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Abstract-we are interested in describing the biological phenomenon of the time of serorevertion 
or death due to AIDS. By the serorevertion, we mean the cleansing of maternally derived antibodies 
against HIV by seropositive children without HIV infection, and the survival is related to how long 
HIV infected children survive. In order to perform a posteriori descriptions of retrospective data 
related to babies from HIV infected mothers, we develop a simple statistical methodology. The 
resulting statistical model is a function of two parameters named half-age and phenomenon-ga.uge. 
The model’s parameters are fitted to the collection of seropositive children’s data by the maximum 
likelihood estimation method. We compare this parametric estimation with nonparametric Kaplan- 
Meier estimation with respect to the half-age. @ 2003 Elsevier Ltd. All rights reserved. 

Keywords-mv, AIDS, Serorevertion, Survival, Stochastic process Estimation, Phenomrnon- 
gauge. Half-age. 

1. INTRODUCTION 

The infection of children with HIV by the vertical transmission route has been reported since 
1982 [l]. Since then the epidemiological evidence pointed to prenatal acquisition of HIV as the 
principal route of transmission [2]. Other routes may occur as perinatal transmission m utero via 
transplacental infection of the fetus, during labour and delivery by contact with infected blood 
and secretion, and postnatally via breast milk [3-51. 
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Most authors believe that the majority of the children are infected during labour, due to the 
contact with maternal infected blood and secretions. In a multicentric survey with twins born to 
HIV infected mothers, it was observed that the first twin showed a higher rate of HIV infection 
than the second one, probably due to longer contact with maternal secretions [6]. The HIV 
infected (pregnant) women were initially those belonging to high HIV at-risk group, or those in 
contact with recipients of blood or blood products, or those whose sexual partners belonged to 
a high HIV at-risk group. However, nowadays, many other groups of women are at-risk to HIV 
infection, such as housewives, for instance, The most important risk factor for HIV infection 
among female population in Brazil is through sexual relationships [7]. 

Since the HIV transmission from an infected mother to her baby occurs most probably late in 
pregnancy or during labour and delivery, some drugs can be used to decrease this transmission. 
Hence, antiretroviral prophylaxis of the neonate during the time of HIV exposure at birth can 
be done by zidovudine or nevirapine, because techniques as the CD4 cell counts, HIV RNA PCR 
assays and HIV culture permit the confirmation of a vertical transmission of HIV [8]. However, 
when an anti-HIV antibodies screening of the babies born from HIV infected mothers is performed, 
not all the seropositive children are effectively HIV infected because some of them may harbour 
only maternally derived antibodies against HIV. Moreover, if we are restricted only to the anti- 
HIV antibody test by EIA and western blot in children, the following-up of these seropositive 
newborns permits us to decide about the status of HIV infection. The reason is that this follow- 
up of newborns provides us with two mutually exclusive reachable situations by a seropositive 
newborn: the cleansing of maternally derived antibodies against HIV (serorevetiion phenomenon, 
hereafter) and the vertically transmitted HIV infection (s~tival phenomenon, hereafter). The 
HIV infected newborn generally develops into a pediatric AIDS case, which shortens the life span 
due to death caused by an infection or other opportunistic diseases. 

The serorevertion phenomenon is characterized by the continuous decaying of maternally de- 
rived antibodies against HIV, since the newborn effectively uninfected by HIV does not produce 
antibodies. This decaying can be approximated by an exponential function [9], that is, the 
decreasing rate in the amount of anti-HIV antibodies is proportional to the actual amount of 
antibodies. In turn, the death of vertically infected HIV children can be understood as a result 
of the cumulative destruction of the helper/inducer subpopulations of CD4 T-lymphocytes by 
HIV. In the beginning of the infection, the immune system is activated and controls the disease, 
but after a variable period of time, the immune system is weakened and initiates the period 
when the rate of depletion of T cells by HIV is higher than their production, leading to the 
deficiency in the immune response. This immune-deficiency is the gate by which other infections 
can be initiated and rapidly spread out, leading sometimes to death. This diminishing of T cells 
population can roughly be described by an exponential function, although with lower depletion 
rate than the antibodies degrading rate. Observe that in both phenomena, there is continuous 
depletion of antibodies and CD4 cells with time, that is, we have occurrences flowing in only one- 
direction, contrary to many physical phenomena where the flow of the variation can be reversed, 
for instance, in physics, a particle can have its energy either increased or decreased. 

Our goal is the development of a methodology to treat the previously discussed phenomena 
concerning HIV infection among children, which is a unidirectional flow completely dependent on 
the observations along the time. This methodology is applied to records obtained from follow-ups 
of seropositive children from the Emflio Ribas Infectology Institute, located in S&I Paulo State, 
Brazil. These data (a retrospective collection) consisted of seropositive newborns followed-up 
from December 1985 until September 1996, which reported only the age at which they seroreverted 
or died (further details about the data are presented in Section 3). Although the factors that 
determine the serorevertion and survival, which are, respectively, the cleansing of maternally 
derived anti-HIV antibodies and cumulative destruction of CD4 T-lymphocytes by HIV, can now 
be measured [8], the data were not available in the study. 
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To deal with this kind of retrospective data collection, we must develop an aPProPriat(’ &vice. 

The level of anti-HIV antibodies concentration (in the serorevertion) and the remaining amount 
of CD4 T-lymphocytes cells (in the survival), which can be related to appropriate biological 
conditions, were not, available in the data collection. Nevertheless, the serorevertion and the 
survival can be completely assessed by following up, and for this reason, we will introduce a 
latent variable to assess the unavailable biological conditions to help us to construct an age-specific 
methodology to treat, the data. So, conditionally to the latent variable, the biological conditions 
are irrelevant. Another feature of these data collections is related to the great variability among 
the followed-up children with respect to the occurrence of the serorevertion and the death due to 
HIV/AIDS. 

Taking into account the above considerations, in this paper, we derive a probabilistic survival 
distribution to deal with the serorevertion and the survival phenomena. Regarding t#he phe- 
nomenon of the cleansing of maternally derived antibodies against HIV by uninfected children, 
we deal with the change of status of seropositive children (initial state) to seroreverted children 
(final state). On the other hand, t-o treat the phenomenon of vertically transmitted HIV infection; 
we deal with the change of status of HIV infected children (initial state) to children dying due 
to HIV/AIDS (final state). To analyse the above two transitions from the initial to final states, 
we are assuming that all the followed-up children have been breast-feeding equally and are in t,hr-1 
same environment and under the same care (hospitals or care centers) conditions. 

The statistical model is based only on two parameters of easy interpretation and is used to 
describe both serorevertion and survival phenomena. The first parameter is the half-age. i.e.: 
bhe age at which the probability of occupying the initial state (or final state, which are the 
serorevertion or the death of HIV/AIDS children) is one half, and the other is the phenomenon- 
gauge, i.e., a parameter to discriminate the serorevertion and survival phenomena. which occur 
in distinct regions of ages largely separated. However, inside a specified phenomenon, the latter 
parameter also measures the heterogeneous children responses facing the same externa.1 stimuli 
applied on them. These two parameters may depend on many factors [lo-121. Among them. 
we state the risk category of their mothers, for instance, if she belongs to an injecting (irllg user 
(IDU) group or if her sexual partner is HIV infected or both; the individual response to cleanse 
the maternally derived antibodies or to the development to AIDS pediatric; the treatment in 
course and the BCG vaccination. In this paper, we estimate both parameters by the maximum 
likelihood method. 

This paper is divided as follows. Section 2 contains the development of a statistical model in 
terms of the parameters half-age and phenomenon-gauge. Section 3 compares the nonparwmttrlc, 
Kaplan-Meier estimator, which is in Section 3.1, with the proposed parametric model, whi(,h ib 
in Section 3.2. Finally, the results are commented on and discussed in Section 4, 

2. THE STATISTICAL APPROACH 

In this section, we deal with the time duration between the birth and the time of serorevertion 
or death, stochastically. 

Let us assume that the transition time is related to a latent variable, say W, which is based 
on the biological conditions of a child and is not necessarily observable. We have two distinct 
biological conditions, according to the phenomenon in the study. With respect to the survival 
of the child infected with HIV, the main biological condition is related to concentration of CD4 
cells in the blood stream. In this case, high concentration of CD4 cells indicates a better health 
condition, and its lowering results in AIDS disease and death. On the other hand, the serorever- 
tion deals with children with high levels of maternally derived anti-HIV antibodies that diminish 
progressively until their cleansing, while their health condition is unchanged because they are 
uninfected children. Note that both phenomenon consider the transition from high level to low- 
ering of CD4 cells (anti-HIV antibodies). Therefore, the latent variable W relates inversely with 
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the biological conditions, that is, lower values of W indicate high probability of maintaining the 

initial state. Additionally, let us suppose that the distribution of this latent variable at the tran- 
sition is supposed to be an exponential function of the hazard rate X [13]. The interpretation of 
the parameter X follows below. 

Let us assume that conditionally to the biological conditions w, the distribution of the age 4 
is proportional to the distribution of ln(X + l), where X has an exponential distribution with 
(constant) hazard rate w. The rationale behind it is that the expectation of the transition 
age, conditionally to the biological conditions, decreases proportionally to the logarithm of the 
biological conditions w, that is, 

D(A ( W = w) = D [t-l ln(X + l)] . (1) 

D(A / W = w) is the distribution of age (the time duration between the birth and the transition) 
conditionally to the biological conditions and < is a positive auxiliary parameter relating age and 
biological conditions. The exponential relation between the elapsed time since the birth and the 
biological conditions (the decrease in the maternally derived antibodies anti-HIV and the reduc- 
tion in the number of T-lymphocyte cells) were taken according to the empirical observations. 
On the other hand, the data presented a large range of variation and the log-transformation 
provided a better fitting [14]. 

Conditionally to w, the probability function of the age A at the transition is given by 

f(Apq(U 1 w) = wpvw(ef~-l), a > 0 and w > 0. (2) 

Thus, the probability that a child keeps the initial state, conditionally to W = w, is given by 

ScAlw) (a 1 w) = f~-~(~‘“-~), a > 0 and w > 0, 

with the marginal survival function given by 

SA(a) = 
1 

1 + X-l (ecu - 1) ’ 

where weight is taken as the biological conditions 1151. 
Now we can interpret the parameter X. Let us define the half-age r as the age at which the 

probability of keeping the initial state is half. Then, we must have at this half-age SA(T) = l/2, 
which is satisfied if we have X = e CT - 1. Substituting this in expression (4), we obtain 

SAca> = 
1 

1 + (eta - l)/(eE’ - 1)’ 

Therefore, the hazard rate X, which is related to the biological conditions, can be set in terms of 
the half-age T by 

7-= 
ln(X+ 1) 

E ’ 
(6) 

according to relation (1). 
From the probability given by equation (5), we can calculate the probability density of the 

transition at age a, given by 

fA(a) = (et’ - 1) (1 + (eE” - l)/(ec’ - 1))“’ 

which comes from the relation f~(a) = - w, and the hazard function, given by 

Ea 

h(a) = (et’ - 1) (1 + iFa - l)/(ecr - 1)) ’ (8) 
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which comes from the relation h(a) = f~(u)/S~(a). Ob serve that the logistic density can be 

retrieved if we have eEa > 1 (a > 1) and et7 >> 1 (7 >> l), where r and l/c are, respectively. 

parameters of location and scale [16]. 
We can analyse the limiting distributions of the probability given by equation (5) with respect 

to < to better understand this parameter. In order to do this, we define the age related transition 
rate 6 as being the inverse of the parameter p (dimension of time), that is! 

The parameter p can be considered as a measure of the phenomenon-gauge to discriminate be- 
tween phenomena, and intrinsically inside the specified phenomenon, measures the heterogeneous 
response of the population. 

Let us consider the case p < 1. In this case, equation (5) takes the form 

f’A(a) = 
1 

1 + e-(7-)/4 ’ 

where we have used eta - 1 = ealP - 1 M eal@ and (e”ip - 1)-l x e--7/0. The related functions 
fA(u) and h(o) can be easily obtained. Note that if we change the variables according t,o (1 --+ E, 
r ---f EF, and ,0 --+ kT, the resulting equation can be compared with the Fermi-Dirac distribution 
of particles with energy &, which is given by 

FD(&) = 
1 

1 + e-(EF-E)IkT’ 

where EF is the Fermi energy, k is the constant of Boltzmann, and T is the absolute tempera- 
ture [17]. Note that when p + 0, all the transitions occur at the same age. 

The Fermi-Dirac distribution relates the particles that are indistinguishable and obey the 
principle of exclusion. Also, the newborns we are dealing with are indistinguishable (the initial 
state is characterized by the seropositive or HIV infected children) and the initial and final states 
are mutually exclusive. However, the main difference is related to the two-directional energy 
variation of particles (equilibrium transition) in opposition to the one-directional time flow. Also, 
note that the phenomenon-gauge parameter was related to describe two phenomena, although 
the biological conditions are different. However, note that the absolute temperature (kT) in 
Fermi-Dirac statistics plays a role similar to that we have defined for the phenomenon-gauge (p) 
if a phenomenon is specified. Therefore, as the temperature disturbs the system of part#icles to 
a large spectra of occupied energy states, in some degree the phenomenon-gauge, a parameter 
dependent on the whole biological constitution of the individual, measures the diversity in the 
physiological response when the individual is followed up to study or serorevertion or survival. 

The other extreme is the case /3 -+ co. This case corresponds to the limiting situation of the 
survival phenomenon. We have the probability of occupying the initial state given by 

1 
SA(u) = 1 + (U/T)’ 

and the related functions fA(e) and h( a can be easily obtained. This distribution takes the ) 
shape of hyperbolic curve (vertical asymptote at a = -r). 

In the next section, we apply the probability given by equation (5) to retrospective collection 
of data. 

3. FITTING THE DATA 

Preliminarily, we describe the 583 followed-up children from the Emilio Ribas Infectology 
Institute, from December, 1985 until September, 1996. The collected data consist of ret,rieving 
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from the hospital’s records the age at which the serorevertion or death occurred. With respect to 

the drug administration, a fraction of these followed-up children were treated, and the remaining 
children without treatment are comprised by the earliest cases, when the drug treatment was not 
available. In this first analysis, we are not taking into account the effects of treatment in the 
surviving children. 

Of the total of 583, we discharged 22 children due to the incomplete information related to the 
serorevertion or death. A summary of 561 followed-up children is shown in Table 1. 

Table 1. This data is from the Emilio Ribas Infectology Institute. We present the 
number of samples (#) by gender, with their average (mean) and standard deviation 
(St. Dev.) with respect to ages, expressed in months. The states of children are 
seropositive (0), HIV/AIDS (l), seronegative (Z), and death (3). 

State # 

0 27 

1 192 

2 172 

3 170 

Both Female Male 

Mean St. Dev. # Mean St. Dev. # Mean St. Dev. 

7.59 5.58 11 7.96 5.99 16 7.34 5.47 

67.48 39.95 85 59.60 31.00 107 73.74 45.00 

12.56 7.44 91 12.81 7.37 81 12.28 7.56 

39.98 39.07 88 38.93 36.00 82 41.10 42.33 

In this paper, we are not considering the pregnant women’s risk group or the age at which the 
drug administration was started. These factors may influence mainly on the half-age, and the 
analysis is left to a further paper. Here we restrict our analysis to the effect of gender. The data 
are fitted by nonparametrized and parametrized methods. 

For the estimation of the parameters in the serorevertion study, we considered 27 seropositive 
children as censored and 172 seronegative children as transited, in a total of 199 children. The 
mean and the standard deviation for these data are 11.89k7.41 months. If we consider gender, for 
102 females, we found 12.29-f 7.36 months, and for 97 males, 11.47f 7.46 months. The maximum 
observed age of female children followed up is 37.3 months, while for males, 56.9 months. 

For the estimation of parameters related to vertically HIV infected children (survival study), 
we considered 27 seropositive and 192 HIV and AIDS symptomatic children as censored (partial 
sum 219) and 170 HIV/AIDS children who died as transited, in a total of 389 children. The 
mean and the standard deviation for these data are 51.30 f 42.10 months. If we consider gender, 
for 184 females, we found 46.63 f 35.43 months, and for 205 males, 55.50 f 46.97 months. The 
maximum observed age of female children followed up is 170.4 months, while for males, 203.2 
months. 

The reason for including the 27 seropositive children, whose destiny is not yet defined, in both 
studies are as follows. The first is our total ignorance about their situation, since we are taking 
into account only the level of anti-HIV antibodies, and the other is the relatively small number of 
children in this class, which is around 10% of the sample size. Therefore, instead of developing a 
complicate probability distribution to state these children are in one of the two studies, we simply 
added these children in both studies. On the other hand, with the inclusion of the censored data, 
the comparison between parametric and nonparametric models becomes more appealing. 

In the next sections, we deal with the nonparametric and parametric estimation of the model’s 
parameters. In this paper, we are not considering the estimation of the vertical transmission 
rate [18] nor the reduction in the risk of vertical transmission due to drug treatment, but simply 
following up seropositive children to assess the half-age r and the phenomenon-gauge 0. 

3.1. Nonparametric Kaplan-Meier Estimation 

The data are fitted by the nonparametrized Kaplan-Meier estimation method [19]. In Fig- 
ures la and lb, we show the Kaplan-Meier estimation. 
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Figure 1. The nonparametrized Kaplan-Meier estimation of the serorevertion and 
survival phenomena: the probability function of keeping the seropositive state [a) 
and the alive state (b). 

Observe that the serorevertion probability follows a reversed sigmoidal shape, while the survival 
probability can be described by either decaying exponential or reciprocal function. 

From Figure 1, we can determine numerically the half-age T provided by the Kaplan-Meier 
estimation method. The result is shown in Table 2. 



258 H. M. YANG et al. 

Table 2. The Kaplan-Meier estimates of the half-age (r, in months). The estimation 
is based on the data presented in Table 1, for the serorevertion and the survival. 

Male 11.44 101.31 

In relation to the serorevertion, the probability of maintaining the initial state attains one half 
around 11 months for both genders and, thereafter, the probability decreases quickly. The age 
at which the probability of surviving attains one half differs significantly with the gender. We 
obtained the half-age 73.8 and 101.3 months for, respectively, females and males. We observe 
that all children are seroreverting at almost the same ages (11.03 for females and 11.44 for males), 
but with respect to those surviving, the female children die earlier than males. 

We can conclude from these findings that there are indications that gender is not important with 
respect to the seroreverting phenomenon, but plays an important role in the survival phenomenon. 

3.2. Parametric Estimation 

The parameters of the probability, given by equation (5), and the probability density of tran- 
sition, given by equation (7), can be estimated by the maximum likelihood method. By applying 
the invariance principle, we estimate both the half-age r and the phenomenon-gauge p. 

We maximize the log-likelihood 1, given by 

1 = c In [fA (%)I $- c In [SA (at)] , (12) 
t c 

where SA(U) and f~(o) are, respectively, given by equations (5) and (7) and the subscripts t 
and c stand, respectively, for children who transited from initial state to final state and who are 
censored. 

Table 3 presents the estimated model’s parameters considering the raw data. 

Table 3. The fitted half-age (T in months and variance uz), < (in months-’ and 
us”) and the covariance r&, with corresponding minus the logarithm of the likeli- 
hood (-1). df stands for the degree of freedom. The estimation is based on the data 
presented in Table 1, for the serorevertion and the survival. 

Serorevertion Survival 
Parameters 

Both Female Male Both Female Male 

T 12.01 12.07 11.87 81.16 67.60 98.03 

2 
5 0.32 0.70 0.59 52.88 51.97 215.7 

E 0.244 0.232 0.258 0.0045 0.011 0.0008 

0.0002 0.0005 0.0004 0.000007 0.00002 0.00001 

0.003 0.007 0.004 -0.007 -0.01 -0.02 

-1 572.8 304.6 268.0 978.9 491.0 484.6 

df 196 99 94 386 181 202 

First, we observe a much higher value for c(= l/p) in the serorevertion phenomenon in compar- 
ison with the survival phenomenon. The interpretation of this parameter as a phenomenon-gauge 
is very appropriate because this parameter can be scaled according to the phenomenon in study. 
Second, the early serorevertion of males in relation to females shown by parametrized estimation 
can be better understood by looking to the estimated phenomenon-gauge. Observe that the male 
children (0 = 3.88) are more homogeneous than females (p = 4.31). This parameter justifies the 
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reversion in the serorevertion half-age when the parametrized estimation is compared with the 
nonparametrized one. But, for survival, we observe a great heterogeneity among males. Observe 
that the estimated values of p for the serorevertion and survival phenomena are situated at a 
very distant interval of age. 

Note that, to deal with the raw data, we must calculate the values for the exponential function 
for large ages. For this reason, we transform the age by taking the logarithm (Appendix), 
according to ln(a + 1). Table 4 shows the estimates related to the log-transformed data 

Table 4. The likelihood estimation using the log-transformed data, ln(a + 1) The 
legends are equals to those described in Table 3. 

Parameters I---- T’ 

ff;, 

l- Serorevertion 

Both 

2.52 

0.0013 

3.64 

0.04 

-0.0006 

561.7 

196 

Both 

4.44 

0.01 

1.03 

0.006 

-0.004 

980.3 

386 

Survival 

Female 

4.24 

0.02 

1.15 

0.0132 

-0.007 

493.7 

181 

Malt> 

-1 6,s 

0.03 

0.93 

0.0129 

-0.01 

484 4 

202 

We observe that the log-transformation of the data diminished the distance of the estimated 
value of < between serorevertion and survival phenomena. This is a result of the log-transforma- 
tion which shortened the distance of the regions of age where both phenomena occur. Using the 
relation between 7’ and the half-age 7 given by expression (19), the estimates of the half-age 
for serorevertion and survival are (in months), respectively, 7 = 11.49 and 7 = 83.92 for both 
genders, 7 = 11.54 and 7 = 68.36 for females, and T = 11.42 and 7 = 103.93 for males. 

Comparing the half-ages provided by Table 4 with Tables 2 and 3! we observe that the log- 
transformed data present values closer to those in Table 2 than with the raw data. In relation 
to serorevertion, the log-transformed data fitting is always better than the raw data, but the 
improvement is very little. However, as for survival, only for the fitting related to males showed a 
little improvement. Note that the variance obtained from the log-transformed data is lower than 
that obtained from the raw data. We observe that the parametrized surviving half-age estimate 
is smaller than the nonparametric estimate, while in relation to the serorevertion half-age, it is 
larger. 

Second, we will comment the Tables 3 and 4 accompanied by figures obtained from the fittings. 
With respect to the serorevertion phenomenon, the estimat,ed age at which the seroreverting 

probability is equal to one half is only slightly smaller for males (11.87) than females (12.07), 
contrary to the Kaplan-Meier estimates. The phenomenon-gauge for serorevertion are (in months) 
P = 4.10 for both genders, p = 4.31 for females and p = 3.88 for males. There is no statistical 
evidence of difference between males and females (for both phenomena and for both parameters, 
the pvalues are larger than 0.50). Since the estimates are very close and the Kaplan-Meyer 
estimates for male and female are also very close, we will treat them as a unique group. 

Figure 2 shows the probability of keeping the initial (seropositive) state, which shows a very 
good fitting. 

This figure shows the estimated probability function with and without the log-transformation of 
the data. In relation to the raw data, in the earlier ages, the ‘shoulder’ is less prominent than that 
observed in the nonparametrized estimate. On the other hand, the logarithm transformation, 
which privileges during the estimation of the lower ages, the shoulder is more pronounced in this 
estimate. The fitting provided by the log-transformed data is practically coincident with that 
provided by the Kaplan-Meier estimation. 
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Figure 2. The parametrized estimation of the serorevertion phenomenon, using the 
raw data (thin curve) and the log-transformed, In(a + l), data (thick curve). The 
Kaplan-Meier estimation (dotted curve), and the curves are irrespective of gender. 

Figure 3 shows the curves of the probability density of transition and the hazard function 
related to the serorevertion. 

Figure 3a shows the probability density of transition related to the serorevertion. We note 
that the mode is around the half-age with respect to the raw and the log-transformed data, 
the half-age being lower for the last case. Figure 3b shows the hazard function related to the 
serorevertion. Observe that the hazard increases monotonically with age when dealing with the 
raw data, however, the hazard function decreases for higher ages when dealing with the log- 
transformed data. In this case, the mode is around 15 months. At age zero, we have near zero 
value for the probability density of transition and zero value for the hazard function. 

Comparing the fitting obtained from the raw and the log-transformed data with respect to 
the derived functions given by Figure 3, we observe that the log-transformed data give better 
estimation. The first improvement is in the probability density of transition, where a very low 
value is assigned at birth (Figure 3a). The value of transition density around 0.015 assigned 
by the raw data to the newborns is biologically unreasonable. The other improvement is in the 
hazard function, where we observe a peak at around 15 months [18], and further decreasing. 
Biologically, since we are treating the degradation of antibodies against HIV, it is reasonable to 
find lower hazard values for higher ages. On the other hand, we can use 15 months (the mode) 
as the censoring age, instead of 18 months [20]. Hence, a child can be considered uninfected by 
HIV if antibodies against HIV is absent at this time of censorship. 

With respect to the survival phenomenon, we find some statistical evidence of the influence of 
gender. For the raw data, the pvalues for the difference between the estimates for males and 
females are equal to 0.063 for r and 0.069 for t, while for the log-transformed data, the pvalues 
are 0.065 and 0.16 for T and <, respectively. Comparing the results given by Tables 2-4, we can 
observe that the half-age is approximately 28 months less for girls than for boys and that the 
boys are more homogeneous than girls. The half-age estimated with the log-transformation is 
closer to the nonparametric Kaplan-Meyer estimates. 

We show the results related to survival probability in Figure 4. Figure 4a is related to the raw 
data and Figure 4b is related to the log-transformed data. 
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Figure 3. The probability density of transition (a) and the hazard function (b) related 
to Figure 2, using the raw data (thin curve) and the log-transformed, ln(a + l), data 
(thick curve). The curves are irrespective of gender. 

The fitting gives higher probability of surviving for male children than females. We observe 
that, in comparison with the Kaplan-Meier estimation, at lower ages the log-transformed data 
fits better than the raw data, which is not true at higher ages. The different behaviour with 
gender can be better observed in the probability density of transition and the hazard function. 
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Figure 4. The parametrized estimation of the serorevertion phenomenon, using the 
raw data (a) and the log-transformed, ln(a+ I), data (b). We also show the Kaplan- 
Meier estimation. 

In Figure 5, we present the probability density of transition related to survival. Figure 5a is 
related to the raw data and Figure 5b is related to the log-transformed data. 

Figures 5a and 5b show monotonically decreasing functions, except for the female in Figure 5b, 
which shows an initial increasing. Also we observe, in general, that female children are under 
higher probability density to death due to AIDS than male children. 
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Figure 5. The probability density of transition related to Figure 4, using the raw 
data (a) and the log-transformed, In(a + l), data (b). 

In Figure 6, we present the hazard function related to survival. Figure 6a is related to the raw 
data and Figure 6b is related to the log-transformed data. 

Figure 6a shows a monotonically increasing hazard function to female children when considering 
raw data. Biologically, this increasing hazard of dying at higher ages is very reasonable. Again, 
we observe that the female children are under an increased hazard of dying than male children. 
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Figure 6. The hazard function related to Figure 4, using the raw data (a) and the 
log-transformed, In(a+), data (b). 

Using the same probability function, we estimated two distinct phenomena. In relation to 
serorevertion, the results provided by parametrized estimation are very close to those provided 
by the Kaplan-Meier estimation. This is not observed with respect to survival phenomenon. 
The parametrized estimation comes close to the Kaplan-Meier estimation up to 120 months, 
afterwards we have a great discrepancy. Note that the similarity of both estimations with respect 
to male children increases until 135 months. We explain the difference between the Kaplan-Meier 
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and the parametrized estimations taking into account the sample size. The sample size related 
to male comprises 194 children under 135 months, and above this age, 11 children. In relation to 
female, the sample size is 179 children under 120 months, and above this age, five children. 

With respect to the estimation, we observed the same feature given by the Kaplan-Meier esti- 
mation, that is, the results pr’ovided by the parametric estimation show that the serorevertion is 
not influenced by gender, however, the survival is strongly dependent on gender. Biologically, the 
degradation of the antibodies appears to be independent of the characteristics of the individuals, 
which is not true with respect to survival. For this reason, gender influences strongly the survival, 
but does not matter in relation to the serorevertion. 

4. DISCUSSION 

We developed a statistical model to deal with the data from a retrospective coll&ion of 
followed-up children. The data consisted of observing the age at which children seroreverted 
or died due to HIV infection. The model was developed based on generally unobserved bio- 
logical aspects, such as the threshold level of anti-HIV antibodies and the minimum amount of 
T-lymphocyte cells, that marks the exact moment of the transition from the initial to final states. 
The resulting model was structured in two parameters, the half-age and the phenomenon-gauge 
Both parameters of the model were of easy interpretation, according to the biological findings. 

Initially, both phenomena, the serorevertion and the survival, were treated in terms of the 
Kaplan-Meier estimation method. The results provided by this method were taken as thg: gold 
standard values. 

The model, even though being very simple with only two parameters, fitted nicely to the 
data set of two distinct phenomena: serorevertion and survival. The fitted curves (reversed 
sigmoidal and exponentially decaying shapes for, respectively, serorevertion and survival phe- 
nomena) showed the appropriateness of the model to describe both phenomena. The different 
shapes were obtained due to the scaling factor, called the parameter of phenomenon-gauge. This 
survival distribution function seems to produce the same shape with respect to Gamma distri- 
bution or log-normal distribution. However, from this model, we can do a direct comparison 
with the Fermi-Dirac distribution, which provided the interpretation for the phenomenon-gauge 
regarded to intra-phenomenon. 

As for the estimated parameters, female children, in comparison with males, seem to show a 
slower decay of maternally derived antibodies, but less resistance against HIV infection, which 
leads quickly to death due to HIV/AIDS. Also, we observed that the male children are much more 
heterogeneous than females with respect to survival. However, male children behave slightly more 
homogeneously than females with respect to serorevertion. If we take into account thr broadly 
dispersed age of the followed-up children and use the log-transformation, we observe quite the 
same set of estimated parameters obtained with the raw data. 

As for the variance of the estimated parameters, we observed very large values for the survival 
study, while for the serorevertion study, they are very small (see Table 3). These results are 
biologically reasonable. For the serorevertion, we have the degradation of the maternally derived 
anti-HIV antibodies circulating in the bloodstream of the child. Therefore, this degradation must 
be very insensitive to the different physiological conditions of the children. However: the inter- 
action between HIV and the immunological system of the children must vary broadly, depending 
upon many features. Some of them must be the nutritional status, the genetic dependency of the 
immune system, and the genetic constitution of each individual. 

By comparing the parametrized estimation with those provided by the nonparametrized 
method, we observe that the Kaplan-Meier estimates are generally larger than the estimates 
given by our model. A possible reitSon could be the censored data in the Kaplan-Meier method. 
which, in the maximum likelihood method, were assigned by a probability density function. 
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With respect to the log-transformation of collected data, we observed very slight improvement 
of the estimation, in relation to the raw data. However, this transformation “homogenized” the 
large range of occurrence of the phenomenon, and for this reason, the variance related to half-age 
was greatly diminished. 

APPENDIX 
The likelihood estimation method [21,22] uses the logarithm of the likelihood function, given 

by equation (12). To perform this estimation, we need the initial guess. This can be provided by 
a Kaplan-Meier estimator. 

The estimator S? = IFi]’ provided by the Kaplan-Meier is used as the initial guess in the 
maximum likelihood estimation method with the logarithm of the likelihood function (12). This 
expression maximizes at 

because the inverse of the covariance matrix, neglecting the second derivatives of the likelihood 
function in relation to the parameters given by 

has negative value. The estimator that obeys (13), 6, is the value searched. 
Due to the approximation in the second derivative, the likelihood estimation is obtained by the 

Levenberg-Marquardt nonlinear fitting method. This method is the modified Newton-Raphson 
method, where the increments in the new set of parameters are given by 

I=&(c) = 
{ 

C2(s2)(1 f E), on the diagonal, 

v-2wY off the diagonal, 
(15) 

where u2 and q2 are, respectively, the variance and covariance of the matrix (14), and E is an 
auxiliary parameter. 

The first derivative of the likelihood function 1 with respect to the parameters are given by 

(16) 

where 
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Observe that when we use the logarithm of age, we have the change 
given by 

(17) 

+A(4 . 1 
on the function fA(a’), 

fA [In u’] = 
U’ (et+ - 1 ) [l + (&Wa’) - l)/(eW - 1)12’ 

(18) 

where a’ = a + 1, and we have the relation 

between r’ and r. 

r=e T’ - 1 (19) 
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