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Abstract

Knowledge of the timing of perinatal transmission of Human Immunodeficiency Virus (HIV) would be valuable for the determination
and evaluation of preventive treatments. Effective strategies are urgently needed to reduce mother to infant perinatal HIV transmission.
Various ongoing or planned trials and studies concentrate on mode of infant feeding or antiretroviral therapy to the infant over the breast-
feeding period. It is essential to determine the risk of perinatal HIV transmission. Further it is also essential to observe when the perinatal
transmission takes place in infant. The main idea of modeling is to estimate the probabilities of positive polymerase chain reaction
(PCR). The transmission of HIV from a HIV-positive mother to her child during pregnancy, labour, delivery or breastfeeding is called
perinatal transmission. It results from fetal exposure to the maternal fluids or infected maternal secretions. The present article proposes
the generalized statistical models that simultaneously estimate the risks of perinatal transmission together with the sensitivity of the
screening tests for HIV infection. The article aims at brief overview of exponential and geometric distribution as lag time distributions.
The methods are illustrated with the data from a randomized control study, conducted in South Africa.
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1. Introduction

It is important to determine the risk of transmission of perinatal
HIV transmission in medical study. It is also serious the time
when perinatal HIV transmission occurs. From conception to de-
livery of infants there are three phases; antepartum, intrapartum
and postpartum. Antepartum phase is period from conception to
delivery, intrapartum phase is period during delivery and postpar-
tum phase is period following the birth of infants. Perinatal HIV
transmission can occur in one of the following phases; antepartum,
intrapartum or postpartum. It is estimated that 90 percent HIV
infected infants are infected through perinatal transmission (Raji
Balasubramanian et.al.,2001). Throughout the world research is
going on to find working methods to reduce perinatal HIV trans-
mission. According to United Nations Program on HIV/ AIDS, an
estimated 1800 HIV infected infants are born each day in the de-
veloping world. If HIV infected mother breastfed her infant, in the
postpartum phase the risk of HIV transmission is possible at some
extent. Estimation of the distribution of the time of perinatal
transmission is difficult because tests of infection status can only
be undertaken after birth. The present study is an extension of N.
Gupte et.al. (2007) work carried out as a randomized control
study, conducted in Johannesburg, South Africa.

The present article is organized as follow: Section 2, gives the
notations along with data description and also discusses the con-
struction of likelihood for the underlying data. In section 3, the
different generalized models being proposed assuming various
distributions for the lag times for estimation of the probability of
perinatal HIV transmission. Section 4, is devoted to applications

of proposed models to real life data and estimation of parameters.
Further suitability of models is also discussed. Section 5, gives
the conclusions and comments about the modeling maternal infant
HIV transmission.

2. Generalized statistical modeling for perina-
tal HIV transmission

2.1. Notations and Related Discussion

In this section, notations required for the development of likeli-
hood are introduced. If infection occurred in antepartum phase, let
a denote the probability of HIV transmission to infant in ante-
partum phase. If transmission did not occur in antepartum phase
then let B denote the conditional probability of transmission dur-
ing intrapartum phase. Therefore, in intrapartum phase the un-
conditional probability of transmission is (1 — a). After the
birth, an uninfected infant is being breastfed at time t with A(t) be
the hazard rate of infection through breastfeeding at time t. Infants
were tested for HIV infection using viral assays such as polymer-
ase chain reaction( PCR ).Under study, let N be the number of
mother infant pairs, such that infants born to HIV infected mothers
will be tested, using DNA PCR at the following time points t;,
to,... ,t (k>1). Note that t. is k™ the visit after breastfeeding dis-
continued to the infant. Let O; = ( Oy, Ojt,, ... Oy, ) denote ob-

served results of DNA PCR assays at the scheduled visits t;,
t,, ...t for i the infant, i =1,2, ... N. Note that,
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_ (1,if DNA PCR is positive 1
j = {O,if DNA PCR is negative @
i= 1,2,....N, j= t,b,. ..t
If theit*infant is breastfed then td; denote the time duration of
breastfeeding. It is obvious to assume that if thei*” infant is not
breastfed then td;= 0. The proportion of breastfed infants is con-
sidered to be . The observed data
are 0 = (04,0,,...,0y) and D = (td;, td,, ... tdy) . Using DNA
PCR results it is possible to identify all HIV—infected infants. The
sensitivity of PCR may depend upon the timing of transmission
and the time since infection. Our main interest is to study of sensi-
tivity of PCR which is characterized by random variables X, Y
and Z; which are defined as follow: If HIV transmission occurred
in antepartum phase, let X be number of days after birth for posi-
tive PCR with py be the mean and F,(.) be distribution function
of X. Similarly, if transmission did not occur in antepartum period
and it occurred in the intrapartum period then we define r.v. Y as
number of days after birth for positive PCR with p, be the mean
and Fy (. )be distribution function of r.v.Y. Similarly, if transmis-
sion occurred through breastfeeding, let Z be number of days after
infection for a positive PCR with p,be the mean and F,(.)be dis-
tribution function of r.v. Z. Random variables X, Y and Z are
considered as lag times for positive PCR assay.

2.2 Likelihood Function

In this section we construct a likelihood for the estimation of
8 = (o, B, A(D), y, My, ). Here @ is the parameter of interest. If
HIV-positive mothers breastfeed their infants, then one of the
following cases may arise

Case 1: Infants who test positive at the first test, t;

Case 2: Infants who test negative at t; and positive at ¢;,4

(=12, ...,k1)

Case 3: Infants who test negative at ¢,

The likelihood for each of the three cases is developed by N.
Gupte et al., (2007). The principle of construction of likelihood is
discussed which is used to derive the likelihood under proposed
models later. For Case 1, infants whose PCR is positive, the prob-
abilities for breast-feeding (BF) and non-breast -feeding (NBF) are
given as:

min{ t;,td;} x

pEf(0) = w1 - )1 —-p) f A(x) exp {— f A(s) ds} *
E,(t; — x)dx + w[aF(t)) + (10— a) BF,(ty)] ° 2)

For non- breast-feeding infants this probability is

prEF(0) = (1 — w)[aF.(t,) + (1 — @) BE,(t)] ®)

Similarly, for Case 2, infants whose HIV status by PCR is nega-

tive at time ¢;, and positive at time t;,.; the probabilities for

breastfeeding and non- breast-feeding infants are given by
min{tj,td }

ptBj’;jH = o(1l-a)1-p) f A(x) exp{ jl(s)ds}

* [FZ( +1—x) F(t )dx+
f:in{t“l'tdi}l(x) exp{— fo A($)ds}F,(tj41 — x)dx +
wla(F (1) — B (@) + (1 — a)BF(E+1) — B ()] (4)

NBF

B = (1) [a(F(tien) - B(t)) + 1 = B (B (1) -
B (1))] (5)

respectively. Finally, for Case 3, infants whose PCR is negative at
tx, the probabilities for breastfeeding and non- breast-feeding
infants are given by

min{ty,td;}

per(6) = w1 —a)(1-B) f A(x) exp {— f A(S)ds}
0 0

# {1 —FE,(ty —x)}dx +1

min{ty,td;} x

- Of A(x) exp {— f A(s)ds}

Fz(tj+1 —x)dx + w[aEl — F(ty))
+ A -a)B(1 - E, ()]

(6)

(1 - w)[a(l - E(t)) + (1 —a)B(1 = F () +
1-a)(1-p)] U]

poeT(8) =

From the total infants under study, for Case 1, let n?lF infants were
breastfed and nf{®F were not breastfed infants who test positive at
t,. For Case 2, let n?jfm be breastfed infants and nggfl non-
breast-fed infants who test negative at t; and positive at t;. ;. For
Case 3, let nBF be breastfed infants and nf®F be non breastfed
infants who test negative at time t,. Considering all the cases,
theexpression for likelihood function for estimating 6 is,

L(8]0,D) = [pFF(0)]"%" * [pNBF ()™
k-

1 k-1
NBF ntt
| | [pE.. (01" i *| | [pEEs, (B)17
j=1 j=1

F(G) ng; pNBF(e) npBF
®)

3. Proposed Models

In the further discussion we proposed various models for HIV
transmission based on various lag time distributions. As pointed
out earlier these are based on the various distributional assump-
tions for the lag time random variables X, Y and Z. Initially we
will discuss the form of likelihood under lag time distributions as
an exponential distribution and results are revisited as those of (N.
Gupte el al.,2007). However strictly speaking the variables X, Y
and Z can be regarded as discrete random variables hence it is
most appropriate to assume some discrete distributions for random
variables X, Y and Z. With this thought in mind it is decided to
discuss the analysis by assuming X, Y and Z to be geometric ran-
dom variables.

3.1. Exponential Lag Time Distribution (Model -
Geometric Lag Time Distribution (Model - 1)

1) and

In the case of exponential distribution transmission rates were
estimated on the basis of the following assumptions : (i) X, Y and
Z have an exponential distribution with means uy, uy and uz re-
spectively (ii) hazard rate to be constant 4 per month (iii) min{t;,
tdi }: 1, min {tj, td, }: tj, and min {tk, td. }: 1y . The likelihood
for this model will be maximized numerically using Wolfram
Mathematica 10.0. Similarly in case of geometric distribution rates
were estimated on the basis of the following assumptions : (i) X,
Y and Z have geometric distribution with parameters p, , pyand p,
respectively (ii) hazard rate to be constant A per month (iii)
min{ty, td; }=t;, min { t;, td; }=t;, and min { t,, td; }=t, .The like-
lihood for this model also maximized numerically using Wolfram
Mathematica 10.0 to obtain the estimates of the parameters.
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4. Applications of Proposed Models to Real
Life Data

In South African Study, infants admitted to Chris Hani Baragwa-
nath, coronation Neonatal Unit. As a part of treatment, Infants of
all consenting mothers were randomized to receive either six
weeks of AZT or one dose of NVP. Infants were given the medi-
cation within 24 hours of post-delivery. Under study, there were
one thousand and forty mother infant pairs enrolled. Out of which
461 mothers breastfed their infants and 512 mothers selected an
alternative feeding pattern mechanism. At the post-partum visits,
HIV infection status for infants was determined using DNA PCR.
The postpartum visits are performed at birth 3" day, 10" day,
42"day, 90"day and 180"day. The likelihood func-
tionL(g|O, D) was maximized numerically using Wolfram Math-

ematica 10.0 to obtain the estimate
4.1. Estimation of 8

Transmission rates are estimated using these models. Further us-
ing the fitted models, we have also estimated the expected propor-
tion of HIV - positive infants at each post-partum visit.

Table 1: Lag Time distribution of X, Y, Z: Exponential distribution:
Model-1

@=0.1085 B =0.05481 1=0.00000021

[,=20.64 1i,=0.1674 [£,=3.04564
7;,=0.06354 Pr.=0.09053 r,=0.1432
pr,=0.15601 pr,=0.1573

Table 2: Lag Time distribution of X, Y, Z: Geometric distribution:
Model - 11

@ =0.8408 j =0.7026 1=0.0923
,=0.999 7,70.8146 ,=0.9156
pr,=0.0527 p;,=0.1048 7,,=0.1414
p;,=0.1549 p7,=0.1752

With q,=1-p,.q,=1-p, and q,=1-p,

Table 3: AIC, BIC and AIC corrected for Model | and Il

Model AIC BIC AIC corrected
| 2347.18 2376.44 2347.26
1l 2368.66 2397.92 2368.74

5. Conclusion

On the basis of AIC and BIC results the model with lag time distribution
as exponential (Model -1) performs better as compared to geometric (Mod-
el- 1) model.(refer Table 3).The Model with minimum absolute difference
between observed probability and estimated probability of positive PCR,
that Model is suggested for real life data. The maximum likelihood estima-
tors (m.l.e) so obtained are consistent solution of the likelihood equation. It
is explored that the estimation of the parameter is under assumptions the
likelihood admits consistent and unique solution. Consistent in a sense that
the solution converges in probability to the true value 8 . As per the results
of Cramer - Huzurbazar theory, it is verified that the assumptions regard-
ing maximum likelihood estimators (m.l.e) obtained are consistent solution
of the likelihood equation using Wolfram Mathematica 10.0 (details not
shown) .This models underestimates the proportions of perinatal HIV
transmission at birth but over estimates the transmission probabilities at
subsequent visits. We have proposed models considering lag time distribu-
tions to be exponential and geometric. Further as the results are encourag-
ing authors also worked with shifted-geometric distribution as lag time
distribution.
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