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ABSTRACT

Large clinical trials beginning with the PACTG-0it&l and other trials across Europe and
America have showed that perinatal exposure to idme (AZT) results in
haematological side effects in the neonate, maiahaemia, which are clinically
insignificantand reversible. There is however limited data ih-Saharan Africa on the
impact of intrauterine exposure to AZT on neongpesticularly low birth weight neonates,
at the height of the HIV/IPMTCT era.

The aim of the study was to evaluate the prevalamceclinical significance of anaemia
among low birth weight neonates, in a diverse Sd\ftican setting. This observational
descriptive study looked at medical records of HRXposed, low-birth weight neonates
(less than 2500g) admitted to the neonatal unKia§y Edward VIl Hospital from May
2008 to February 2010, who have had intrauterip@guxre to AZT.

A total of 95 neonatal birth and medical recordgenvanalysed. The total prevalence of
anaemia was 47%. The neonates were placed iregaras according to gestational age.
The prevalence of anaemia was 16.7% and the meawddbl7g/dL in the 26-28 week
gestational age category, prevalence of anaemiaBW#sand mean Hb was 16g/dL in the
29-31 week category, and the prevalence of anagasab4.8% with a mean of 17g/dL in
the over 31 week gestational age category. Thenmim haemoglobin was 11.0g/dL and
maximum haemoglobin was 24g/dL. The mean haemaglobthe neonates exposed to
more than 28 days of Zidovudine was lower thanntean Hb in neonates exposed to less

than 28 days in the 29-31week and over 31 weelat@sal age categories.

The haematological side effects of anaemia in nesnaesulting from AZT exposure in-
utero were found to be prevalent but of a mild elngically insignificant nature in keeping
with existing international and continental studi&be severity of anaemia in low birth
weight/ pre-term neonates appears to be the sanie @sm neonates of normal birth
weight depicted in these studies. The presenceafatal anaemia at birth has been shown

to be related to the duration of exposure to inéane AZT in one of the three ageoups.



There were no identified issues that would wareanénding current recommendations for
the routine use of AZT for the prevention of motbkild HIV transmission however these
findings require further research involving largermbers and follow up of neonates in

order to adequately analyse current PMTCT guidsline
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Abbreviations

ARV Anti-retrovirals

AZT Zidovudine

FTC Emtracitabine

HB Haemoglobin

HIV Human Immunodeficieny Virus
LBW Low birth weight

MTCT Maternal to child transmission
NVP Nevirapine

PACT-076 Paediatric AIDS Clinical Trial
PMTCT Prevention of mother to child transmission
TDF Tenofovir

Definitions?

H1V-exposed neonate:
A newborn baby born to a HIV-positive woman.

I nfant:

A person from birth to 12 months of age.

L ow birth weight neonate:
A newborn baby weighing < 2500g.

M other-to-child transmission
Transmission of HIV from a HIV-positive woman tortmaby during pregnancy,

delivery, or breastfeeding.

Neonate
A newborn baby in the first 28 days after birth.
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Aim

The aim of this study was to determine the prevadesnd degree of anaemia in HIV-
exposed low birth weight neonates (< 2500g), adwhitio the neonatal unit in King
Edward VIII Hospital from April 2008 until Februar2010, who were exposed to
intrauterine Zidovudine (AZT).

I ntroduction
With the exception of a small number of Africandias and predominantly first world

studies on the effects of AZT on neonates at thghhef the HIV/PMTCT era, there is
limited research in sub-Saharan Africa on babie weonatal anaemia who have had
intrauterine exposure to AZT to determine whetherdnaemia is clinically significant or
not. The PROMISE IMPAACT studyis currently being conducted in many resource-
limited countries including South Africa and a sedary objective of the study is to
document side effects of Prevention of Mother toildChrransmission (PMTCT)
medication on mother and baby. It was necessacjogely evaluate the prevalence and
clinical significance of anaemia in a diverse SoAfnican setting. Furthermore, most
studies have excluded low birth weight neonatesaliee anaemia can result from
prematurity and it may be difficult to determine etther anaemia is due to prematurity or

to AZT exposure. Hence it was worthwhile to evatuddta in this vulnerable group.
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Literaturereview

As a background to the study it is valuable to @nésnformation on the following:

1. An introduction to the prevalence of HIV in babiasSouth Africa

2. The evolution of and the on going need for an inaprg PMTCT programme in
South Africa

3. What is zidovudine (AZT)?

4. Anaemia, a common side effect of zidovudine

5. The definition and causes of neonatal anaemia

An introduction to the prevalence of HIV in babiesin South Africa

At the 2009 maternal, child and women's health siinpresented by the National
Minister of Health Dr Aaron Motsoaledi, it was stdtthat in South Africa greater than 1
million babies are born annually of whom 300 00OrevéllV-exposed based on the
prevalence of HIV in pregnant women in 20@h estimated 22000 neonates die every
year in South Africa and up to 43% of these webably avoidable as many of these
deaths could possibly have been attributed to HINMe National Perinatal and Neonatal
Morbidity and Mortality Committee 2008At the summit it was also highlighted that
50% of the annual deaths of children in South Affietween birth and five years have
HIV as the underlying cause (The Committee on Miithiand Mortality in Children
under Five Years).
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The evolution of and the on going need for an improving PMTCT
programme in South Africa

Timeline of PMTCT in South Africa

SD NVP to

PACTG-076 mum/baby in Dual therapy in
study - AZT South Afiica rest of South Africa
1994 2001 2008
L 1 L
T T T
1999 2004 2010
Dual therapy new
Khayelitsha initiation Dual therapy in . .
of AZT to mum/ baby Western Cape policy-NVF Gwk in

baby

After the PACTG 076 trial in 1998the 6-week neonatal AZT prophylaxis became the
benchmark of Prevention of Mother to Child Transius (PMTCT) in most first world
countries. The PMTCT programme in South Africa ddtack to 1999 to a district called
Khayelitsha in the province of the Western Cape ref@MTCT utilising AZT at 34
weeks gestation and at birth was initiated. In 20@4entire province commenced AZT
in pregnant women from 28 weeks of gestation a$ agesingle dose Nevirapine (NVP)
at the onset of labour. By this time the rest ofitBoAfrica had initiated a national
PMTCT policy comprising of just a single dose NVRen at the onset of laboBirA
large clinical trial in Thailand in 2005 demonsg@ta 2% transmission of the HI virus
from mother to child when utilising AZT from 28 weegestation and single dose NVP
at the onset of labolrThe baby received single dose NVP at delivery andeek of
AZT. This landmark study led to the introductiondefal therapy (AZT and NVP) taken

by pregnant women as well as AZT prophylaxis inrthabies in South Africa in 2008.

As of April 2010 a revised PMTCT programme was khed in South Africa advocating
AZT from 14 weeks gestation in all women with CB3lints more than 350cells/mma3. In
addition to the AZT the mother receives single doB& and FTC at delivery. The baby

4
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must be given 6 weeks of NVP or for the duratiorbifast feeding, and no AZT. Other
key components of the new policy include HIV tegtof every pregnant woman, treating
all pregnant HIV-positive women with ARVs if the @Ds less than 350 and follow up
all mothers and infants at 6 weeks post-part@urrently mother to child transmission
(MTCT) rates vary widely across the country, avergat 12% nationalfyy highlighting

the need for a constantly improving PMTCT programme

The administration of triple ARV drug combinationkglivery via caesarean section, and
infant formula-feeding have resulted in a signifitdecrease in the risk of MTCT in the
US, Europe and other first world countries. Howeweresource limited settings, HIV-

infected mothers and their babies are prone toraaeven when not on ARV therapy

and most mothers choose to breast feed.

What is ziddovudine (AZT)?

Azido-deoxythymidine known as AZT is the most widaked ARV in pregnancy as part
of the PMTCT programme. It is a nucleoside analagwerse transcriptase inhibitor and
was the first ARV approved by the United States d~@md Drug Administration.
Zidovudine and the other ARVs reduce MTCT by desirga viral replication thereby
reducing the maternal viral load. In this way AZfoyides pre-exposure prophylaxis to
the baby preventing cross-placental and intra-parttansmission and post-exposure

prophylaxis by administering the ARV to the babteafielivery’

Anaemia, a common side effect of zdovudine

Anaemia is a well known side effect of AZT whichsmdemonstrated in a meta-analysis
of 6 RCT published in 2004, one of many relatedlisf The in vitro inhibitory effect
of AZT on haematopoietic progenitors was descrilred study by Dainiak in 1988.
Large clinical trials and cohort studies beginninith the PACTG-076&tudy® and other
studies across Europe and the US have shown that{z exposure to AZT results in
haematological side effects mainly anaemia whichcligically insignificant and
reversible. Studies have shown that due to matemake of AZT during gestation,

anaemia is present in neonates from birth to 2 weélage. If the neonates are taking
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AZT prophylaxis the resolution of anaemia is slovdedvn by a longer duration of AZT
as well as in the HIV infected neonates. In mosinages the haemoglobin levels returned
to normal by 2-3 months after cessation of AZ?12 A Tanzanian study demonstrated
that AZT exposure in-utero can cause mild and transient haematologic alterations in
infants.’3 Two studies in Malawi explored haematological clem@ African children
who received either NVP or AZT at birth and conéddhat age specific anaemia was
the same in the two groups and showed no long hematological adverse effetts?
With the exception of these African studies few panable studies have been carried out
in the rest of Africa, and in particular in sub-8edm Africa.

The definition and causes of neonatal anaemia.

Anaemia is defined as haemoglobin or haematocniceotration of more than two

standard deviations below the mean for ¥ge.

The average haemoglobin values on the first pastiolaty for the gestational age of 26-
28 week gestation is 15.1g/dL, gestational ageBeB2 weeks is 16.2g/dL and gestational
age of more than 31 weeks is 19.3g/IA 26 — 28 week gestation baby would be
considered to be anaemic if the Hb was less thabgld_, a 28 — 31 week gestation baby
would be considered to be anaemic if the HB was fkan 14.5g/dL and a baby with a
gestational age of more than 31 weeks could beideresl anaemic if the HB was less
than 17.1g/dL.

There are multiple factors contributing to anaemiaewborns apart from AZT which
affects foetal and infant erythroid Ilineages in thdone marrow.

The common causes ate'®

- Loss of blood : antepartum haemorrhage and blossldorring traumatic delivery,
early umbilical cord clamping, occult bleeding Btample twin-twin and foetal-

placental transfusion when the neonate is held ablos placenta for some time
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after delivery, recurrent excess phlebotomy espigciar close monitoring of

preterm infants

- Decrease in production of red blood cells: congémiduses for example Fanconi
anaemia, anaemia of prematurity, and Diamond-B&actkAnaemia; acquired
causes such as infection including HIV, parvoviausd syphilis, nutritional
deficiencies especially in premature babies dueapod growth, perinatal drug
exposure as in the case of AZT

- Increase in destructionshortened red blood cell life span. In the extreme
premature infants cells survive only up to 50 dayse shortened red blood cell
life span of the neonate is a result of multipletdas for example infection
including HIV, haemolytic disease of the newboragimoglobinopathies, and

enzymopathies

Anaemia is said to be clinically significant andreses if the HB is less than 10g/dL
during the first few days of life (Grade 3, Grad®#ision of AIDS toxicity levels)"®
The lowest haemoglobin levels following birth aypitally observed when the smallest
infants are aged 4-10 weeks, with concentration® b® g/dL if birth weight was 1200-
1400 grams or 6-9 g/dL if birth weight was lessth200 gram¥’
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With such a large number of babies born to HIV ¢tée mothers who have been on AZT
PMCTC and a dearth of information on the effectAdT on the low birth weight
neonates, this study aimed to determine the pregaland degree of anaemia in HIV-
exposed low birth weight neonates (< 2500g), a@whitio the neonatal unit in King
Edward VIII Hospital from April 2008 until Februar2010, who were exposed to
intrauterine AZT.

Objectives

1. To determine the prevalence of neonatal anaemitvinbirth weight, HIV-
exposed babies whose mothers received AZT, at Edward Hospital

2. To document the degree of and clinical significaot@naemia in HIV-exposed
low birth weight neonates exposed to AZT

3. To assess the correlation between duration of taheenmal intake of AZT and

severity of neonatal anaemia
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M ethodology

The researcher was solely responsible for datecah and extraction

Study design

The study design was an observational, descripdive cross-sectional study.

Study site

The study site was the neonatal unit at King EdwattiHospital. This site was selected
as there was a substantial number of HIV exposeddiah weight infants of whom full
blood count results and duration of maternal AZTake recorded which could be
analysed. The total births in the study site, Kibdward VIII Hospital, for 2009 was
6802 including 1195 low-birth weight neonafés.

Study population

The study population consisted of all the low-bivileight (< 2500g) neonates whose
mothers received AZT during gestation, admittedht® neonatal unit in King Edward
VIII Hospital following which they attended the megal follow-up clinic for HIV-
exposed neonates from May 2008 to February 201@. Spgecified time frame was
chosen because the new Department of Health PMT@Ielines were implemented as
of April 2008.

Sample size calculations

Based on an estimated prevalence of anaemia ine{pésed low birth weight babies
whose mothers have taken AZT during gestation b&d%g, a sample size of 250 babies
was selected.
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Selection of participants

Participants were selected from the records ofehaso attended the neonaf@llow up
clinic for HIV-exposed neonates from May 2008 tdfemary 2010 which was compiled
by the paediatric department at the University afialtulu-Nataf* This method of
selection was chosen in conjunction with the padadidepartment with the presumption
that the mothers of the HIV-exposed neonates whaice received AZT as per the new
PMTCT national guidelines. The AZT registers wermat msed as they were often
unreliable since they were inadequately enterelyirthe nursery staff. The low-birth

weight babies were categorised according to gesitage as follows:

Gestational age: 26 - 28 weeks
29 - 31 weeks
: > 31 weeks

The neonates were divided into categories basedestational age as the mean HB
differs according to gestational age. The prevadesicanaemia was determined within

these subgroups.

Sampling method

No sampling method was carried out as all 250 lasth bweight HIV-exposed babies
from the clinic database from April 2008 to Febsu&010 were useff A complete

sample size is meant to improve precision of thdyst

However a reduced sample size of 95 of the 250 éHpesed low birth weight neonates
with intrauterine exposure to AZT entered on thedpatric data base was used due to
missing records, records not meeting the inclusiateria, and after exclusion. The
researcher had requested an extension of the ariggme period from April 2008 to

10
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December 2009, to April 2008 up until February 2@i@rder to obtain more numbers.
The researcher could not extend the time periodfarilzer due to time constraints and

further obligations.

Inclusion criteria

The inclusion criteria were HIV-exposed neonate® attended the neonatal follow-up
clinic for HIV exposed babies at King Edward Hoapifrom May 2008 to February
2010.

* The neonates’ mothers must have received AZT dasgation
* Birth weight less than 25009
* The neonates were relatively well from birth witlo serious illnesses (see

exclusion)

Exclusion criteria

Some of the other causes of neonatal anaemia i{sesture review) were excluded to

reduce compounding causes of anaemia. These were:

* Acute maternal blood loss in the peri-partum period
* Acute blood loss in the baby
» Confirmed neonatal sepsis as per raised or lowenbibod cells, low platelets,

elevated C-reactive protein and positive bloodwek.

During the patient chart reviews of the completaga, these factors were sought for in
the history taking, examination findings and blaegults and the babies who fulfilled

these categories were excluded from the study.

11
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Data source

Using the information from the clinic datab&s@vhich includes patient names, weight,
hospital and contact numbers, and duration of en@kAZT by the mother), charts were

located and reviewed for the following outcome ahies:
» Haemoglobin results at birth
The exposure variables will consist of:

e duration of AZT intake by the mother during gestati
* weight of the baby
» gestational age of the baby

* gender of the baby

To ensure internal validity in this descriptivedfuFBC measurements carried out by the
Sysmex XT2000i machine, calibrated every 2 monslesyiced 6 monthly and control
testing 4 times a day, were used in National Hek#thoratory based at King Edward

Hospital.

Data collection method

A recognised data collection tool is not a reqaisi$ existing data will be used in contrast
to the process of new data collection. A standatd dollection tool was used to collect

the data from patients’ charts/records.

The variables collected were the weights, gender gestational age of the baby;
haemoglobin results at birth; and the duration atemal intake of AZT. See appendix

for data collection sheet used by the researcheg hicrosoft Word.

12
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Data handling

Data collection sheets were saved on the rese&sdh€rsecured with private password
and backed-up at the University of Kwazulu-Nataiitg Medicine department. Access
was restricted to the researcher, supervisor arilitdor. The data will be secured for at

least 5 years after the study.

Data Analysis

Data was captured and analysed using the SPSSasefwackage. Prevalence of the
anaemia (the outcome) was calculated using thé not@aber of HIV-exposed infants

with AZT exposure (the exposure) as well as thevagdemce of anaemia in each
gestational age category. The distribution of nucaérdata was graphically displayed
using frequency distribution tables, bar graphs laoxl and pie graphs. Independent T-
tests were used to demonstrate the relationshipeleet the duration of AZT and the
degree of anaemia. The numerical data was sumrdarseneasures of central tendency

i.e. mean and median, and by measures of variabditrange.

Reliability, Validity and Bias

Internal validity means that the study has measured what it setoowind strictly
speaking, is the near truth about inferences régguchusal relationships which is not the
intention of descriptive studies. To ensure inteuadidity in this descriptive study, FBC
measurements carried out by the Sysmex XT2000i mechalibrated every 2 months,
serviced 6 monthly and control testing 4 times g @gere used in NHL lab King Edward

Hospital.

External validity: The study will be conducted amdtricted to a single hospital which
may not be generalized to other nursery settingSaath Africa and possibly external
validity may be affected. However being a regionaspital it is a referral institution of

various clinics and hospitals from the greater KmhaNatal province.

13
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Reliability: The extent to which results are cotei¢ over time and an accurate
representation of the total population under stgdgferred to as reliability.

Information bias: Information bias is inherent imact reviews. Information regarding the
neonate, for example examination findings and blcesililts, were often omitted in the
medical records and added to information bias. Aimer of neonates who were found to
have anaemia were diagnosed as sepsis based atedlev low white cell counts, raised
CRP and positive blood cultures. The researcherdeatsed a checklist and used this
checklist in every chart review in order to exclugeonates who met the criteria for

sepsis to minimize misclassification of sepsis.

Selecting patients who attend the neonatal follpvelinic for HIV exposed infants result
in selection bias. In order to minimize the bia®)% (a complete sample) of the patients
who attended the neonatal clinic for the determitie period were selected for chart
review thereby eliminating sampling bias. Howeuse small study size as a result of
missing records may have significantly influencdte tresults. The confounders
associated with low-birth weight neonates were eskird by exclusion of neonates who
met criteria for the confounding factors.

Ethical consideration

Permission to conduct this study has been obtdnoed the University of Kwazulu-Natal
Research Ethics Committee, King Edward VIII Hodpitnd the Kwazulu-Natal
Department of Health, Natalia. Confidentiality dfet study participants was ensured.
Data collection sheets were saved on the rese&dP€rsecured with private password.
Access was restricted to the researcher, superasdr facilitator. The data will be

secured for at least 5 years after the study

14
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Results

Of the 250 records on the paediatric data base, @Yopatient files) could not be

retrieved in the medical records department.

From the 160 files located, 65 patient recordsndiimeet the inclusion criteria and were
not analysed due to the reasons outlined in Tabléh# predominant reason was that
pregnant women did not receive AZT during gesta{®h /160, 21%) and therefore did
not fulfil the inclusion criteria. Full blood coungésults were not available in 7.5% of the
records, followed by 6.8% which were excluded beseawf maternal ante-partum
haemorrhage and 6.2% which were excluded due tbreeed neonatal sepsis. Other
factors which resulted in a reduced sample size thats1.9% (3 women) of pregnant
women were found to be on HAART and 0.6% of theorés had the diagnosis of acute

haemorrhage in the baby.

Table 1: Reasons for patient records not analysed

Reason for files not analysed Number of files

Pregnant women did not receive AZT 34 (7 confirmed unbooked pregnancies)
No blood results 12

Ante-partum haemorrhage 11

Neonatal sepsis 10

Neonatal pulmonary haemorrhage 1

Maternal HAART 3

Three mothers who were diagnosed with ante-parta@miorrhage did not receive
PMTCT AZT as well, and three babies diagnosed witlonatal sepsis were born to

mothers who did not receive AZT. Therefore theyhesigpeared twice in the above table.

15
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Female
42%

Male
58%

Figure 1: Gender Distribution of Study Neonates as a Pergenta

Figure 1 illustrates the gender distribution of #%eneonates analysed in the study. There
were more males which constituted 58% (55/95) efttital sample size. There were 40

females at a percentage of 42% of the total nurobeeonates.
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26-28 wks
6%

>31 wks
66%

29-31 wks
28%

Figure 2: Neonatal Gestational Age Distribution in Weeks

The neonatal gestational age was categorised me® tgroups, 26-28 weeks, 29-31
weeks and over 31 weeks of age. Of these, the ityaj66%) of neonates fell into the
over 31 week gestational age category, followedhiey29-31 week category of 28% (N-
95). The minority of neonates fell into the 26-28aks category (6%) of the total number
of neonates (Figure 2). Tableb2low displays the descriptive statistics for gestel
age. Since the age was not normally distributedhasvn by the Shapiro-Wilk test for

normality, a better representation of the cenwallency was the median instead of the

mean. The median neonatal gestational age was B&wee

Table 2: Descriptive statistics for Neonatal GestationatAg

Median
Minimum
Age in weeks Maximum
Range

Interquartile Range

Statistic

32.00
26.00
38.00
12.00
5.00
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20.0

17.9

Per centage %

Weight (9)

Figure 3: Distribution of Neonatal Weight as a percentage

This study population consisted of low birth-weigheonates weighing less than
2500grams. The majority of neonates weighed betwlé#i to 1700grams (17.9% of
N=95, see figure 3). The neonates were then equlidiyibuted into the 1101-1300
grams, 1301-1500 grams, and 1701-1900 grams ca&eg(5.8% each). The least
number of neonates weighed between 701-900 gran2®6)3 Table 3 shows the
descriptive statistics for the neonatal weight. waight was normally distributed, the
mean value was calculated. The mean neonatal Wwietght was 1610.92g which was
only 10g closer to the minimum weight when compgitine value obtained by addition
of the minimum and maximum weights and dividing ®y Under the 95% CI, the

estimated mean for the target population was 1529.2692.55g. The range was high for
the data set.
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Table 3: Descriptive statistics for Neonatal Weight
Mean 1610.92
95% Confidence Interval for Lower Bound 1529.27
Mean (Cl) Upper Bound 1692.55
Weight grams | Std. Deviation 200.75
Minimum 750.00
Maximum 2490.00
Range 1740.00
18
17 17
17
=
1\% 17 -
£
S 16
C—CD,, 16
% 16
I
T 15 -
15
% . 3 £
® %
Gestational Age Group in Weeks

Figure 4: Mean Haemoglobin by Gestational Age in g/dL

According to recent literature the normal mean haglobin in neonates aged 26-28
weeks is 15.1g/dL; aged 29-31 week category isgl6l2and 19.3 g/dL in the age group
above 31 week¥ Figure 4 shows results of the calculated mean Hbéndifferent age
groups. The mean Hb was 17g/dL in the 26-28 wegoay, 16 g/dL in the 29-31 week
category and 17 g/dL in the over 31 week categbingse findings are evaluated further
in the discussion.
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Table4: Distribution of Neonatal Haemoglobin in g/dL
Mean 16.65
95% Confidence Interval for Lower Bound 16.08
Mean Upper Bound 17.22

HBg/dl @birth | Std. Deviation 2.79
Minimum 11.10
Maximum 24.00
Range 12.90

Table 4 highlights the descriptive statistics fog bverall neonatal haemoglobin in all age
groups.
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Figure5: Prevalence of Neonatal Anaemia according to GesiaitiAge

Figure 5 demonstrates the prevalence of neonad@naia in the specified gestational age
categories using the definition of anaemia giverthe gestational age category of 26-28
weeks, 1 out 6 neonates (16.7%) had anaemia (HB.5g/ML). In the gestational age

category of 29-31 weeks, 10 out of 27 neonates J378d anaemia (HB < 14.5g/dL).
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The highest prevalence of anaemia (54.8%) was fonrtie gestational age category
>31 weeks, where 34 out of 62 neonates had angéiBia 17.1g/dL)
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Figure 6: Distribution of haemoglobin in neonates at birtp@sed to AZT for less than
and more than 28 days in the 26-28 week gestatametategory.

There were a total of 6 neonates in the 26-28 wgedtational age category. Five
neonates were in the AZT less than 28 day groupoaihd1 neonate had more than 28
days of AZT exposure. Figure 6 illustrates therdbstion of neonatal haemoglobin in

neonates with less than and more than 28 days ®fe¥posure in this age category.

The mean haemoglobin in neonates with less thard®®& of AZT exposure was

16.78g/dL and for those with greater than 28 daysosure was 18.1g/dL. The study
found that the difference in Hb was statisticalhsignificant when comparing the

duration of AZT exposure in the above age groupalpe=0.609)
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Figure 7: Distribution of haemoglobin in neonates at birtipesed to AZT for less than
and more than 28 days in the 29-31 week gestatamyetategory.

Twenty seven neonates were in the 29-31 week gasthage group. Nineteen neonates
were in the AZT less than 28 day group and 8 nesnaad more than 28 days of AZT

exposure. Figure 7 shows the distribution of nealnf@emoglobin in neonates with less

than and more than 28 days of AZT exposure indbescategory.

The mean haemoglobin in neonates with less thard®®& of AZT exposure was

16.37g/dL and for those with greater than 28 ddysxposure to AZT was 13.65g/dL.

There was a statistically significant lower mearb hh the neonates exposed to more

than 28 days of AZT in the above age group (p velu@21).
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Figure 8: Distribution of haemoglobin in neonates at birtp@sed to AZT for less than
and more than 28 days in the over 31 week gestdtage category.

There were a total of 62 neonates in the over 3dkvgestational age category. Twenty
eight neonates fell into the AZT less than 28 depug and 34 neonates had more than 28
days of AZT exposure. Figure 8 illustrates therdbstion of neonatal haemoglobin in
neonates with less than and more than 28 days ®fe¥posure in this age category.

The mean haemoglobin in neonates with less thard®®& of AZT exposure was
17.42g/dL and for those with greater than 28 ddysxposure to AZT was 16.81g/dL.
There was no statistical significance in differeircaeonatal Hb in the two AZT duration
groups. (p value=0.38)
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Table 5: Descriptive statistics for maternal A4T
duration in the male and female neonates
Gender
Total
Female Male

<28days | 26 26 52
Maternal AZT

>28days 14 29 43
Total 40 55 95

Table 5 describes the overall statistics for mate&Z T duration in males and females.

Table 6: Pearson’s correlation between neonatal weight &d

HBg/dl @birth

Weight grams

Pearson Correlation 0.041
Sig. (2-tailed) 0.694
N 95

Correlation is significant at the 0.05 level (2ed).

H

Table 6 is the Pearson’s correlation test for nedneeight and haemoglobin. This shows

a very low and insignificant correlation value 0041 and a p value of 0.694 between

neonatal weight and age.
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Table 7: Spearman’s correlation between neonatal weightahidBgestational age

weight grams HBg/dl @birth age wks
Correlation Coefficient | 1.000 0.065 0.70T"
weight grams Sig. (2-tailed) . 0.530 0.000
N 95 95 95
Correlation Coefficient 0.065 1.000 0.263
Spearman's rho HBg/dl @birth Sig. (2-tailed) 0.530 . 0.010
N 95 95 95
Correlation Coefficient | 0.701 0.263 1.000
age wks Sig. (2-tailed) 0.000 0.010
N 95 95 95

**_Correlation is significant at the 0.01 levek@iled).
* Correlation is significant at the 0.05 levelt@led).

Table 7 displays the correlation between neonatgaghit, haemoglobin and gestational
age. The correlation between neonatal Hb and tymséhage was statistically significant

with a p value of 0.01. There was no statistioghicance between Hb and weight.

Table 8: Descriptive Statistics for Gestational Age and &filaal AZT
Intake
maternal AZT N Mean Std. Deviation Std. Error
Mean
age wks <28days 52 31.7115 2.46017 .34116
>28days 43 33.6512 2.51551 .38361

The mean gestational age in the group with less B8adays of AZT was 31.71 weeks
and the mean gestational age in the over 28 dagaat was 33.65weeks (Table 8). A t-
test was carried out between gestational age aradiolu of AZT intake. The correlation
was found to be statistically significant (p valu€-1).
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Discussion:

One hundred and sixty files were located out of #% records on the paediatric
database. A total of 95 neonatal birth recordsilkedf the inclusion criteria and were
analysed. This resulted in a small study size &edfindings of this study are therefore

not generalizable.

The small study size was largely contributed tagaiicant number of missing records
and misplaced blood results. Poor record keepind) lass of data is a significant
weakness inherent in retrospective studies. Despéepaediatric department having a
complete database, at least 36% of the records méssing in the medical records
department. This was a major flaw in the study aeglond the researcher’s control.
Evaluation of records is an important part of awdiéd to promote improved quality of
care, and of researéh Without good record keeping systems in place eeitif these

can place.

Another important reason for the reduced study wi@e because a substantial number of
mothers (34/160, 21%) on the paediatric data barsellV-exposed babies had not been
commenced on PMTCT medication for various reas@wne of the reasons for the
women not receiving AZT included the fact that siiedy start date was April 2008 when
the new national PMTCT guidelines were only justdduced and many clinics had not
yet implemented the national guidelines. This destrates a delay in the PMTCT
programme being put into practice and is one ofdhallenges of implementing new
policies. Approximately 350 000 babies became tefécwith HIV in 2007°An
estimated one third of HIV positive pregnant wonteneived PMTCT in 2007'This
emphasizes the lack of implementation of PMTCT amngnresource limited settings. The
fact that 34 women attended at least one antendddl and were not started on

antiretrovirals is a cause for concern which ndadser investigation.
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A further reason for PMTCT not being taken was thatumber of pregnant women
presented for the first time in labour and werebooked at antenatal clinics (however
only 7 un-booked could be confirmed for certaingr Fhese women, HIV testing was
only performed intra-partum and often post-parturd at the very most a stat dose of
Nevirapine was administered to the pregnant woméa-partum reducing the efficacy
of PMTCT intervention.

Contributing to the small number were neonatesuelad due to the diagnosis of sepsis
(10 neonates), as well as neonates of mothers antie-partum haemorrhage (11
neonates). One neonate was excluded as a resgtlofonary haemorrhage. These
records were excluded as the neonates were exppgetential confounding factors that
could affect the haemoglobin value. Neonates ofherst who were on HAART (triple
ARV therapy) were also not included and therefoeenates of mothers with possibly
low CD4 counts were not analysed and in-utero sftkcts of HAART on the baby was
not evaluated. Currently the focus of researchrhaged towards assessing the efficacy
and side effect profile of triple ARV prophylaxisrapared to dual PMTCT therapy on
mother and baby.

The demographic representation of the study nesnates described beginning with

gender of the neonates. There was a male predocamdrb8% versus females of 42%.

Thereafter the neonatal gestational age was deskiib Figure 2. The neonates were
categorised into different age groups correspontbripe three grades of preterm births.
Extremely preterm babies are babies born earlem 28 weeks gestation, very preterm
babies are born between 28 - <32 weeks gestatbmanderate to late preterm babies are
born from 32 - <37 weeks gestatiohin this study the majority of neonates fell inket
>31 week gestational age category whereas the ityinoere aged between 26 — 28
weeks gestation. This is in keeping with Blencavea® who demonstrated that the
number of babies born increases as the gestatameincreases. The median neonatal
gestational age was 32 weeks (Table 2). The yourlgdsies were born at 26 weeks

gestation. The maximum gestational age of 38 wemkseeded the cut of for the
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definition of preterm birth however the babies batrthis gestation were still low birth
weight babies weighing less than 2500g. The gesialtiage was skewed towards the
maximum gestational age of the study neonates Hrideaages were closely clustered
with a small interquartile range as one would exgecfind for gestational age. This

distribution of gestational age allowed for theembjves of the study to be answered.

The study looked at low birth weight neonates ofllge majority of babies (17.9%)
weighed between 1501 - 1700grams followed closglybabies who weighed 1101-
15009 (15.8% in each) and 1701-1900g (15.8%, sgeré¢-i3). Only 11.6% of neonates
were extremely low birth weight (<1000g) but thissvanticipated as there are fewer
babies in this weight category who are delivéfethere was a total percentage of 43.2%
who were very low birth weight babies (<1500g). [BaB shows the minimum birth
weight was 750g and the maximum weight was 2490g. Mean neonatal birth weight
was 1610.92g which was only 10g closer to the mimmweight when comparing the
value obtained by addition of the minimum and maximweights and dividing by 2. The
distance between the mean neonatal weights anothel weights, as depicted by the

standard deviation, was high.

The mean neonatal haemoglobin was calculated ithtiee gestational age groups as
the haemoglobin is shown to increase with gestatiage in premature babies. It was
remarkable to note that local national laboratoefemrence ranges for normal
haemoglobin levels at birth and other full bloodurb parameters are currently
available for full-term babies only. The normalamince ranges for preterm neonates
were obtained from a 2011 text book of neonatal ped-natal medicine written
based on international standdrdand therefore based on mean haemoglobin values
of neonates outside our local setting. When diyezdimparing the calculated mean in
this study to the normal values for mean Hb in eagh group, as well as comparing
the study mean to the normal value for mean Hb shstandard deviation below
the mean Hb (see definition of anaemia on pagé @)as noted that the calculated
study mean Hb of 17g/dl was greater than the nommehn Hb of 15.1g/dL and
greater than the mean minus 2SD of 13.5¢g/dL. Theuleded mean Hb in the 29-31
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age group was 16g/dL and this was lower than tlmsvkrmean Hb value of 16.2g/dL
but higher than the mean minus 2SD of 14.5g/dLthin >31 weelgestational age
group the calculated mean of 17g/dL was less thanntean of 19.3g/dL and less
than the mean minus 2SD of 17.1g/dL. Thereforentkan neonatal Hb in the study
neonates exposed to AZT were lower compared todh@al values for neonatal Hb
at birth.

Table 4 displays a minimum haemoglobin of 11.0g&tld maximum haemoglobin of
24g/dL. As anaemia is said to be clinically sigrafit and severe when the haemoglobin
is less than 10g/dL during the first few days & [[Grade 3, Grade 4 Division of AIDS
toxicity levels}®, none of the neonates included in this study hagere anaemia at
birth. These findings are similar to large interoa&l randomised double-blinded
placebo-controlled studies, Connor €t ahd Sperlindf et al, who demonstrated a mild
and transient anaemia in term newborn babies egptosmtrauterine AZT. The African
study by Ziske et &f also showed similar mild haematological side effeon the
newborn with in-utero AZT exposure. The anaemiaaimewborn can be graded in
accordance with the DAIDS toxicity table into a Geal Hb from 12g/dL-13g/dL and
Grade 2 from Hb 10g/dL-11.9g/dL. However these @alapply to full-term infants only
and it is recommended by DAIDS that local normdémence ranges be applied when
grading anaemia in pre-term infants. There areocally available reference ranges and
grading systems and therefore the anaemia coultbengraded. For the purposes of the
second study objective which was to document tlgree of anaemia in HIV-exposed
low birth weight neonates exposed to AZT, the degreneonatal anaemia is said to be
clinically insignificant (Hb>10g/dL) or clinicallgignificant (Hb>10g/dL)? In this study
neonatal anaemia was found to be clinically ingigant as all Hb values were greater
than 10g/dL.

The total prevalence of neonatal anaemia in lowhkhiveight, HIV-exposed babies
whose mothers have been receiving AZT, at King Edwiospital from April 2008
to February 2010 was 47% across all gestationabemgps. The neonates were then

placed into categories according to gestational @ge prevalence in the 26-28 week
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gestational age category was 16.7%, in the 29-3dkwategory the prevalence was
37%, and in the over 31 week gestational age catepe prevalence was 54.8%.
(Figure 5) The high prevalence of neonatal ana@mtiae study is in keeping with the
commonly known side effect of AZT described in Higove mentioned randomized
control trials as well as a Cochrane meta-analygi®&/olmink et al’ A Tanzanian
study demonstrated an overall rate of 29% for ad&rhanaemia in full-term infants
who had intrauterine AZT exposur&The prevalence of anaemia was shown to
increase with gestational age and these findingddcindirectly address the™3
objective in the study. There was a statisticalignificant correlation between
gestational age and duration of AZT intake (p vatfie0.01) indicating that the
pregnant women may have taken AZT for a greateattur when continuing to a
later gestation and subsequently caused a higlesalence of anaemia in the later
gestationHowever the numbers in this study are small andealllts must be treated
with caution. No other studies were carried out parimg gestational age groups in
preterm and low birth weight babies therefore ia$ possible to compare the study’s
findings to what is already known. It is worthwhitereiterate that the normal values
for mean neonatal Hb at birth was taken from retiterature based on findings in a
first-world setting. These normal values may behargthan what is normal for a
South African newborn Hb. We have calculated thevg@lence of anaemia based on
the differences between South African newborns’ ydhies and the Hb values of
babies born into a first world country and thereftite prevalence of anaemia may be

exaggerated in this study.

The third objective of the study was to assessctireelation between duration of the
maternal intake of AZT and severity of neonataleamia. This is worthwhile in doing in
light of the latest PMTCT guidelines that requiregnant women to receive AZT at an
earlier gestation of 14 weeks as it was found th@tionger the exposure to PMTCT the
lower the transmission rates of the HI virus to firetus and neonate. In the 26-28 week
gestational age category, the majority of babiesevexposed to a shorter duration of
AZT (Figure 6). Only one neonate in this categogsvexposed to greater than 28 days of

AZT. The mean Hb was greater in the AZT>28 day grdwowever this is not significant
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as there was only one Hb value in that group. Therg no significance between Hb and
duration of AZT exposure (p value of 0.609). A Ibstudy showed that majority of
South African pregnant women had booked at a latstatjon for the initial antenatal
visit. These findings suggest that pregnant woméo ywresent in preterm labour may

have taken AZT for a relatively short period of &iff

In the 29-31 week gestational age category majofityhe neonates were exposed to
less than 28 days of AZT (76%, see Figure 7). Teammeonatal Hb was lower in
the neonates exposed to longer duration of AZT.6Q@dL vs 16.37g/dL) and there
was a statistically significant correlation betwele neonatal Hb and duration of

AZT in this age category. (p value 0.02)

In the over 31 week gestational age category 45%ebabies were exposed to less than
28 days of AZT and 55% were exposed to more thad&@®8& of AZT (figure 8). The
mean Hb in neonates with less than 28 days of A¥fdosure was higher (17.42g/dL)
than the mean Hb in the group with the lower doratf AZT (16.81g/dL). There was no
statistical significance shown when assessing [aive between neonatal Hb and AZT

duration. (p value 0.38)

Although there appears to be a correlation betwe&h duration and neonatal Hb in

the middle age group, the degree of anaemia whsastisevere. Table 4 shows an
equal number of male and female neonates were edpgodess than 28 days of AZT
in-utero and more females than males were expas@dote than 28 days of AZT.

The risk of clinically significant anaemia was resociated with the duration of
maternal AZT intake demonstrated in a study assgdbe safety of maternal infant
AZT regimen used in the PACT 076G stuflyThese findings are however different
to another similar study by Lallemant et al thatked at a long and short arm of
maternal intake of AZT and the side effects of eashmother and baby. The study
showed that mothers who were exposed to the loWgéf treatment arms

experienced more neonatal complications, for examglonatal anaemia, and other

obstetric event§’ Further research is required to adequately asbessarrelation
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between AZT duration and degree of neonatal anaatrbath. For now the benefits

of AZT PMTCT commenced at an earlier gestation @id¥ the overall risks.

The other exposure variables were compared to #wnatal haemoglobin. The
Pearson’s correlation between neonatal weight amevés not significant (p value of
0.694, see Table 6). Neonatal Hb was shown toasersvith gestational age. (p value
of 0.01) and this finding further highlights theedefor assessing neonatal Hb in the
different age groups. As one would normally exptut, correlation between neonatal

age and weight was demonstrated to be significeatilé 7).
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Limitations;

The following limiting factors were taken into caeaeration throughout the study:

« This study is entirely descriptive. Only temporallationships were demonstrated
and no causal association could be concluded.

« The inability to find all the records and the réant small study size may have
biased and significantly influenced the results.

« A number of neonates who were found to have anaemia diagnosed as sepsis
based on elevated or low white cell counts, rai€&®P and positive blood
cultures. However some of the neonates who wessifiled as sepsis did not
have these confirmatory results and were treatetpsis based on other clinical
findings. In other words the diagnosis of sepséswot clear. These patients
were all excluded from the study however the chhitindings could have

possibly been related to in - utero AZT toxicity

Confounders:

The study population itself is a major confoundecduse anaemia is a result of

prematurity. The other confounders were:

e Sepsis

» Acute blood loss in the mother peri-partum } excluded from the study
e Acute blood loss in the baby

* Haemolytic disease of the newborn

* Recurrent phlebotomy

In a descriptive study which is not set out to inéausal relationships, it was not

imperative to consider every one of these conforside
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Conclusions:

The prevalence of neonatal anaemia in low-birthgivei HIV-exposed babies whose
mothers have been receiving zidovudine, at King &dwHospital from April 2008 to
February 2010 was high, which is in keeping wita tommonly known side effect of
AZT demonstrated in large randomized controlleddigtsi and a systemic reviews
worldwide including Africa. The haematological siéffects of anaemia in neonates
resulting from AZT exposure in-utero were found le of a mild and clinically
insignificant nature in keeping with existing stesli The degree of neonatal anaemia in
low birth weight/ pre-term neonates appears tohgesame as in full-term neonates of
normal birth weight depicted in the majority of diees. The presence of neonatal anaemia
at birth has been shown to be related to the duraif exposure to intrauterine AZT in
only one of the three aggoups assessed, and the anaemia is clinically. ifhiere were

no identified issues that would warrant amendingresdu recommendations for the
routine use of AZT for the prevention of mothertdhtIV transmission however these
findings require further research involving largemmbers and follow up of neonates in

order to adequately analyse current PMTCT guidsline

Recommendations;

Further research would be required to confirm #salts of the study in view of the small
sample size and lack of generalizability. The ongdPROMISE IMPAACT clinical trial
will demonstrate side effects of all PMTCT medioas determined on a larger scale and

will also shed more light on the duration of expesio AZT on neonatal anaemia.

The investigator believes it will be helpful to fiem research in order to assess current
adherence to PMTCT national guidelines at the Igmamary health care clinics

responsible for rendering these services.

34

Dr S Hanley MMed Thesls



References:

1. DOH Clinical guidelines: Prevention of mother c¢hild transmission. In: National
Department of Health SA. 2010.

2. PROMISE IMPAACT 1077BF ongoing randomized iclat trial. 2010.

3. MacDonald M, Yadler R. Maternal child and worsehealth summit by Dr Aaron
Motsoaledi. 2009.

4. Connor EM, Sperling RS, Gelber R, et al. Rated AIDS Clinical Trials Group
Protocol 076 Study Group. Reduction of maternadmmf transmission of human
immunodeficiency virus type 1 with zidovudine tmeant. N Engl J Med.
1994;331:1173-1180.

5. Draper B, Abdullah F. A review of the preventiof-mother-to-child-transmission
programme of the Western Cape provincial governm2@03-2004. S Afri Med J.
2008;98(6):431-42.

6. Lallemant M, Jourdain G, Le Coeur S, Jean YMgset al. Single-dose perinatal
nevirapine plus standard nevirapine to prevent srath child transmission of HIV-1 in
Thailand. New Eng J Med. 2004;351(3):217-28.

7. Volmink J, Siegfried N, Van de Merwe L, Brodkigst P. Antiretrovirals for reducing
the risk of mother-to-child transmission of HIV @ttion. Cochrane Database of
Systematic Reviews. [Online; Peer Reviewed; UK &dnd]. 2007.

35

Dr S Hanley MMed Thesls



8. Moyle G, Sawyer W, Law M, Amin J, et al. Chasge haematological parameters
and efficacy of thymidine-analogue-based, highlyivacantiretroviral therapy: a meta-
analysis of six prospective, randomised, compagastwudies Cinical Therapeutics.
2004;26(1):92-7.

9. Dainak N, Worthington M, Riordan MA. Azido-dedkymidine (AZT) inhibits
proliferation in vitro of human haematopoietic peogor cells. British Journal of
Haematology. 1988;69:299-304.

10. Sperling RS, Shapiro DE, McSherry GD, BrittoeP al. Safety of maternal-infant
zidovudine utilized in the Paediatric AIDS Clinicdlrial Group 076 Study AIDS
(London, England). 1998;12(14):1805-1809.

11. Sperling RS, Stratton P, O'Sullivan MJ, Boyeet al. A survey of zidovudine use in
pregnant women with human immunodeficiency virusedtion. N Engl J Med.
1992;326(13):857-61.

12. Lahoz R, Noguera A, Rovira Nu, Catala A, Samclie Jiminez R, et al.
Antiretroviral-related haematological short-ternxitity in healthy infants - implications
of the new neonatal 4 week zidovudine regimen. Plaediatric Infectious Disease
Journal. 2010;29(4):376-9.

13. Ziske J, Kunz A, Sewangi J, Lau |, Duganged;e=t al. Haematological changes in
women and infantsexposed to an AZT-containing regirfor prevention of mother to
child transmission of HIV in Tanzania. PLoS Onel208(2): e55633

14. Taha TE, Kumwenda N, Gibbons A, Hoover D,leE#Hect of HIV-1 antiretroviral
prophylaxis on hepatic and haematological parammeteAfrican infants. AIDS (London,
England). 2002;16(6):851-8.

36

Dr S Hanley MMed Thesls



15. Taha TE, Kumwenda N, Kafulafula G, Kumfendatkl. Haematological changes in
African children who received short-term prophykawith nevirapine and zidovudine at
birth. Annals of Tropical Paediatrics. 2004;24 (@t

16. Fanaroff AA, Martin RJ, Walsh MC. Fanaroff aMhrtin’s Neonatal perinatal
medicine, Diseases of the fetus and infant. Fletdheeditor. 8 ed. Elsevier Mosby;
2011. p. 1309 - 1310. (vol 2)

17. Southgate M. Anaemia of Prematurity. eMedicinlournal. 2002;1(3)

http://emedicine.medscape.com/article/978238

18. Newland AC, Evans TGJR. ABC of clinical haeohagy: Haematological disorders
at the extremes of life. British Medical Journ®97;314(7089):1262-5.

19. Division of AIDS Table for Grading the Sevegraf Adult and Paediatric Adverse
Events. Version 1.0, December, 2004.

20. Nair N. Monthly nursery statistics. King EddarIll Hospital Nursery. 2010.

21. Nair N. Neonatal follow up clinic for HIV-exped infants. King Edward VIII
Hospital. 2010.

22. Zegers M, de Bruijne M, Spreeuwenberg P, WagheBGroenewegen P. Quality of
Patient Record Keeping: An Indicator of the QuabfyCare? BMJ Qual Saf. 2011;20
(4):314-8.

23. UNAIDS. Report on the global AIDS epidemic.n@ea, 2008.

24. World Health Organization. Towards Universal cégs: Scaling up priority
HIV/AIDS interventions in the health sector. Genez@08.

37

Dr S Hanley MMed Thesls



25. Blencave H, Cousens S, Oestegaard M, Chou DleiM&B. Maternal, regional and
worldwide estimates of preterm birth. The Lancétl2 379(9832):2167-72.

26. Sibeko S, Moodley J. Health care attendandernpatby pregnant women in Durban,
South Africa. SA Fam Pract. 2006;48(10):17

27. Lallemant M et al. A trial of shortened zidoue regimens to prevent mother to
child transmission of human immunodeficiency vitype 1. N Engl J Med. 2000;343
(14):982-91.

38

Dr S Hanley MMed Thesls



APPENDIX A

BABY
NUMBER

GENDER

GESTATIONAL
AGE (wks)

WEIGHT (g)

HAEMOGLOBIN
(g/dl)

DURATION OF AZT (days)

@ BIRTH

MATERNAL

INFANT




