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Background: Prevention of mother-to-child transmission of HIV (PMTCT) is a frequently 
used word for programs and intervention methods to decrease the risk of mother-to-child 
transmission of HIV. The aim of this study was to identify determinants of the reduction of 
CD4 count through time and the maternal transmission of HIV to their child on the PMTCT 
program at health centers in North Shewa Zone, Ethiopia.
Methods: The cohort study design was conducted by using secondary data collected from 
the cohort register of PMTCT starting from September 1, 2014 to November 30, 2017. In this 
study, a longitudinal study was conducted for two types of result; these were longitudinal 
response measurements of HIV infected women CD4 count and the time to maternal 
transmission of HIV taken from 203 patients.
Results: The prevalence rate of HIV infection among exposed infants was 5.58%. Baseline 
CD4 count, visiting times, weight, and interaction between visiting time and baseline CD4 
count had a statistically significant effect on the longitudinal biomarker. From the Weibull 
AFT model, ART start, partner test, clinical stage, educational status, place of delivery, and 
MUAC were statistically significant. Hence, as a measurement unit decreased in square root 
CD4 cell count by 1.18 elevates the risk of maternal transmission of HIV.
Conclusion: In this study, the determinant of mother-to-child transmission of HIV including 
loss of weight, ART start (ANC), place of delivery at home, illiterate and mother with severe 
malnutrition, had a significant effect. The longitudinal biomarker also had a strong associa-
tion with baseline CD4 and the risk of maternal transmission of HIV. Health education 
should be given about balanced diet, weight control, and take medication for HIV positive 
patients by the responsible bodies.
Keywords: longitudinal data, mixed effect model, option B+ program, parametric AFT 
model

Introduction
Each year, over half a million newborns are infected with HIV in sub-Saharan Africa 
through mother-to-child transmission (MTCT). Of all health crises in the African 
region, HIV/AIDS has attracted the most political support and resources. Prevention 
of HIV/AIDS mother-to-child transmission (PMTCT) is one of the efforts to reduce 
new HIV infections. The PMTCT program has encountered difficulties and confusion 
since the first isolation of HIV in an 18-month-old child in 1982.1 In the following 
few years, it became evident that 25% of pregnant HIV-infected mothers will transmit 
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the infection to their children. Even though a clear risk of 
acquisition of HIV from an infected mother was estab-
lished, few attempts were made to prevent transmission, 
such as avoiding pregnancy in infected mothers or avoiding 
breast feeding.2 The earliest management proxy of PMTCT 
was treating the mother herself, to help as a preventive 
strategy.3

Prevention of mother-to-child transmission of HIV 
(PMTCT) is a regularly used word for programs and 
interventions to decrease the risk of mother-to-child trans-
mission (MTCT) of HIV.2,3 About 77% of all HIV-infected 
pregnant women globally used Antiretroviral treatment 
(ART) during pregnancy in 2015.1,3 Life-long ART was 
offered for pregnant women living with HIV, regardless of 
their CD4+ count.4,5 ART has been used during and after 
pregnancy and it is an important public health strategy to 
decrease vertical HIV transmission as well as to provide 
clinical benefits to the mother. But resources, health sys-
tem factors, and personal factors like lack of awareness 
were reasons patients for did not take the drug.6 Due to 
this, limited resources and awareness provide challenges 
for universal implementation and retention in ART 
programs.7,8

Even though different efforts were being made, about 
330,000 children were infected with HIV in 2011 globally, 
with over 90% of these infections occurring in sub- 
Saharan Africa, mainly through MTCT.9,10 Twenty-two 
countries account for more than 90% of the global burden, 
and Ethiopia is one of these priority countries, where one 
of every three children born to women living with HIV 
was infected with HIV.10–13

MTCT of HIV remains one of the main sources of HIV 
infection among young children.6,14 In 2013, 3.2 million 
children under the age of 15 were living with HIV glob-
ally, 91% of whom were in Sub-saharan Africa.1,15 In the 
lack of careful interventions, the risk of MTCT of HIV is 
15–45%.7,16

In Ethiopia, the prevalence was somewhat higher 
among women (1.9%) than men (1.0%).8,17 The number 
of HIV positive children was more than 160,000 in this 
country.18 Moreover, 800,000 orphaned children were died 
due to HIV/AIDS.19 But, ART coverage among HIV posi-
tive children was very low (12%) in a similar year.9,20

Abolition of this MTCT of HIV from HIV positive 
mothers to their children is possible through prevention, 
taking antiretroviral medications and HIV testing during 
pregnancy.21,31 But, small numbers of HIV positive preg-
nant women (24%) have received ART in Amhara region, 

Ethiopia.10,–22–28 But by using ARV drugs and appropriate 
preventive mechanisms, the risk can be decreased to less 
than 5% in under-resourced settings like Ethiopia.7,23,29 

Few studies have described the determinants of HIV infec-
tion among children born to mothers on PMTCT in 
Ethiopia. In addition to this, these few studies had 
not shown consistent potential risk factors.16,21,29 

Therefore, the aim of this study was to identify determi-
nants of maternal transmission of HIV to their child on the 
PMTCT program at selected Health centers in North 
Shewa Zone.

Methods
Study Design
A retrospective cohort study design was conducted.

Study Period
The study was conducted from April 27 to May 10, 2019 
from a PMTCT cohort who completed the standardized 
staying time to decide the HIV exposed infants/child final 
status. Here, we used secondary data from the cohort 
register of PMTCT starting from September 1, 2014 to 
November 30, 2017. Out of the total 412 registered 
patients, only 203 of them satisfied the inclusion criteria.

Study Setting
The study was carried out at North Shoa Zone, Amhara 
Regional State. The Zone is located in the Eastern part of 
Amhara region, 130 km from Addis Ababa, the capital city 
of Ethiopia. Regarding the health facilities, there were 97 
health centers. From these Health Centers, Debre Berhan 
kebele 04, Shewa Robit, and Ataye Health Centers were 
selected as they are hot spot areas of HIV/AIDS. In these 
Health Centers, there were a total of 412 infected mothers 
initiated on the PMTCT program.

Inclusion Criterion
From this study population, all patients who 
initiated option B+ and measured their CD4+ cell counts 
at least twice, including the baseline, and those who 
completed the program started first line ART regimen 
class were included in the study population. All HIV 
infected mothers who started ART and finished their fol-
low-up time from September 1, 2014 to November 30, 
2017.
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Exclusion Criterion
Study participant cards which did not have complete infor-
mation were excluded.

Sample Size and Sampling Procedure
In this study, we used the simple random sampling method. 
For this study, 71 samples were determined from each site 
(Health Centers) with a total of 213 on the Web-based 
RMASS program https://www.Rmass.org/,11,12 Finally, out 
of 412, 203 subjects were selected.

Study Variables
The study used two response variables: one for the long-
itudinal outcome variable and the other for the time-to- 
event outcome variable. When repeated measurements 
were taken from the same subject at different time points, 
observations were assumed to be correlated. For survival 
analysis, the data had the nature of time-to- 
event (ie, the time of transmission of HIV) from the time 
started medication to the occurrence of an event.

Dependent Variables
Longitudinal Outcome Variable
CD4+ T-cells count for each infected mother measured 
approximately in every 6-month interval.

Time-to-Event Outcome Variable
Survival-time was the number of days from the date of 
enrollment to PMTCT program till one of the events of 
“HIV positive infant”, while “exposed infant for HIV” 
“lost to follow-up”, “dropped out”, “transferred out to 
other health care centers” occurred are censored.

Independent Variables
The independent variables for this study were socio- 
demographic factor, baseline CD4+ count, weight at the 
baseline in kg, time CD4+ count recorded, WHO clinical 
stage, regimen class, functional status, survival time, edu-
cational status, place of delivery, partner test results, resi-
dence, mid-upper arm circumference, time since ART 
initiation, and censoring status. ID uniquely identifies 
a patient. Time refers to the month when patient’s CD4+ 
count was recorded. It could be at the baseline, 1st, 2nd, or 
3rd month.

Data Processing and Quality Assurance
The data were collected by the PMTCT trained professionals 
at each Health center from the cohort booklet and intake 

cards of the patient cards. The principal investigators super-
vised the whole data collection phases closely. The collected 
data were checked for its completeness using SPSS version 
20. Then, the data were imported to R and SAS for analysis.

Method of Data Presentation and 
Analysis
SAS version 9.4 and R version 3.6 software were used for 
data analysis. The explanatory data analysis (EDA) was 
done for each variable. Linear mixed model and Weibull 
AFT model were fitted for longitudinal biomarker 
(sqrtCD4+ count) and for maternal transmission of HIV, 
respectively. Finally, the two outcomes of interests were 
jointly analyzed through joint analysis of longitudinal and 
survival data.

Consent Procedure
Ethical approval letter was written for each health center 
by Debre Berhan University. The written letter was given 
for each health center. We got agreement from each health 
center to conduct this research by considering the privacy 
and confidentiality of each personal profile up to publica-
tion of the research findings.

Results
Descriptive results
The average age and weight of HIV positive pregnant and 
lactating mothers in this study was 27 and 51.31, respec-
tively. Out of 203 HIV infected mothers, 146 were start 
ART at ANC and out of them 131 (89.7%) were censored, 
the remaining 57 patients were start ART at labor and 
delivery, out of 57 patients 49 (86.0%) were censored 
and the remaining eight (14.0%) were event occurred. 
Out of 203 HIV infected mothers, 148 were married, and 
out of married patients, 131 (88.5% were censored, and 
the remaining 17 (11.5%) patients were event occurred. 
On the other hand, out of unmarried patients, 49 (89.1%) 
were censored and six (10.9%) were event occurred. 
Regarding the delivery, 73 (36%) mothers were delivered 
at home and, of them, 16 (21.9%) were event occurred. 
While the remaining 130 patients were delivered at 
a Health facility and, out of them seven (5.4%) had an 
event. Similarly, out of 203 patients, 22 of them had 
severe mid-upper arm circumference and, of them, 13 
(59.1%) had an event, the remaining nine (40.9%) were 
censored. The other covariates can be described in the 
same way (Table 1).
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Factors Associated with Longitudinal 
Biomarker
From the linear mixed effect model with both random 
intercept and slope model the coefficients in the fixed 
effect part, the main effects of the covariates time (Visit), 
baseline CD4, Weight and time by baseline CD4 interac-
tions were found to be significant at 5% level of 

significance. But the other covariates were not significant 
including the interaction effects. The time effect (Visit) 
was found to be significant and the coefficient had 
a positive sign indicating that on average the square root 
CD4 count increases over time. Therefore, after elimina-
tion of the insignificant variables from the LMM, the final 
model was fitted by using REML estimation model. The 

Table 1 Frequencies and Percentages for Baseline Categorical Covariates

Variables Category Censor

Censored(0) 
Count(%)

Failure(1) 
Count(%)

Total

ART start At ANC 
At L& D

131 (89.7%) 
49 (86.0%)

15 (10.3%) 
8 (14.0%)

146 
57

HIV known On ART 
Not on ART

151 (88.8%) 
29 (87.9%)

19 (11.2%) 
4 (12.1%)

170 
33

Partner test Negative 
Positive 

Not done

89 (93.7%) 
65 (87.8%) 

26 (76.5%)

6 (6.3%) 
9 (12.2%) 

8 (23.5%)

95 
74 

34

Marital status Married 

Unmarried

131 (88.5%) 

49 (89.1%)

17 (11.5%) 

6 (10.9%)

148 

55

Educational statues Illiterate 

Literate

64 (86.5%) 

116 (89.9%)

10 (13.5%) 

13 (10.1%)

74 

129

Regimen class TDF-3TC-EFV 

AZT-3TC-EFV 

Others*

113 (89.7%) 

43 (86.0%) 

24 (88.9%)

13 (10.3%) 

7 (14.0%) 

3 (11.1%)

126 

50 

27

Clinical stage Stage I 

Stage II 
Stage III 

Stage IV

91 (94.8%) 

64 (91.4%) 
22 (78.6%) 

3 (33.3%)

5 (5.2%) 

6 (8.6%) 
6 (21.4%) 

6 (66.7%)

96 

70 
28 

9

Functional statues Working 

Ambulatory

177 (88.5%) 

3 (100.0%)

23 (11.5%) 

0 (0.0%)

200 

3

Place of delivery Health institute 

Home

123 (94.6%) 

57 (78.1%)

7 (5.4%) 

16 (21.9%)

130 

73

Residence Rural 

Urban

27 (71.1%) 

153 (92.7%)

11 (28.9%) 

12 (7.3%)

38 

165

MUAC Severe 

Moderate 
Normal

9 (40.9%) 

138 (94.5%) 
33 (94.3%)

13 (59.1%) 

8 (5.5%) 
2 (5.7%)

22 

146 
35

Religion Muslim 
Orthodox 

Others**

37 (90.2%) 
140 (88.1%) 

3 (100.0%)

4 (9.8%) 
19 (11.9%) 

0 (0.0%)

41 
159 

3

Health center Shewa Robit 

Ataye 

DB Kebele 04

93 (90.3%) 

18 (72.0%) 

69 (92.0%)

10 (9.7%) 

7 (28.0%) 

6 (8.0%)

103 

25 

75

Notes: Others* include AZT-3TC-NVP, 1a, 1c, . . . ; Others** include protestant, catholic.
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reduced fixed effects models for square root of CD4 count 
were given by:

ffiffiffiffiffiffiffiffiffiffiffiffi
CD4ij

p
¼ β0 þ β1tij þ β2baseCD4i þ β3weighti
þ β4baseCD4i�tij

¼ 6:071 þ 2:284 tij þ 0:026�baseCD4i
þ 0:057�weighti � 0:005�baseCD4i�tij 

The intercept (6.071) was interpreted as the mean of the 
outcome (sqrtCD4) when all the predictors had a value of 
zero. A one unit increase in the predictor baseline CD4+ 
count corresponds to a 0.026 increase in the outcome 
sqrtCD4. Likewise, a one unit increase in weight corre-
sponds to a 0.057 increases in sqrtCD4 (Table 2).

Multiple Imputations for Longitudinal 
Biomarker
From the MI results the parameter estimates for visit 
(time), baseline CD4, and weight were found to be sig-
nificant at the 5% level of significance. From this, when 
we see that weight and clinical stage II variables in the 
analysis of actual data were insignificant, but those vari-
ables were found to be significant after imputation, it 
indicates the imputation technique was found to be impor-
tant (Table 3). The standard errors for the imputed data 
analysis were relatively small when compared with the 

corresponding standard error values for the actual data 
analysis while multiple imputations had efficient estimates 
for this data type and give unbiased parameter estimates 
(Table 4).

Factors Associated with Maternal 
Transmission of HIV
From a Weibull AFT model the variables; ART start at 
ANC, partner test, clinical stage I and stage III, educational 
statues, place of delivery, and MUAC were found to have 
a statistically significant effect with maternal transmission 
(Table 5). The final fitted model can be written as:-

LogðTiÞ ¼ 7:22 � 0:160 � weight � 0:341
� ART stðANCÞ þ 0:556 � partTðþveÞ
þ 0:438�partTð� veÞ þ 1:040�Clinstðstage IÞ
þ 0:970�Clinstðstage IIIÞ
þ 0:226�edulðilliterateÞ
� 0:541�placeDðHomeÞ
þ 3:430�MUACðsevereÞ þ 3:750
�MUACðmoderateÞ

Results for Joint Analysis
The Joint analysis of longitudinal and time to event ana-
lysis revealed that most covariates were found to be sta-
tistically significant and a strong association b/n the 
longitudinal biomarker (sqrtCd4 count) and the risk of 
maternal transmission of HIV, (γ=-0.1655, “P≤0.001” 
meaning that a unit decreased in sqrtCD4 count corre-
sponds to an exp � � 0:1655ð Þð Þ ¼ 1:18 increase in the 
risk for maternal transmission of HIV. The longitudinal 
sub-model output (in the joint analysis) revealed that the 
covariates included in this analysis were found to be 
statistically significant. The time effect (Visit) was found 
to be significant and the coefficient had a positive sign 
indicating that on average the square root CD4 cell counts 
increased over time. Patients’ square roots of CD4 
decreased by 4.68 were initiated in clinical stage IV 
when we compare with subjects in clinical stage 
I. A comparison between the standard Weibull AFT mod-
els with the joint model showed some interesting features. 
Most importantly, this study shows that age was found to 
be significant and this means a one unit increase in age 
was associated with a 2.712% increase in the expected 
time of maternal transmission of HIV, but age 
variables in separate analysis of the survival outcome 
were not significant. The weight of a patient was not 
significant in separate analysis of a Weibull AFT model, 
while it became significant in the survival sub-model as 

Table 2 Parameter Estimates for Fixed Effects

Variables Value Std. Error t-value P-value

Intercept 6.071 2.119 2.865 0.0043

Visit time 2.284 0.7521 3.037 0.0025

Baseline CD4+ 0.026 0.001 22.604 ≤0.0010

Age −0.063 0.061 −1.034 0.3022

Regimen class:  

TDF-3TC-EFV  

AZT-3TC-EFV  

Others*

. . . 

0.394 

–0.138

. . . 

0.520 

0.584

. . . 

0.758 

–0.236

. . . 

0.4493 

0.8137

Clinical stage:  

Stage I  

Stage II  

Stage III  

Stage IV

. . . 

0.217 

–0.166 

-1.448

. . . 

0.439 

0.685 

1.300

. . . 

0.494 

–0.242 

-1.114

. . . 

0.6215 

0.8093 

0.2667

Weight 0.057 0.024 2.393 0.0177

Mid-upper arm circumference  

Severe  

Moderate  

Normal

. . . 

0.354 

0.309

. . . 

0.881 

0.522

. . . 

0.402 

0.591

. . . 

0.6880 

0.5553

Visit time: Age 0.025 0.026 0.962 0.3367

Visit: baseline CD4+ −0.005 0.0005 −10.098 ≤0.0010

Note: Others* includes, AZT-3TC-NVP.
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joint analysis output revealed that a one unit decrease in 
weight of a patient leads to an increase in the expected 
time-to-maternal transmission by exp � 0:2441ð Þ ¼ 78% 
(Table 6).

Discussion
In this retrospective study of mother-to-child transmis-
sion of HIV, 23 (11.3%) infants became HIV positive 
during the follow-up. The prevalence rate of HIV infec-
tion among exposed infants in this study was 5.58%, 
which was lower than the national prevalence rate of 
17%.13 In similar studies in different countries with 
resource-poor settings, the prevalence rate reported was 
11–21.8%.14 This finding was higher than the study 
done in Hawassa University Referral and Yirgalem gen-
eral hospital, SNNPR (4.16%).15 However, this finding 
was lower than the studies done in Dire Dawa city 

administration (15.7%),13 in East and West Gojjam 
zones, Amhara region (5.9%),2 in Gondar University 
(10%),16 in South Gondar zone (10.1%),17 and meta- 
analysis in Ethiopia (9.93%).18 This might be due to 
the study participants having different information and 
health education levels in different areas. This may be 
the cause for different results in the research.

According to this study, in the final model of LMM, time 
(visit), baseline CD4, weight and time by baseline Cd4 showed 
a significant association at 5% significance level. This study 
was supported by different studies.19–21 As the weight of 
patients increased, the sqrtCD4 cell count increased.

Patients with a high initial CD4 count adhere with the 
prescribed medication more and these results in high rate 
of change of CD4 count through time. Different studies 
showed that CD4 count at the time of ART initiation were 
critical determinants of the progression while under 

Table 3 Parameter Estimates of 25 Imputations Using LMM

Parameter Values Actual 
Estimate

Imputed 
Estimate

Actual Std 
Error

Imputed Std 
Error

Actual Pr>| 
t|

Imputed Pr>| 
t|

Intercept 

Visit (time) 

Baseline CD4 
Age 

ARTst (ANC) 

ARTst (L &D)

7.8503 

0.7260 

0.0188 
–0.0190 

1.4239 

0

7.6340 

0.7750 

0.0135 
–0.0086 

2.1283 

0

2.7670 

0.1694 

0.00074 
0.0396 

1.3364 

. . .

2.6645 

0.1580 

0.00072 
0.0378 

1.2899 

. . .

0.0051 

<0.0001 

<0.0001 
0.6307 

0.2873 

. . .

0.0042 

<0.0001 

<0.0001 
0.8199 

0.0991 

. . .

knHIV (on ART) 

knHIV (not on ART) 
marst (married) 

marst (unmarried)

0.2873 

0 
–0.5966 

0

0.5705 

0 
–0.6016 

0

0.5432 

. . . 
0.5254 

. . .

0.5250 

. . . 
0.4969 

. . .

0.5972 

. . . 
0.2568 

. . .

0.2773 

. . . 
0.2260 

. . .

Weight 

Clinst (stage I) 
Clinst (stage II) 

Clinst (stage III) 

Clinst (stage IV)

0.0443 

1.0374 
1.2547 

0.8587 

0

0.077 

2.2102 
2.5404 

2.1654 

0

0.02321 

1.2475 
1.2823 

1.3702 

. . .

0.022 

1.2039 
1.2378 

1.3198 

. . .

0.0568 

0.4062 
0.3285 

0.5312 

. . .

0.0003 

0.0665 
0.0402 

0.1009 

. . .

Regcl (TDF-3TC-EFV) 

Regcl (AZT-3TC-EFV)

0.0678 

0.1910 
0

0.1762 

–0.1027 
0

0.5692 

0.9065 
. . .

0.5325 

0.8485 
. . .

0.9053 

0.8332 
. . .

0.7408 

0.9036 
. . .

Funcst (working) 
Funcst (ambulatory) 

EduL (illiterate) 

EduL (literate) 
Residence (rural) 

Residence (urban) 

MUAC (severe) 
MUAC (moderate) 

MUAC (normal)

−0.8608 
0 

–0.4437 

0 
–0.0186 

0 

0.4625 
0.3107 

0

−1.9855 
–0.7336 

0 

0.0309 
0 

0.2946 

0.0988 
0

1.5975 
. . . 

0.5727 

. . . 
0.5299 

. . . 

0.8528 
0.5123 

. . .

1.5003 
. . . 

0.5448 

. . . 
0.5038 

. . . 

0.8191 
0.4937 

. . .

0.5903 
. . . 

0.4390 

. . . 
0.9720 

. . . 

0.5879 
0.5446 

. . .

0.1857 
. . . 

0.1782 

. . . 
0.9511 

. . . 

0.7191 
0.8414 

. . .
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ART.20,21,23 This may be due to the immune system being 
damaged and the risk of illness will increase.

In this retrospective study, the determinant factors for 
vertical transmission of HIV were weight, time of ART start 
of a patient, status of partner, clinical stage of patients, educa-
tional status, and place of delivery and MUAC of a patient. 
This study finding was supported with different studies.22,23,28

Based on this study, 72% of women were receiving 
ART at the time of their first antenatal care visit, as a result 
the time of ART initiation at ANC has a higher impact on 
maternal transmission. This finding was supported by stu-
dies done in Malawi and South Africa.24–27 This might be 
due to women who had no ANC follow-up ad usually 
delivered at home and no PMTCT intervention including 
ARV prophylaxis being at higher risk.

In our study findings on separate Weibull AFT model 
and joint analysis, ART initiation, education level of 

patients, place of delivery, and baseline CD4 had statisti-
cally significant effects on maternal transmission of HIV. 
From the study done on multivariate analysis using 
Poisson regression, the location of prenatal care, delivery 
type, CD4, viral load, time, and use of ARV were statis-
tically significant. The findings of this study were similar 
with other studies.28–30

In our study findings delivered at home were the 
main determinant factors for vertical transmission of HIV 
to their infants. During the follow-up, 73 (35.96%) infants 
were delivered at home; among those mothers, 16 (21.9%) 
infants were HIV positive that delivered at health institu-
tions. Our finding agreed with studies done in Ethiopia and 
in Brazil.13,22

During the follow-up, there was maternal-to-child HIV 
transmission in 60 (15.7%) HIV tested infants; most of 
them (55; 91.7%) were confirmed by DNA-PCR. 

Table 4 Variance Information Table Using LMM

Variance

Between Within Total Relative Incr 
in Variance

Fraction Missing 
Infon

Relative 
Efficiency

Intercept 
Visit 

Age 

ARTst (ANC) 
ARTst (L&D)

0.340523 
0.002500 

0.000090 

0.141211 
0

6.74532 
0.02235 

0.00134 

1.51702 
0

7.09946 
0.02495 

0.00143 

1.66387 
0

0.052502 
0.116310 

0.070407 

0.096808 
0

0.050080 
0.105001 

0.066112 

0.088855 
0

0.998001 
0.995818 

0.997362 

0.996458 
0

knHIV (on ART) 
knHIV (not on ART) 

marst (married) 

marst (unmarried) 
weight 

Clinst (stage I) 

Clinst (stage II) 
Clinst (stage III) 

Clinst (stage IV)

0.024569 
0 

0.011953 

0 
0.000061 

0.116674 

0.114534 
0.133129 

0

0.250096 
0 

0.234519 

0 
0.000457 

1.328083 

1.413080 
1.603411 

0

0.27565 
0 

0.246950 

0 
0.00052 

1.449424 

1.532195 
1.741865 

0

0.102169 
0 

0.053009 

0 
0.139241 

0.091366 

0.084295 
0.086350 

0

0.093347 
0 

0.050541 

0 
0.123313 

0.084251 

0.078206 
0.079970 

0

0.996280 
0 

0.997982 

0 
0.995092 

0.996641 

0.996882 
0.996811 

0

Regcl (TDF-3TC-EFV) 

Regcl (AZT-3TC-EFV) 

Regcl (others*) 
Funcst (working) 

Funcst (ambulatory) 

EduL (illiterate) 
EduL (literate)

0.005192 

0.017203 

0 
0.014998 

0 

0.017665 
0

0.278137 

0.702081 

0 
2.235393 

0 

0.278480 
0

0.283536 

0.719972 

0 
2.250991 

0 

0.296852 
0

0.019413 

0.025482 

0 
0.006978 

0 

0.065971 
0

0.019073 

0.024899 

0 
0.006933 

0 

0.062187 
0

0.999238 

0.999005 

0 
0.999723 

0 

0.997519 
0

Residence (rural) 
Residence (urban) 

MUAC (severe) 

MUAC (moderate) 
MUAC (normal)

0.013179 
0 

0.047752 

0.016242 
0

0.240089 
0 

0.621263 

0.226841 
0

0.253795 
0 

0.670925 

0.243733 
0

0.057087 
0 

0.079936 

0.074464 
0

0.054234 
0 

0.074442 

0.069676 
0

0.997835 
0 

0.997031 

0.997221 
0
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Fifty percent of infants delivered at home were HIV posi-
tive, compared to 11.9% among infants delivered at health 
institutions. The transmission rate was higher among 
infants who did not receive ARV prophylaxis at birth 
(45.2%) compared to those who received it (7.4%). This 
finding was in line with the studies done in Dire Dawa city 
and Northwest Ethiopia.13,16

This study also showed that HIV positive women with 
severe malnutrition were the main determinant for vertical 
transmission of HIV. This study was supported by studies 

done in different areas.13,16,31 This may be due to the 
production of HIV virus being high in severe malnutrition 
HIV positive women. On the other hand, high production 
of HIV virus may increase the vertical transmission 
of HIV.

In summary, both the separate and joint analysis 
results showed that CD4 depletion was the determinant 
factor for MTCT and it confirms the importance of starting 
ART early. Our study was supported by different 
studies.14,30

Table 5 Parameter Estimation for Weibull AFT Model

Parameter Estimate Exp(Coef) Std. Error z P

Intercept 
Age 

Weight 

Baseline Cd4+

7.220 
–0.184 

-0.015 

–0.001

4.15 
0.832 

0.985 

0.999

1.74 
0.151 

0.097 

0.00232

0.082 
–1.22 

-1.52 

–0.06

0.222 
0.128 

0.956

ART start at ANC 

L&D 
Known HIV on ART 

Not on ART 

Partner test Positive 
Negative 

Not done

−0.341 

0 
0.098 

0 

0.556 
0.438 

0

0.711 

. . . 
1.103 

. . . 

1.744 
1.550 

. . .

0.202 

. . . 
0.245 

. . . 

0.234 
0.203 

. . .

−3.69 

. . . 
0.40 

. . . 

2.38 
2.16 

. . .

0.009 

. . . 
0.689 

. . . 

0.017 
0.031 

. . .

Marital status Married 

Unmarried 
Clinical stage stage I 

Stage II 

Stage III 
Stage IV 

Regimen classTDF-3TC-EFV 

AZT-3TC-EFV 
others*

−0.111 

0 
1.04 

0.819 

0.970 
0 

–0.138 

-0.320 
0

0.8949 

. . . 
2.829 

2.268 

2.6381 
. . . 

0.871 

0.726 
. . .

0.200 

. . . 
0.443 

0.426 

0.924 
. . . 

0.282 

0.309 
. . .

−0.56 

. . . 
2.34 

1.92 

2.14 
. . . 

-0.49 

–1.04 
. . .

0.578 

. . . 
0.019 

0.055 

0.033 
. . . 

0.625 

0.300 
. . .

Educational Level Illiterate 
Literate 

Place of Delivery at home 

Health Insti 
Residence 

Rural 

Urban 
Mid-upper arm Circumference Severe Moderate 

Normal

0.226 
0 

–0.541 

0 
0.750 

0 

3.43 
3.750 

0

1.254 
. . . 

0.582 

. . . 
2.117 

. . . 

30.877 
42.521 

. . .

0.196 
. . . 

0.233 

. . . 
3.390 

. . . 

1.440 
1.860 

. . .

2.15 
. . . 

-2.32 

. . . 
0.00 

. . . 

2.38 
2.02 

. . .

0.021 
. . . 

0.020 

. . . 
0.998 

. . . 

0.017 
0.044 

. . .

Age: weight 

Age: MUAC(severe) 

Age: MUAC(moderate) 
Age: MUAC(normal) 

Log(scale)

0.005 

–0.0893 

-0.110 
0 

–1.06

1.005 

0.915 

0.896 
. . . 

0.346

0.004 

0.051 

0.067 
. . . 

0.187

1.46 

–1.78 

-1.63 
. . . 

-5.64

0.144 

0.076 

0.102 
. . . 

<0.001

Scale= 0.348

Note: Others* include AZT-3TC-NVP.
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Conclusion and Recommendations
The prevalence rate of HIV infection among exposed infants 
in this study was 5.58%. Separate analysis of survival data 
revealed that the covariates weight, ART start, partner test, 
clinical stage I and III, educational status (illiterate), place of 
delivery (at home), and MUAC were found to be statistically 
significant effects for time-to-maternal transmission of HIV.

Joint analysis revealed that sqrtCD4 count measured 
repeatedly over time was associated with the risk for maternal 
transmission of HIV. The covariates; Age, weight, partner test, 
Clinical Stage, and MUAC were found to be significantly 
associated with the risk of maternal transmission of HIV.

Therefore, HIV positive women should start ART prior 
to pregnancy, also governments and concerned bodies 

should provide awareness about the mode of maternal trans-
mission of HIV and the importance of option B+ program 
and give support to the society to achieve the EMTCT goals.

Health education should be given about balanced diet, 
weight control, and medication use for HIV positive 
patients by the responsible bodies.

Abbreviations
AFT, accelerated failure time; AIC, Akaike Information 
Criterion; AIDS, acquired immunodeficiency syndrome; 
ANC, antenatal care; ART, antiretroviral therapy; BIC, 
Bayesian Information Criterion; CD4, cluster of differen-
tiation 4; eMTCT, elimination of mother-to child transmis-
sion of HIV; HAART, highly active antiretroviral therapy; 

Table 6 Parameter Estimates for Joint Analysis

Longitudinal Process

Value Std. Err z-value P-value

Intercept 
Time 

Age

14.5009 
0.8586 

0.0470

0.0028 
0.1536 

0.0358

5267.8869 
5.5896 

1.3123

<0.0001 
<0.0001 

0.1894

Regimen class TDF-3TC-EFV 
AZT-3TC-EFV 

Others*

. . . 
-1.1581 

–0.2617

. . . 
0.0004 

0.0006

. . . 
-2596.6311 –431.9282 

. . .<0.0001< 0.0001

Clinical stage Stage I 
Stage II 

Stage III 

Stage IV

. . . 
0.8738 

–2.6123 

-4.6859

. . . 
0.0008 

0.0021 

0.0002

. . . 
1088.3344–1216.3655 

–21883.4414 

. . .<0.0001<0.0001<0.0001<0.0001

Weight 0.0384 0.0189 2.0310 0.0423

Mid-upper arm Circumference 

SevereModerate 
Normal

. . . 

1.2478 
0.6105

. . . 

0.0015 
0.0008

. . . 

825.2431 
751.2073

. . .<0.0001<0.0001

Event Process

Age 
baseCD4 

Partner test Positive 

Negative 
Not done

0.9976 
0.0121 

. . . 

14.5661 
18.0773

0.0534 
0.0067 

. . . 

0.0010 
0.0011

18.6664 
1.8024 

. . . 

13884.43 
15928.93

<0.0001 
0.0715 

. . . 

<0.0001 
<0.0001

Weight 

Clinical stage Stage II 
Stage III 

Stage IV

−0.2441 

–0.5229 
-1.0942 

3.2734

0.0572 

0.0039 
0.0018 

0.0036

4.2659 

–134.2885 
-618.5686 

912.6312

<0.0001 

<0.0001 
<0.0001 

<0.0001

Mid-upper arm circumference Severe Moderate 
Normal Age: 

baseline CD4+ 

Age: weight

. . . 
-3.3588 

–3.9427 

-0.0005 
–0.0080

. . . 
0.0011 

0.0018 

0.0002 
0.0022

. . . 
-2994.473 

–2223.458 

-1.9121 
–3.6901

. . . 
<0.0001 

<0.0001 

0.0559 
0.0002

Association variable γ −0.1655 0.0289 5.7276 <0.0001

Note: Others* include AZT-3TC-NVP.
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HIV, human immune deficiency virus; IATT, Interagency 
Task Team; ICC, intraclass correlation; KM, Kaplan 
Meier; L&D, labor and delivery; LMM, linear mixed 
model; LRT, likelihood ratio test; MI, multiple imputation; 
ML, maximum likelihood; MUAC, mid upper arm circum-
ference; PHR, proportional hazard regression; PMTCT, 
prevention of mother-to-child transmission of HIV; PNC, 
postnatal care; REML, restricted maximum likelihood; 
UN, unstructured; WHO, World Health Organization.
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