y/F and K219QE for AZT, K65R for
3TC and L100I, K101P, V106A/M, V108I, Y188C/L/H and
G190A for NVP. Additional mutations in the HIV-1 genome were
detected in three women: One woman each harbored the V106A
(together with K103N, Y181C and M184V), the K65R (together
with T215F) and the G190A (together with Y181C) mutation,
respectively (Table 3, nos. 5, 16, 19).

Discussion

Since 2006, WHO PMTCT guidelines recommend complex
antiretroviral prophylaxis with AZT monotherapy during preg-
nancy, NVP-SD at labor onset, AZT/3TC during labor and for
one week after delivery [14,15]. Since AZT monotherapy and
usage of drugs with low genetic barriers like NVP and 3TC might
facilitate the formation of drug resistance, we aimed at monitoring
the emergence and persistence of key resistance mutations selected
by AZT, NVP and 3TC in 50 Tanzanian women from enrolment
(before start of prophylaxis) up to three months postpartum. To
our knowledge, this is the first study analyzing drug-resistance
including minority species in women who had taken the WHO
recommended complex prophylaxis.

AZT resistance
Emergence of AZT-resistant virus after starting AZT mono-

therapy during pregnancy has been reported to be low with less
than 3% occurrence [38,39]. Applying our highly sensitive
ASPCR assays capable of detecting minority species ,1%, we
detected HIV-1 with AZT-resistance mutations in a much higher
proportion of women (11/50 = 22%). However, population-based
sequencing, detecting minor variants in proportions only above
20%, revealed AZT-resistance mutations (K70R) in HIV-1 of only
4 women (8%). Furthermore, the women in our study displayed
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lower CD4 cell count levels (median: 390 cells/mm3) compared to
the relatively immunocompetent women in other studies (median:
.500 cells/mm3) [38,39]. Advanced disease stage and low CD4 cell
counts have been shown to be associated with a higher frequency of
AZT-resistance [40,41]. This is in accordance with our finding, that
women carrying virus variants with AZT-selected mutations at
delivery displayed a 10fold higher median viral load compared to
women without AZT resistance mutation at delivery (p = 0.021,
Mann-Whitney U-test). Furthermore, these women tended to
display lower CD4 cell counts (median: 331 cells/mm3) in
comparison to women without AZT resistance mutations (median:
406 cells/mm3; p = 0.077, Mann-Whitney U-test). In the most
recent WHO guidelines (2010), AZT prophylaxis is recommended
to start at a higher CD4 cell count level of 350 cells/mm3 instead of
200 cells/mm3 as in the previous 2006 guidelines. This might
contribute to reduced emergence of AZT resistant HIV-1.

The shortest interval between start of AZT exposure and the
emergence of AZT-selected mutation K70R was 28 days only.
AZT resistance mutations were detected more frequently in HIV-
1 of women who had taken AZT during pregnancy for longer than
10 weeks. In fact, in 30% of these women HIV carried AZT-
resistance mutations at delivery. It is well known from other studies
that the duration of AZT intake is associated with resistance
development [40,42,43].

K70R was the most frequently observed AZT mutation in
samples taken at delivery (n = 5), while T215Y and T215F
mutations mostly emerged later during the observation period.
In fact, the K70R mutation is considered to be an early AZT
mutation and indicates the emergence of AZT-resistance followed
by M41L, T215Y/F and L210W [34]. This might be due to the
fact that for K70R one base substitution is sufficient (AAA/AAG
to AGA/AGG) while for T215Y and F two base mutations are
required (ACC to TAC = .T215Y or TTC = .T215F) [34]. 7/
11 women with HIV-1 carrying AZT-selected mutants displayed
the K70R mutation in proportions of 3%–28%, whereas T215Y/
F-carrying virus was harbored in lower proportions of 0.5%–3.9%
by four women. It is important to note that the K70R mutation
affecting HIV-1 of 7/50 (14%) women confers low level resistance
towards AZT, whereas T215Y and T215F mutations affecting
virus of 4/50 (8%) women result in high-level resistance [34,35].
While emergence of K70R is transient, AZT-resistant mutation
T215Y is reported to persist for several months up to more than
one year even after AZT discontinuation [44–46].

Antenatal AZT is supposed to reduce in-utero HIV-1
transmission. So far, it is not fully understood how exactly AZT
is preventing in-utero transmission. Viral load reduction by AZT
in pregnancy has been shown to be modest with 20.24 log10 and
20.3 log10 by Sperling [47] and Clarke [48] and with 20.6 log10

Table 4. Drug-resistant HIV-1 variants in plasma samples of seven children HIV-1 infected by vertical transmission as analyzed by
allele-specific PCR (ASPCR).

No
Sub-
type

Mother/
child

Maternal
CD4 count
(cells/ml)

Maternal
viral load
(cop/ml)

Ante-
natalAZT
(days)

Drug intake
during labor

Drug intake
postnatal Results of ASPCR

delivery week 1–2 week 4–6
week
12–16

5 C mother 344 37,800 81 NVP-SD AZT/3TC 2.0% K70Ru
0.5% T215Fu

0.5% T215Fu 2.3% K70Ru 0.7%
T215Fu

child NVP-SD AZT - - 15% K70R *
3.4% K103Nu

2.7%
K70Ru

6 A1 mother 572 4,806 43 NVP-SD AZT/
3TC

AZT/3TC wt 0.5%T215Yu wt wt

child NVP-SD AZT n/a - wt n/a

13 C mother 678 4,625 32 NVP-SD AZT/
3TC

AZT/3TC wt wt 3.9% T215Yu wt

child NVP-SD AZT wt - wt wt

21 A1 mother 231 14,850 33 NVP-SD AZT AZT/3TC wt wt wt -

child NVP-SD AZT - - 0.9% K103Nu
2.5% Y181Cu

-

22 C mother 211 1,720 60 NVP-SD - wt n/a wt -

child - - - 12% K103Nu
12% Y181Cu

-

23 C mother 612 2,110 20 NVP-SD AZT/
3TC

AZT/3TC wt wt wt wt

child NVP-SD AZT n/a wt - wt

24 A1 mother 200 5,385 46 NVP-SD AZT/
3TC

AZT/3TC wt wt wt -

child NVP-SD AZT n/a wt # - -

wt = wild-type HIV-1.
n/a = not amplifiable.
- = no sample.
# = sample collected at day 3.
* = also detected by population-based sequencing.
u= not detected by population-based sequencing.
doi:10.1371/journal.pone.0032055.t004
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in our study. Therefore, since AZT readily crosses the placenta
[49] it is rather conceivable that the child is at least also protected
by pre- and post-exposure prophylaxis than by the maternal viral
load reduction at delivery.

Since the AZT resistance mutation T215Y was shown to persist
for several month [44–46], resistant variants could be re-selected if
exposed to prophylactic AZT in future pregnancies or during
subsequent AZT-containing HAART if initiated within this period
after AZT exposure. This is of special importance for Sub-Saharan
African populations as many women give birth to more than one
child; AZT mutations may accumulate over time if AZT is used
during consecutive pregnancies.

Our results are conflicting with the WHO statement that ‘‘the
available evidence suggests that the time-limited use of AZT
monotherapy during pregnancy for prophylaxis (for approximately
six months, or less) should not be associated with a significant risk
of developing AZT resistance’’ [15]. Compared to 2006, WHO
guidelines from 2010 recommend to prepone the start of antenatal
AZT to week 14 instead of week 28 [14,15], corresponding to a 6-
month AZT monotherapy. According to our findings, prolonga-
tion of antenatal AZT may increase the frequency of AZT-
resistant virus.

NVP and 3TC resistance
NVP-selected resistance mutations that cause cross-resistance to

other NNRTIs are a major concern as NNRTIs are cornerstones
of first-line HAART in resource-constrained settings. According to
WHO guidelines, AZT/3TC should be taken by women for seven
days postpartum to counteract the long presence of subtherapeutic
NVP concentrations due to NVP’s long half-life. NVP resistance
was detected in 18% in our study group, which is a remarkable
reduction compared to up to 87% after NVP-SD intervention
[10]. The efficacy of postpartum short-course AZT/3TC-tails in
reducing NNRTI resistance after intrapartum NVP-SD has
indeed been shown in other studies [50,51]. In our study group,
8% of women exhibited 3TC-resistant virus in very low
proportions of ,1% only. The M184V mutation results in
complete resistance to 3TC and the presence of postpartum
M184V in proportions .20% has been correlated to subsequent
treatment failure using 3TC-containing HAART [52]. However,
the clinical and virological relevance of 3TC-resistant virus in low
proportions is not known. Moreover, M184V is known to be
rapidly lost upon withdrawal of 3TC.

Multiple drug resistance
In three women, resistant virus against more than one drug

emerged during the observation period. The main risk factor for
resistance development in general is incomplete adherence. The
most severely affected woman with respect to HIV-1 resistance
development (Table 3, no. 16) did not take AZT/3TC postpar-
tum; it seems reasonable to assume that this fostered resistance
development. It could be argued that the resistance development
in this woman cannot be attributed to the effect of complex
prophylaxis as it was not taken correctly. However, this might as
well realistically reflect the existing conditions in rural settings and
the challenges to adhere to a complex drug regimen.

Minor drug resistance
In 70% (14/20) of the women with development of drug-

resistant HIV-1, the resistant variants never exceeded proportions
of 5%. The clinical relevance of these minority species is not fully
understood and controversially discussed [17–24,53]. There is
evidence that minor drug-resistant variants can re-emerge in
subsequent regimens leading to failure of salvage therapy [21].

While Metzner et al. [53] reported of successful treatment despite
pre-existing minor K65R, K103N and M184V-variants in
German Truvada cohort, several other studies have shown that
the presence of drug-resistant minor variants increased the risk for
subsequent treatment failure for NNRTI- [18–24], protease
inhibitor- [17,54,55] and AZT-containing treatment [56]. While
a single NNRTI-resistance mutation confers high-level resistance
to some NNRTIs (an association with virologic failure in
efavirenz-containing regimen was found for K103N variants at
frequencies of . = 0.5% by Halvas et al. [57]), resistance to PI and
AZT requires an accumulation of several mutations [58]. It is not
yet fully understood at which threshold minor resistant viral
populations may become clinically relevant. Furthermore, the
threshold might be different for each resistance mutation and also
depend on the subsequent treatment regimen. More evidence-
based data are necessary to determine the role of minor drug-
resistant HIV-1 in the response to antiretroviral therapy.

Vertical transmission and emergence of drug-resistant
HIV-1 variants in infected infants

The overall transmission rate in this study cohort of 50 mother-
infant pairs 4–6 weeks after delivery was 14.3% and thus
unexpectedly high. Neither a low CD4 cell count nor a high viral
load at delivery in the transmitting mothers could be identified as
transmission risk factors. Of 50 infants, all but one were breastfed,
including all HIV-infected infants. We could not define the exact
time of transmission for 4/7 infants due to lacking samples of
delivery and/or of week 1–2. However, at least 3/7 children were
born HIV uninfected (HIV-PCR was negative in the delivery
sample). We therefore assume that postpartal transmission via
breastmilk is the main reason for the high transmission rate.

Three of 7 infants developed drug-resistant HIV-1. In 2/3
newborns with NVP-resistant variants, mutations most likely
emerged in the infants as both mothers exhibited wild-type HIV-1
only during the observation period. One infant, who did not take
AZT and NVP postnatally (no. 22) exhibited NVP-resistant virus
in high proportions at week 4–6 which was selected most likely by
the maternal NVP dose. NVP rapidly crosses the placenta,
resulting in high NVP concentrations in the infant’s blood at birth
[59,60]. Postnatal NVP dosing of the infant only slightly elevated
the NVP levels in infants [61]. Therefore an infant whose mother
has taken NVP-SD during labor can develop NVP-resistant virus
even without postnatal ingestion of NVP.

Conclusions
Although complex antiretroviral prophylaxis decreased NVP-

selected resistance compared to NVP-SD alone, HIV-1 with AZT-
resistance mutations emerged in a substantial proportion of
women. This may impact negatively future AZT-containing
prophylaxis and HAART of the mother. In accordance with
Katzenstein [62], we believe that it should be considered to
substitute AZT monotherapy in pregnancy by HAART. There is
growing evidence that starting HAART regardless of CD4 cell
count level is highly beneficial for all HIV-infected individuals
[63–66]. Additionally, HAART during pregnancy seems to be safe
and advantageous for maternal and infant health [67–70]
although it is important to further monitor the long-term effects
of antiretroviral drugs on HIV-exposed but uninfected children
[71]. In the light of the accumulating knowledge on the
detrimental nature of untreated HIV-1, it seems justified to treat
this infectious disease as soon as it is diagnosed instead of delaying
medication until destructions of immune functions have taken
place. Therefore, we advocate for HAART for all HIV-positive
pregnant women; this equals ‘‘option B’’ in WHO guidelines of
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2010 [15]. However, beyond that HAART should be considered
lifelong and not be stopped after delivery, as discontinuation
increases the risk of future treatment failure when restarting
HAART [72]. This approach would minimize the risk of HIV-1
transmission and of resistance development, would allow breast-
feeding and have an overall beneficial impact on HIV-1-infected
mothers and their children.
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Abstract

Introduction: Tanzanian guidelines for prevention of mother-to-child-transmission of HIV (PMTCT) recommend an
antiretroviral combination regimen involving zidovudine (AZT) during pregnancy, single-dosed nevirapine at labor onset,
AZT plus Lamivudine (3TC) during delivery, and AZT/3TC for 1–4 weeks postpartum. As drug toxicities are a relevant
concern, we assessed hematological alterations in AZT-exposed women and their infants.

Methods and Materials: A cohort of HIV-positive women, either with AZT intake (n = 82, group 1) or without AZT intake
(n = 62, group 2) for PMTCT during pregnancy, was established at Kyela District Hospital, Tanzania. The cohort also included
the infants of group 1 with an in-utero AZT exposure $4 weeks, receiving AZT for 1 week postpartum (n = 41), and infants of
group 2 without in-utero AZT exposure, receiving a prolonged 4-week AZT tail (n = 58). Complete blood counts were
evaluated during pregnancy, birth, weeks 4–6 and 12.

Results: For women of group 1 with antenatal AZT intake, we found a statistically significant decrease in hemoglobin level,
red blood cells, white blood cells, granulocytes, as well as an increase in red cell distribution width and platelet count. At
delivery, the median red blood cell count was significantly lower and the median platelet count was significantly higher in
women of group 1 compared to group 2. At birth, infants from group 1 showed a lower median hemoglobin level and
granulocyte count and a higher frequency of anemia and granulocytopenia. At 4–6 weeks postpartum, the mean neutrophil
granulocyte count was significantly lower and neutropenia was significantly more frequent in infants of group 2.

Conclusions: AZT exposure during pregnancy as well as after birth resulted in significant hematological alterations for
women and their newborns, although these changes were mostly mild and transient in nature. Research involving larger
cohorts is needed to further analyze the impact of AZT-containing regimens on maternal and infant health.
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Introduction

Mother-to-child transmission of HIV has become a relatively
rare event in most resource-rich countries, where vertical
transmission nowadays occurs in less than 2% of cases [1]. This
decline is based on a combination of several strategies, including
early maternal diagnosis through routine counseling and HIV
testing during antenatal care (ANC), provision of antiretroviral
therapy (ART) or of antiretroviral (ARV) prophylaxis, elective
Caesarean section and the complete avoidance of breastfeeding.
The high requirements for this complex range of measures, such as
access for women to a health care system, broad coverage of HIV
testing among pregnant women, CD4 cell count monitoring, or
affordable and sustainable replacement feeding [2], make it
difficult to successfully reduce mother to child transmission of

HIV (PMTCT) in resource-limited countries. Indeed, in 2010,
ARV coverage for PMTCT was only about 50% in sub-Saharan
Africa [3]. The implementation of a single-dose (sd) administration
of the non-nucleoside reverse transcriptase inhibitor nevirapine
(NVP) to mothers and babies in resource-poor countries has been
a considerable step forward in PMTCT. However, although
representing a simple, feasible and cost-effective regimen [4], a
major problem of sdNVP is the high risk of inducing drug-resistant
HIV variants. It has been shown that the addition of nucleoside
reverse transcriptase inhibitors, such as Zidovudine (AZT) and
Lamivudine (3TC), can significantly reduce this risk [5]. Further-
more, combining several drugs is more effective in reducing HIV-
transmission and can result in transmission rates as low as 6.5% at
six weeks postpartum [6].

PLOS ONE | www.plosone.org 1 February 2013 | Volume 8 | Issue 2 | e55633



Since 2006, the World Health Organization (WHO) PMTCT
guidelines for resource-poor settings follow those findings and
recommend a sequential combination prophylaxis, including
antenatal AZT intake, sdNVP during labor and intra/postpartum
AZT/3TC. Despite the clear advantages of this regimen in terms
of efficacy and reduction in NVP resistance, it has nevertheless
several drawbacks. As drug intake is supposed to last from
pregnancy until the postpartum period, requiring different drugs
at specific points in time, this prolonged and complex process can
make adherence difficult [2,7]. Another important issue is that a
combination prophylactic regimen obviously results into a much
higher drug burden for mothers and infants than the previously
recommended regimen. Previous retro- and prospective studies
have shown that AZT interferes with hematopoiesis, resulting in
decreased levels for several cell lineages in pregnant women [8,9].
Other studies have shown an impact on hematopoiesis with
varying persistence in infants exposed to AZT in utero or
postnatally [10,11,12,13]. Connor et al. [12] and Sperling et al.
[14] found a transiently lower hemoglobin level that resolved
within the first six to 12 weeks of age. Regarding other cell
lineages, especially granulocytes, Le Chenadec et al. found that
decreased levels persisted up to the age of 18 months [11]. As
granulocytes are crucial for the immune response, with deficiency
often leading to severe bacterial infections, and anemia can have
life-threatening potential, monitoring is a crucial aspect, particu-
larly in settings where treatment options are limited.

The United Republic of Tanzania, one of the poorest countries
in the world [15], is also one of the countries most affected by the
global HIV/AIDS epidemic. The general HIV prevalence is
estimated to be 6%, while the prevalence of HIV in pregnant
women is estimated to be 10% in major urban areas and 6% in
less densely populated regions [16]. In 2008, Tanzania changed its
PMTCT standard recommendation from sdNVP to a combina-
tion regimen in accordance with the 2006 WHO guidelines.

The aim of this study was to assess the potential hematological
toxicity of the combination PMTCT regimen in women and
infants in a peripheral setting in Tanzania.

Methods

Ethics Statement
The study was approved by the Tanzanian National Institute of

Medical Research, by the Mbeya Region Ethical Committee, and
by the Ethical Commission of Charité-Universitätsmedizin Berlin.
Written informed consent was obtained from all participants, and
all data remained confidential.

Setting, Procedures and Recruitment
An observational prospective follow-up study was conducted

from September 2008 until September 2009 at the Kyela District
Hospital (KDH) in Mbeya Region, Tanzania to accompany the
introduction of ARV combination prophylaxis for MTCT with
regard to feasibility and adherence [7]. Within the larger frame of
this research, we performed a sub-study assessing hematological
alterations linked to this regimen in mothers and infants.

Mbeya is among the regions in Tanzania with the highest HIV
prevalence, estimated at around 9% of the general population
[17]. KDH is a rural health facility in the south of Mbeya Region.
Each month, approximately 130 pregnant women attend the ANC
services of KDH for the first time. This hospital has been
providing PMTCT services supported by the German Agency for
International Cooperation since 2001. Combination ARV pro-
phylaxis was introduced in KDH in March 2008 following the
updated 2008 Tanzanian Guidelines.

Routine PMTCT procedures at KDH include voluntary HIV
counseling and testing for all new antenatal care (ANC) clients
visiting KDH. CD4 cell counts were performed for pregnant
women identified as HIV-positive to assess their eligibility for
either ART or ARV prophylaxis. Women with CD4 cell counts
above 200 cells/mm3 (and therefore not requiring ART for their
own health) were eligible for ARV prophylaxis. Administration of
AZT was initiated at week 28 of gestation or anytime thereafter.
During delivery, the women received sdNVP, AZT and 3TC and
were given a take-home postpartum tail of AZT for seven days.
Women first identified as HIV-positive at the time of delivery, who
therefore had no previous ARV intake, were also offered intra/
postpartum ARV prophylaxis. Infants received sdNVP within 72
hours after birth and AZT syrup for one week if the mother had
taken AZT for at least four weeks during pregnancy and for four
weeks if the mother had taken AZT for less than four weeks.

The cohort included HIV-positive pregnant ART-naı̈ve women
aged 18 years or older who attended the ANC clinic and/or
delivered in the maternity ward at KDH during the study period,
who were eligible for ARV prophylaxis according to the guidelines
and who had given informed consent. Women enrolled in ANC
with pre-delivery AZT intake were assigned to group 1, and those
who had no ARV prophylaxis during pregnancy but received
drugs during delivery at the KDH maternity ward were assigned
to group 2.

Group 1-women were included for the analysis of hematological
changes during pregnancy. Infants of women participating in the
study were eligible for analysis if they had received prophylaxis
according to the guidelines, i.e. group 1-infants with postnatal
AZT intake of one week and group 2-infants with four weeks (see
graph 1). In accordance with the WHO guidelines for postnatal
AZT prophylaxis in infants, the analysis of adverse effects in group
1-infants only included those with at least four weeks in utero
exposure.

Samples and Data Collection
Data on the socio-demographic and clinical background of the

women were collected through standardized, structured question-
naires for the stages of ANC, delivery and postpartum follow-up.
The questionnaires were developed and pretested by the authors.
Self-observed adverse events, adherence to ARV prophylaxis, and
concomitant drug use were recorded at regular intervals through-
out pregnancy (group 1), delivery (group 1 and 2) and during the
postpartum period (groups 1 and 2). Maternal blood samples from
group 1 were taken weekly in the first month of AZT intake,
monthly throughout pregnancy, once at delivery, and at months
one and three post-delivery. Blood was drawn from group 2
participants at delivery and again monthly during the first three
months postpartum. Laboratory analysis included full blood
counts for all samples, and CD4 cell counts were conducted with
samples taken during the first ANC visit (group 1) and at delivery
(groups 1 and 2). The comparability of the groups was confirmed
with regard to the socio-demographic situation, CD4 cell count as
well as malarial symptoms and malarial prophylaxis.

For the infants, cord blood was taken at delivery and further
blood samples were taken during follow-up visits at one and three
months of age. Full blood cell counts were performed for both
mothers and infants. HIV-PCR was performed with samples from
newborns taken at delivery and at one month of age and HIV-
infected infants were excluded from the analysis as HIV infection
itself causes hematological changes.

Sample taking and data collection in questionnaires and forms
was performed by staff within the respective wards at KDH; a
trained study nurse supervised this process.

Hematological Changes during PMTCT Intervention
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Statistical Analysis
Data was analyzed using the statistical software Stata version 11.

Descriptive analysis of maternal baseline information was
performed to characterize the study population. Baseline charac-
teristics of both groups were compared using the student’s t-test,
Mann-Whitney-U-test or Fisher’s exact test.

Fixed effects models were used to follow the development of
maternal hematological values during AZT intake, taking into
account correlation within the woman herself and the variability
between women. Coefficients are expressed as an alteration of
parameter per day if the linear model was significant. Student’s t-
test for independent variables was used to compare hematological
values of women by group at birth and to compare hematological
parameters of infants at birth and one month of age. For data at
three months of age, Mann-Whitney-U-test was performed, taking
the dropout rate into account. To classify ARV induced toxicities,
tables from the Division of AIDS (DAIDS) were used for grading
the severity of adverse events in adults and infants [18]. At birth,
hemoglobin levels between 10 g/dl and 8.5 g/dl were defined as
mild anemia (grade 1); 8.4 g/dl to 7.5 g/dl as moderate anemia
(grade 2); 7.4 g/dl to 6.5 g/dl as severe anemia (grade 3) and
hemoglobin levels less than 7.4 g/dl as potentially life threatening
anemia (grade 4). Granulocyte counts between 5/nl and 4/nl were
defined as grade 1 toxicity; less than 4/nl to 3/nl as grade 2
toxicity; less than 3/nl to 1.5/nl as grade 3 toxicity and counts less
than 1.5/nl as grade 4 toxicity. For follow-up visits, toxicity
thresholds for granulocyte counts and hemoglobin levels were
adjusted to age according to the DAIDS tables. Frequencies of
adverse events were compared using Fisher’s exact test. Prema-
turity was defined as delivery before 37 weeks of gestation. The
Kaplan-Meier approach was used to estimate the cumulative
proportion of infected infants at six weeks of age, representing
short term efficacy [19]. As recommended by the Ghent Group
[19,20], any PCR result collected from infants between 29 and 60
days of age in combination with earlier results were used for this
estimation. A p-value below 0.05 was considered statistically
significant.

Results

Study Population
During the study period, 1395 pregnant women were counseled

and tested for HIV infection at the ANC clinic of KDH [7]. HIV
infection was diagnosed in 220 women (15.8% of all tested), of
whom 121 met the eligibility criteria for this study. The study
population during all stages of observation is explained in Figure 1.

Eighty-two women had a pre-delivery AZT intake of at least
one week and were therefore assigned to group 1. The median
CD4 cell count at enrolment in this group was 390 (inter-quartile
range [IQR]: 267 to 515) cells/mm3 and the median gestational
age at start of AZT intake was 29.1 (IQR: 28.0 to 32.2) weeks.
Hematological parameters and the specifications of adverse events
of these 82 women were analyzed during pregnancy. Fifty-five
women of group 1 delivered at KDH with 41 infants born within
this group having been exposed to AZT in utero for at least four
weeks and identified as HIV-negative at birth. The median
duration of AZT exposure was 57 (IQR: 43 to 71) days during
pregnancy and the median CD4 cell count in mothers at delivery
in this group was 350 (IQR: 252 to 490) cells/mm3. Thirty-nine of
the 41 mother-infant pairs returned for follow-up after one month.
Two of the 39 infants were tested HIV positive at that point and
were excluded from the analysis. At one month of age, 37 infants
remained for assessing hematological alterations. Sixteen group 1-

infants were available for blood analysis upon their three month
return visit.

In the same period, 62 women meeting the inclusion criteria
were enrolled at the time of delivery and assigned to group 2. The
median CD4 cell count in these women was 262 (IQR: 194 to 474)
cells/mm3. Four infants of this group were identified as HIV-
positive at delivery and were excluded from the cohort, leaving 58
infants available for the analysis at the time of birth. Twenty-three
HIV-negative infants remained for analysis at one month of age,
and 12 were returned for follow-up at three months.

Baseline characteristics of both groups, including age, weight,
years of education, marital status and malarial symptoms did not
differ significantly among the two groups (tables 1 and 2).

Hematological Alterations in Women
Eighty-two women in group 1 had an AZT intake of at least one

week and were included in the analyses of blood alterations.
Coefficients for alterations in blood components over time were
estimated with a fixed effects model for the duration of AZT
intake. Mean corpuscular volume (MCV) (coef.: 0.0636fl per day,
p,0.001), red distribution width (RDW) (coef.: 0.0655% per day,
p,0.001) and platelet count (coef.: 1.0309/nl per day, p,0.001)
increased significantly over the time of AZT intake. Red blood
count (RBC) (coef.: 20.0040*106/ml per day, p,0.001), white
blood cell count (WBC) (coef.: 20.0119/nl per day, p,0.001) and
granulocyte count (coef.: 20.0123/nl per day, p,0.001) de-
creased significantly over time. A significant decrease with a
subsequent increase after day 32 of AZT intake was shown for
hemoglobin values (p,0.05). Comparing group 1 and 2 at the
point of delivery, differences between median hemoglobin and
median granulocyte count were not statistically significant. Median
red blood cell count was significantly lower in women of group 1
(3.66/ml vs. 4.04/ml, p,0.05), whereas MCV (87fl vs. 79fl,
p,0.001) and median platelet count (367000/mm3 vs. 273500/
mm3, p,0.05) were significantly higher in group 1-women with
antenatal AZT intake. No significant differences in hematological
parameters were observed at one month and three months post-
delivery. Detailed results are shown in the supplementary Figure
S1.

Hematological Alterations in Infants
At birth, infants of group 1 with prenatal AZT exposure showed

significantly lower median hemoglobin (13.3 g/dl vs. 15.2 g/dl,
p,0.001) and median RBC (3.7/ml vs. 4.5/ml, p,0.001) levels
compared to those of group 2. The median MCV (106fl vs. 100fl,
p,0.001) and RDW (17.1% vs. 16.2%, p,0.01) were significantly
higher in infants exposed to AZT during the prenatal period. At
birth, the overall frequency of anemia $ grade 1 was 26%, with a
significantly higher frequency in infants with antenatal AZT
exposure (47% group 1 vs. 11% group 2, p,0.001). Two infants
with prenatal AZT exposure had severe (grade 3) or potentially life
threatening (grade 4) anemia (6% of group 1-infants) at birth
compared to zero in group 2.

The median hemoglobin concentrations declined in all infants
from 14.3 (IQR: 13.0 to 15.5) g/dl at birth to 11.6 (IQR: 9.9 to
12.7) g/dl at one month of age and to 10.5 (IQR: 9.9 to 11.4) g/dl
at three months of age. At one month (IQR: 31–36days) and at
three months (IQR: 91–93 days) of age, differences in median
hemoglobin and median RBC between both groups were no
longer significant.

At one month of age, anemia $ grade 1 was observed in 29% of
all infants (36% group 1 vs. 20% group 2, p = 0.35), with one of
the group 1-infants (3%) showing severe anemia. At three month
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of age, the overall anemia rate ($ grade 1) was 58% (46% in group
1 vs. 73% in group 2-infants, p = 0.24).

The median granulocyte count at birth was significantly lower
in infants with AZT exposure during pregnancy (5.0/nl in group 1
vs. 7.3/nl in group 2, p,0.05). At birth, granulocytopenia $ grade
1 was observed in 37% of all infants with a significantly higher

frequency in group 1-infants (52% in group 1 vs. 26% in group 2,
p,0.05). Toxicity $ grade 3 was observed in 18% of group 1-
infants compared to 9% of group 2-infants, p = 0.31.

The overall median granulocyte count was 6.2 (IQR: 3.9–8.6)/
nl and decreased to 2.8 (IQR: 1.6–3.4)/nl at one month of age and
to 2.7 (IQR: 1.8–3.3)/nl at three months of age. At one month, the

Figure 1. Flow chart of study cohort. Study population and applied statistical tests during antenatal care visits, delivery and follow-up visits at
one month and three months post-delivery.
doi:10.1371/journal.pone.0055633.g001
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Table 1. Baseline characteristics of mothers of group 1 and 2.

Group 1 Group 2 p

Enrolment in antenatal clinic/
pre-delivery AZT intake

Enrolment in maternity
ward/no pre-delivery AZT
intake

Total number of pregnant women included 82 62

Pregnancy week at start of AZT intake [median (IQR)] 29.1 (28.0–32.2)

CD4 at enrolment in antenatal clinic [median (IQR) cells/ml)] 390 (267–515)

Place of delivery [no. (%)]:

Maternity ward 55 (67%) 62 (100%)

Home delivery 17 (21%)a 0

Lost to follow-up 10 (12%)a 0

Marital status: married [%]: 74.5% 76.7% 0.96b

Years of education [median (IQR) years] 7 (7–7) 7 (7–7) 0.20b

Travel minutes to hospital [median (IQR)] 30 (30–60) 30 (30–60) 0.35

Household number [median (IQR)] 4 (3–5) 3 (2–5) 0.51

Number of children [median (IQR)] 2 (1–3) 1 (0.5–2) 0.40

Age at enrolment [median (IQR) years] 28 (24–30) 25 (23–29) 0.58

Weight at enrolment [median (IQR) kg] 60 (54–65) 57 (53–65) 0.64

Height [median (IQR) cm] 158 (154–160) 157 (152–160) 0.93

Gravida [median (IQR)] 3 (2–3) 3 (2–3) 0.61

Para [median (IQR)] 2 (1–2) 2 (1–3) 0.98

aExcluded from below socio-demographic comparison.
bMann-Whitney-U-test; all other compared by t-test.
doi:10.1371/journal.pone.0055633.t001

Table 2. Baseline characteristics of infants of group 1 and 2.

Group 1 Group 2 p

Enrolment in antenatal clinic/
pre-delivery AZT intake

Enrolment in maternity
ward/no pre-delivery AZT
intake

No AZT intake during pregnancy [no] 62

At least four weeks antenatal AZT/no twins/available blood
count results [no]

42

HIV positive children at delivery [% (no)] 2.4% (1/41) 8.5% (4/47)

Children enrolled in study [no] 41 58

CD4 of mothers at delivery [median (IQR) cells/ml; no.] 350 (252–490); 25 262 (194–474); 40 0.26

Duration of prenatal AZT exposure [median (IQR) days] 57 (43–71) 0

Duration of AZT syrup intake of infants [days] 7 28

Mode of delivery: section [%] 7.5 11.1 0.41b

Preterm infants [%] 9.8 3.5 0.20b

Sex: female [%] 46.3 54.4 0.28b

Weight [median (IQR) g] 3100 (2840–3450) 3200 (2900–3500) 0.67

Apgar newborns at 1 minute 9 (8–9) 9 (8–9) 0.63a

Apgar newborns at 5 minutes 10 (10–10) 10 (10–10) 0.28a

Frequency of symptom maternal fever at delivery [%] 2.4 0 0.42

Median no. of sulphadoxine-pyrimeth. doses
during pregnancy

2 (2–2) 2(1–2) 0.10a

aMann-Whitney-U-test.
bFisher’s exact test; all other compared by t-test.
doi:10.1371/journal.pone.0055633.t002
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median granulocyte count was significantly lower in group 2-
infants compared to group 1-infants (3.2/nl in group 1 vs. 1.7/nl
in group 2, p = 0.001). At this age, 19% of all infants presented
with granulocytopenia $ grade 1, with a significantly higher
frequency in group 2-infants (9% in group 1 vs. 33% in group 2,
p = 0.039). Toxicity $ grade 3 was observed in 6% of group 1-
infants and 10% of group 2-infants, p = 1.0.

The hematologic parameters of infants in group 1 and group 2
are summarized in table 3 and figure 2. Frequency of anemia and
granulocytopenia are shown in table 4.

Transmission Rate
HIV-DNA PCR was performed in 88 infant blood samples at

birth and in 63 infant blood samples at six weeks of age.
The in utero transmission rate tested at birth was 2.4% (CI: 0.35–

16.0) in group 1-infants and 8.5% (CI: 3.3–21.1) in group 2-
infants. The transmission rate estimated by Kaplan-Meier at six
weeks of age was 7.7% in group 1 (CI: 2.5–22.1) and 12.5% (CI:
5.2–28.5) in group 2-infants.

Discussion

Focusing on hematological parameters in pregnant women and
their infants up to the age of three months in a rural Tanzanian
setting, this study was conducted to assess the impact of
antiretroviral prophylaxis involving treatment of both mothers
and infants with AZT.

Our evaluation was performed within the frame of an
observational study in which all patients received antiretroviral
prophylaxis as recommended by WHO guidelines. The two

subgroups of our cohort were comparable with regard to the
clinical and socio-demographic variables tested.

During AZT intake, pregnant women showed a significant
decline in granulocyte count and RBC. Hemoglobin decreased
within the first four weeks of AZT intake and then increased.
Concurrently, a significant increase of MCV, RDW and platelet
count was observed. However, at birth, there was no significant
difference in hemoglobin between women taking AZT during
pregnancy (group 1) and those did not (group 2). The values for
MCV, RDW and platelet count were significantly higher in group
1-women at birth and RBC counts were significantly lower.

The transient decrease of hemoglobin is in agreement with
previous publications. Briand et al. [8] demonstrated a suppression
of hemoglobin levels in pregnant women taking AZT. Comparing
short versus long exposure during pregnancy, a slight difference in
hemoglobin level persisted until the time of delivery whereas
differences in the other values resolved by this time.

It is known that platelet counts may generally decrease during
pregnancy [21]. However, our fixed effects model showed an
increase during AZT treatment of pregnant women, and a
significantly higher platelet count in group 1- compared to group
2-women was observed at the time of delivery. This indicates that
AZT treatment may increase platelet counts in HIV-infected
pregnant women.

AZT has been shown to cross the placenta, reaching a cord-to-
maternal blood level ratio of 0.8 [22] and to affect myeloid and
erythroid cell lines [23], resulting in a decrease in hemoglobin
levels and the number of granulocytes.

Our study found significantly lower hemoglobin levels in infants
with intrauterine AZT exposure (group 1) at birth. The effect on
hemoglobin was associated with a significantly higher frequency of

Figure 2. Hemoglobin and granulocyte count in infants at birth, one month and three months of age. A. At birth, group 1-infants with
prenatal AZT exposure presented with significantly lower median hemoglobin (13.2 g/dl vs. 15.2 g/dl, p,0.001) than group 2-infants. At one month
and at three months of age, differences in median hemoglobin between both groups were no longer significant. B. The median granulocyte count at
birth was significantly lower in infants with AZT exposure during pregnancy (5.1/nl in group 1 vs. 7.3/nl in group 2, p,0.05). At one month of age, the
median granulocyte count was significantly lower in group 2-infants compared to group 1-infants (3.2/nl in group 1 vs. 1.7/nl in group 2, p = 0.001).
No statistically significant differences in granulocyte count were observed at three months of age.
doi:10.1371/journal.pone.0055633.g002
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anemia grade $1 at birth. These results agree with those of
Connor et al. and Sperling et al. [12,14], who both showed
significantly lower levels of hemoglobin in infants exposed in utero
to AZT. In our study, differences in hemoglobin were no longer
significant by the age of one month, which is most likely the result
of differences in postnatal AZT intake and a faster decrease of
hemoglobin in group 2-infants, again agreeing with Connor et al.
and Sperling et al. The overall rate of anemia $ grade 1 was 29%
with no significant difference between the groups at one month of
age. In contrast, Briand et al. found significant differences in the

frequency of anemia between infants with three days or six weeks
of postnatal AZT intake at the age of six weeks. Interestingly, this
effect was found to be independent of in utero exposure [24].

At birth, infants of group 1 had significantly lower granulocyte
counts, accompanied by a significantly higher frequency of
granulocytopenia $ grade 1. This effect of in utero exposure to
AZT in infants, including persistence of decreased granulocyte
counts up to 18 months after birth, has been described previously
[11].

Table 3. Hematological parameters of infants by group at birth, 4–6 weeks of age and 12 weeks of age.

Birth Week 4–6 (IQR: 31–36; n = 62) Week 12 (IQR: 91–93; n = 31)

group 1 group 2 p group 1 group 2 p group 1 group 2 Pa

RBC, median 3.7 (3.2–4.0) 4.5 (4.2–4.8) ,0.001 3.6 (3.0–4.0) 3.7 (3.4–4.1) 0.58 4.4 (4.1–4.5) 4.1 (3.9–4.5) 0.18

(IQR), 106/uL n = 78 n = 51 n = 24

Hemoglobin,
median

13.3 (11.8–14.2) 15.2 (13.9–16.2) ,0.001 11.3 (9.7–12.7) 12.1 (10.5–12.9) 0.49 11.2 (9.8–12.3) 10.3 (9.9–11.0) 0.6

(IQR), g/dl n = 78 n = 51 n = 24

MCV, median 106 (101–114) 100 (97–105) 0.001 95 (89–101) 92 (89–94) 0.27 74 (70–81) 75 (72–78) 0.47

(IQR), fl n = 78 n = 51 n = 24

RDW, median 17.1 (16.2–18.1) 16.2 (15.6–16.9) 0.008 17.1 (16.8–18.3) 15.7 (14.8–17.1) 0.002 15.9 (15.6–16.9) 16.0 (14.6–16.6) 0.54

(IQR), % n = 75 n = 51 n = 24

WBC, median 10.4 (8.2–13.6) 12.8 (10.9–17.1) 0.07 9.5 (7.6–11.5) 8.5 (6.3–10.9) 0.35 10.6 (8.8–14.7) 8.9 (6.4–11.4) 0.11

(IQR),/nL n = 79 n = 53 n = 25

Granulocytes,
median

5.0 (3.5–7.5) 7.3 (4.9–9.0) 0.042 3.2 (2.5–4.4) 1.7 (1.2–2.7) 0.001 2.8 (2.4–3.9) 2.2 (1.7–2.9) 0.18

(IQR),/nL n = 79 n = 53 n = 25

Lymphocytes,
median

4.0 (3.5–6.2) 4.9 (3.2–6.4) 0.42 4.8 (3.9–7.3) 5.3 (4.1–8.3) 0.62 6.8 (5.9–10.2) 6.1 (3.7–7.7) 0.18

(IQR),/nL n = 79 n = 53 n = 25

Monocytes,
median

1.0 (0.6–1.6) 1.3 (0.7–1.9) 0.42 0.9 (0.7–1.3) 0.9 (0.7–1.3) 0.73 0.8 (0.6–1.4) 0.8 (0.5–1.1) 0.16

(IQR),/nL n = 79 n = 53 n = 25

Platelets,
median

375 (303–436) 326 (245–386) 0.09 397 (248–493) 420 (216–533) 0.79 440 (284–568) 403 (215–569) 0.64

(IQR),/nL n = 76 n = 49 n = 23

aMann-Whitney-U-test, all other compared by t-test.
doi:10.1371/journal.pone.0055633.t003

Table 4. Frequency of anemia and granulocytopenia in infants of group 1 and 2.

Birth (n = 78) Month 1 (n = 51) Month 3 (n = 24)

Anemia group 1 group 2 Pa group 1 group 2 Pa group 1 group 2 Pa

grade $1 15 (46.9%) 5 (10.9%) 0.001 11 (35.5%) 4 (20.0%) 0.35 6 (46.2%) 8 (72.7%) 0.24

grade $3 2 (06.3%) 0 (00.0%) 0.17 1 (03.2%) 0 (00.0%) 1 0 (00.0%) 0 (00.0%) 1

birth (n = 79) month 1 (n = 53) month 3 (n = 25)

Granulocytopenia group 1 group 2 Pa group 1 group 2 Pa group 1 group 2 Pa

grade $1 17 (51.5%) 12 (26.1%) 0.033 3 (09.4%) 7 (33.3%) 0.039 1 (07.7%) 2 (16.7%) 0.59

grade $3 6 (18.2%) 4 (08.7%) 0.31 2 (06.3%) 2 (09.5%) 1 0 (00.0%) 0 (00.0%) 1

aFisher’s exact test.
doi:10.1371/journal.pone.0055633.t004
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After receiving AZT for one month in the postnatal period,
group 2-infants had a significantly lower granulocyte count and
significantly higher frequency of granulocytopenia $1 than group
1-infants having a postnatal AZT intake of just one week. By the
age of one month, 9% of infants had developed a severe
granulocytopenia ($ grade 3), most likely due to in utero and
postpartal exposure to AZT.

Throughout this study, alterations in the mothers’ and infants’
blood parameters were carefully monitored. However, it must be
kept in mind that the routine health care in low-income countries
only rarely includes monitoring of hemoglobin and granulocyte
counts during AZT-intake. Despite PCR-HIV testing of infants
blood samples at the age of one month being common, economic
or logistic constraints preclude the regular monitoring of blood
components. It is therefore important to include this lack of
monitoring in debates about the potential toxicity of ARVs in the
context of peripheral, resource-limited settings.

The transmission rate estimated by Kaplan-Meier was 7.7% in
group 1 and 12.5% in group 2-infants at 6 weeks of age. Two
randomized, double-blind, placebo-controlled trials have shown
that AZT administered in the last four weeks of pregnancy is
effective in reducing the transmission rate to 14.7% compared to
24.8% with placebo at six weeks of age [25]. Dabis et al. [6] have
shown that combining the four-week course of AZT with sdNVP
further reduces the six week probability of transmission to 6.5%, a
finding largely consistent with our own.

To ensure comparability of the two groups, we checked for
differences in disease progression in terms of CD4-cell counts, as
well as with regards to socio-demographic aspects such as age,
weight, marital status or years of education and found that none of
these factors differed significantly between groups 1 and 2.
Nevertheless, it cannot be ruled out that there may be other
unconsidered factors such as health-seeking behavior that might
vary between the two groups and act as confounders.

At the point of birth, group 2-infants, who had no prior AZT
exposure during pregnancy, represent a true control group for
analyzing the influence on group 1- infants of AZT exposure
during pregnancy. However, during follow-up visits at one and
three months of age, infants of both groups had different pre- as
well as postnatal ARV exposure and are not strictly comparable. It
is a limitation of this study that alterations in blood parameters at
these time points can therefore not explicitly be assigned to either
part of the regimen. However, establishing a control group with no
AZT exposure at all would have exceeded the frame of a study
that was primarily aimed at describing the hematological effects of
PMTCT regimens actually administered in practice.

A further limitation of our study is the high drop-out rate of
infants throughout the follow-up period. Loss to follow-up is a
common problem for PMTCT services in resource-limited settings
[26,27]. In addition to the parents failing to understand the
importance of follow-up visits, especially in the absence of illness,
infant death is a major reason for loss to follow-up, as described by
Ahoua et al. [28]. In our study, no information about the
development of infants lost to follow-up exists and cases of
undiagnosed virus transmission, side effects or mortality among
such infants cannot be ruled out.

In conclusion, this study revealed that AZT exposure during
and after pregnancy can cause significant hematologic alterations
in women and infants. However, it was also shown that the side
effects observed were generally transient and predominantly mild

in nature. However, the few cases of severe hematologic toxicity
($ grade 3) in infants should be taken into serious consideration
when planning and implementing antiretroviral PMTCT inter-
ventions in structure-limited settings, where surveillance of blood
alterations is often not standard practice. Our results demonstrate
that monitoring side effects during antiretroviral PMTCT
regimens is a crucial factor for intervention safety, and should
be a constituent part for any such services. Further research
involving larger cohorts and longer follow-up periods are needed
to further analyze the impact of regimens involving AZT on
maternal and infant health.

Supporting Information

Figure S1 Blood values in women of groups 1 and 2
during AZT intake Figures show selected blood values in
group 1- and 2-women during AZT intake. Time points are:
initiation of AZT intake (day 0), 7th, 14th, 21st, 28th day of AZT
intake, delivery and one month post-delivery. The period between
28th day of AZT intake and delivery differs between women,
depending on the gestational stage at initiation of AZT. Group 1-
women had antenatal AZT intake, group 2-women were included
at delivery and had no antenatal AZT intake. Sample sizes were:
n$70 at beginning, n$70 at 7thday, n$56 at 14thday, n$62 at
21stday, n$41 at 28th day of AZT intake. At delivery, sample sizes
were n$30 (group 1-women) and n$54 (group 2 women); at one
month post-delivery, sample sizes were n$39 (group 1-women)
and n$26 (group 2-women). A. A decrease and a subsequent
increase in hemoglobin values was shown in group 1- women. No
significant difference between the median hemoglobin levels of
group 1- and 2-women was observed at birth and one month post-
delivery. B. Mean corpuscular volume increased with AZT intake
and resulted in statistically significant higher values at delivery
(87fl vs. 79fl, p,0.001) in group 1-women. C. Red blood count
decreased in the first weeks of AZT intake. Median red blood
count was significantly lower in group 1-women (3.66/ml vs. 4.04/
ml, p,0.05) at delivery. There was no statistically significant
difference at 1 month post-delivery. D. Platelet count increased
during the time of AZT intake. At delivery, the median platelet
count was significantly higher in women with antenatal AZT
intake (367.000/mm3 vs. 273.500/mm3, p,0.05), although by
one month post-delivery the difference was no longer significant. E
and F. White blood counts and granulocyte counts decreased
during AZT intake. Comparing group 1 and 2 at delivery and one
month post-delivery, differences in the median white blood count
and median granulocyte count were not statistically significant.
(TIF)
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