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Abstract 
Background: Vertical transmission of HIV among women who have no access to ART is estimated 
to be 25% - 35% in Africa. Objective: The aim of the study was to assess the time of MTCT of HIV-1 
the efficacy of ART on prevention of mother-to-child transmission (MTCT) of HIV-1 in two hospi-
tals. Methods: Prospective cohort study was conducted from November 2011 to May 2012. A total 
of 162 participants, 81 mothers (24 non-breastfeeding and 57 breastfeeding) and 81 infants were 
involved in the study. Venous blood from mothers and heel blood (dried blood spot) from infants 
were collected and processed in Adama Regional laboratory. All dried blood spot specimens of in-
fants reactive on ELISA test were assessed by DNA-based polymerase chain reaction tests (DNA 
PCR) to determine HIV infection. Data were entered and analysed using SPSS version 19 computer 
software. Results: Five infants were infected with HIV at the end of this study. The overall rate of 
vertical transmission of HIV was 6.2%. Maternal viral load at delivery was independently associ-
ated with both in-utero and intra-partum transmission (OR = 27.0, 95% CI, 3.5 - 210, p = 0.001). 
Maternal viral load at 6 weeks of birth and low infant birth weight was associated with intra-par- 
tum transmission among breastfeeding mothers (OR = 25.5, 95% CI, 1.14 - 572, p = 0.04) and (OR = 
29.6, 95% CI, 3.2 - 273, p = 0.004), respectively. There were 40% MTCT of HIV among non ARV 
drug users and only 3.9% among those used ARV drugs during their current pregnancy. Conclu-
sion: Strategies planned to reduce maternal viral load during pregnancy can be successful in sub-
stantially reducing vertical transmission of HIV. In addition, other contributing factors for MTCT of 
HIV-1 should be controlled. 
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1. Introduction 
Mother-to-child transmission (MTCT) of HIV is one of the biggest challenges of the HIV/AIDS pandemic espe-
cially in resource constrained settings [1]. MTCT is responsible for about 90% of HIV infection in children 
worldwide [2]. In Africa, the burden of the disease accounts for about 90% of paediatric HIV infections [3]. The 
risk of mother-to-child transmission of HIV among pregnant women who had no access to antiretroviral treatment 
is about 25% - 35% in Africa [4].  

In the absence of prevention, rates of MTCT are estimated to be 25% - 35%. The use of antiretroviral therapy 
to reduce mother-to-child transmission of HIV (MTCT) is an important advance in preventing HIV infections in 
children. When antiretroviral drugs (ARVs) are administered during pregnancy, and breastfeeding is avoided, 
mother-to-child HIV transmission (MTCT) may occur in fewer than 1% of pregnancies [5]. In developed coun-
tries, the use of ARV as prophylaxis or treatment in addition with elective Caesarean section and avoidance of 
breastfeeding have reduced the risk of MTCT of HIV from 25% to 1% - 5% [6]. Mullick et al. [2] showed that 
about 5% - 10% of MTCT of HIV occurred as a result of intrauterine transmission, 10% - 20% during delivery 
whereas postnatal MTCT of HIV contributes only 5% - 20%. WHO recommendation is to reduce the risk of 
MTCT to less than 5% in breastfeeding populations from a background risk of 35%, and to less than 2% in non- 
breastfeeding populations from a background risk of 25%, and will ensure increased maternal and child survival 
[4]. 

The majority of the burden of HIV infection is concentrated among pregnant women living in low income 
countries [7]. High maternal viral loads are risk factors for MTCT [2] [8] [9]. Other risk factors that can fuel up 
MTCT of HIV include breastfeeding, sexually transmitted diseases, vaginal mode of delivery, low CD4 count, 
advanced maternal HIV disease, young maternal age, and history of stillbirth [10].  

Assessing maternal viral load and CD4 cell counts and taking necessary measures relating with time of verti-
cal transmission is an essential to reduce early mortality and morbidity among infants born to HIV-1 positive 
mothers. Thus, this study tried to determine the proportions and time of MTCT of HIV-1 and evaluate the effi-
cacy of ARV/HAART on prevention of MTCT of HIV-1 in the study areas. 

2. Materials and Methods 
2.1. Design and Population 
Prospective cohort study was conducted during November 2011 to May 2012 at Adama and Asella hospitals in 
central Ethiopia. HIV sero-positive pregnant women and their neonates receiving ARV at antenatal care (ANC) 
services in the two hospitals were eligible for the study. The children received ARV drugs at birth, and were fol-
lowed up between birth and 10 months. A convenient sampling technique was used to recruit the study unit. A 
total of eighty one HIV positive mothers with their infants were enrolled in the study.  

2.2. Sample Collection and Processing 
Blood was collected from consented HIV positive pregnant women linked to ART clinics of the hospitals. The 
blood was collected in two test tubes with EDTA anticoagulant after delivery or during follow-up visit for those 
HIV positive mothers whose infants birth PCR result was negative. The blood in the first test tube was used to 
perform CD4 cell count and the second tube was used to measure maternal viral level in the plasma using Abbott 
Realtime HIV-1 PCR assay. Whole blood was collected from each infants’ heel on Whatman 903 DBS collection 
card within 72 hours of birth or during follow-up time which was used to test in-utero or intrapartum/postpartum 
mother-to-infant HIV-1 transmission, respectively. Infants’ DBS samples were kept at room temperature until 
HIV-1 DNA PCR tests done. The test utilizes amplification of target DNA by the PCR and nucleic acid hybridi-
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zation for the detection of HIV-1 DNA in human whole blood using AMPLICOR® HIV-1 DNA PCR Test ver-
sion 1.5 (a qualitative in vitro test for the detection of HIV-1 DNA in human whole blood) Roche Diagnostics 
System. Specimen were transported to Oromiya Public Health Research laboratory in Adama town for process-
ing within the time limit given in the specimen processing manual or indicated by the test kits manufacturers. 
Two types of external and one type of internal controls were processed along with infants’ DBS samples.  

Polymerase chain reaction (PCR) assay (Abbott Real Time HIV-1 RT-PCR) was done for the quantitation of 
HIV-1 in human plasma from infected individuals for maternal viral load quantfication. Three controls, one 
HIV-1 negative, one low HIV-1 positive and one high HIV-1 positive were processed along the study partici-
pants’ samples. These controls came with viral load determination test kits and were included during performing 
each specimen testing time. Maternal CD4 cells count was performed on the same day of sample collection us-
ing FACScalibur flowcytometry (Becton Dickinson FACSCount System). For doubtful result specimens were 
repeated with new reagent kit following the standard operating procedure (SOP) for the test and manufacturer’s 
protocol. 

2.3. Schedule for Follow-Up and Works Done  
Mother-infant pairs in those whose infants were negative for birth PCR result were under follow-up at six weeks 
and ten weeks after birth. Each mother-infant pairs gave blood samples at each follow-up time which were to be 
tested for maternal viral load and CD4 cells level for mothers and the presence of HIV-1 DNA in infant’s speci- 
men, respectively. These samples were tested to see mother-to-infant transmission of HIV-1 during intra-partum 
or postnatally through breastfeeding. Mother whose infant became positive for HIV-1 DNA PCR either at deliv- 
ery (<72 hrs of delivery, confirms in-utero transmission) or positive DNA PCR result during the first visit which 
insures intra-partum vertical transmission in non-breastfeeding population or that confirm intra-partum/post- 
partum transmission in breastfeeding populations would give DBS sample to confirm vertical transmission. The 
whole process is clearly shown in the workflow chart as follows (Figure 1). 

2.4. Definition of Infant HIV Infection 
Infants were assumed to be infected in uterus if their birth HIV-DNA PCR is tested positive at <72 hours of life 
for both breastfeeding and non-breastfeeding population. They were considered to have acquired HIV during in-
tra-partum if they are diagnosed DNA PCR positive at six weeks of life among non-breastfeeding population. 
They were considered HIV infected during intra-partum/postnatally if their DNA PCR results were positive at 
six weeks of life and later on at ten weeks of life in breastfeeding arms. 

2.5. Statistical Analysis 
Data were entered and descriptive analysis was performed using Epi Info version 3.5.1 computer software. Data 
were exported to SPSS version 19.0 computer software for statistical analysis to elucidate risk factors associated 
with MTCT of HIV-1. Bivariate and multivariate analysis were made at 95% confidence interval (IC) to see 
their association with the hypothesized mother-to-infant transmission rate of HIV-1. Continuous variables are 
dichotomized within the sample median. Multivariate analyses were performed by using multiple logistic re-
gressions and 95% CI were computed to test whether a risk factor is related to time of transmission at p = 0.05. 
The attributable risk was determined for maternal viral load and CD4 levels. 

3. Results 
Eighty seven HIV positive mothers delivered at Asella and Adama hospitals during data collection time. Of 87 
those mothers who would be expected to participate in the current study, only 81 HIV positive mothers (21 and 
60 mother-infant pairs) from Asella and Adama hospitals, respectively, were followed. Because, three mother- 
infant pairs refused to participate, death of one mother-infant pair occurred after delivery, one mother and one 
infant died after birth. Of the 87 HIV positive pregnant mothers who delivered at the two hospitals during data 
collection time, 81 (94.2%) mothers (29.4% non-breastfeeding and 70.4% breastfeeding) had infants with 
known HIV infection status.  

Among 81 mother-infant pairs with known HIV transmission outcome 76 (93.8%) including 2 (40%) of the 5 
infected infants did have HIV-1DNA PCR test result for specimen collected within 24 hours of delivery. The  
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MVL♦: Maternal viral load. 

Figure 1. Enrollment and follow-up of study participants.                               
 
other 4.9% did have HIV-1 DNA PCR test result for specimens collected at less than 48 hours and the remained 
1.2% had HIV-1 DNA PCR test result for specimen collected at less than 72 hours of birth. From 81 HIV posi-
tive pregnant women who participated in this study, 57 (70.4%) chose exclusive breastfeeding and 24 (29.6%) 
mothers did have chose exclusive formula feeding (Figure 2).  

The rate of MTCT of HIV varies in relation to different maternal demographic factors such as maternal edu-
cational status, marital status, and work category (Table 1). 

It was found that 4.9% MTCT of HIV-1 occurred among married HIV positive women of the current study 
participant in the general study participant mothers. But, MTCT of HIV was 5.6% (95% CI, 1.6 - 13.8) with 
2.8% in-utero and 2.9% in intra-partum transmission rate among this group. One separated HIV positive mother 
transmitted HIV to her infant at six weeks of life which accounted for 1.2% in the total population in this study. 

The rate of MTCT of HIV-1 among illiterate HIV positive mothers of the current study participants was 2.5% 
in the general population of this study. However, it became 13.3%, (95% CI, 1.7 - 40.5), with 6.3% in-utero and 
6.7% in intra-partum transmission observed when the estimation of the rate of MTCT of HIV is restricted to this 
group. Another 2.5% of HIV-1 vertical transmission was determined among the current study participant moth-
ers whose level of education range from grade 5 - 8 in the general population of the current study participant 
mothers with 0% in-utero and 8% in intra-partum transmission rate. One study participant mother whose educa-
tional status classified in grade 9 - 10 transmitted HIV to her infant which accounted for 1.2% MTCT of HIV in 
the general population and 4.3% vertical transmission in this group (95% CI, 0.1 - 21.9). Whereas, MTCT of 
HIV-1 was not observed among those study participant mothers whose educational status located in the range of 
grade 1 - 4, grade 11 - 12 and above grade 12 in this study. Our data could not show clear association between 
maternal educational status and MTCT of HIV-1; so that, this might be more clarified in other future work. 

Total MTCT of HIV (6.2%) was observed only among house wife study participant HIV positive mothers that  
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Figure 2. Distribution of MTCT of HIV-1 among breastfeeding and non-breast- 
feeding study participant mothers at Asella and Adama hospitals, Ethiopia, 2012.     

 
comprise 67.9% of the overall study participant women. Restricting the determination of rate of MTCT of HIV 
to this group mothers, we found that the rate of vertical transmission being 9.1% (95% CI, 3 - 20), with 3.6% 
in-utero and 5.7% in intra-partum transmission in this study. Of 81 study mothers, 50 (61.7%) had gave birth 
before the current pregnancy. Of the 50 mothers, 49 (98%) had given live birth and 1 (2%) mother gave still 
birth. Among these 49 mothers, 33 (67.3%) mothers had used exclusive breastfeeding (95% CI, 52.3 - 80.1), 12 
(24.5%) mixed feeding and the others 4 (8.2%) formula feeding to feed their children before the current preg-
nancy at the study area. From forty nine live born infants who born before the current pregnancy to these study 
participant HIV positive mothers, 43 (87.8%), (95% CI, 75.2 - 95.4) had known HIV test results at six weeks of 
life with 23.3% MTCT of HIV (95% CI, 11.8 - 38.6). The remained 6 (12.2%) did not have any HIV test result 
at all in the current study area. As data that were collected from study participant mothers through interviewer 
administered structured questionnaire indicated (data not shown), this 23.3% MTCT of HIV was detected among 
infants born to these HIV positive mothers during the era of single dose nevirapine usage as prophylaxis to pre-
vent MTCT of HIV infection. 

Among the current study participant mothers, 76 (93.8%) mothers had been using antiretroviral drugs 41 
(53.9%) were on ART and 35 (46.1%) had used zidovudine as prophylaxis to prevent MTCT of HIV during the 
current pregnancy (95% CI, 86.2 - 98.0). The remained 5 (6.2%) of the study participant mothers did not use any 
ARV-drugs during their current pregnancy (95% CI, 2 - 13.8) (Table 2).  

In the current study 19.8% of the study participants had been treated for STIs for one to two times and 9.9% 
was for malaria for more than two times during their current pregnancy. There was no statistically significant 
association between maternal STIs or malaria infection and vertical HIV transmission observed in the current 
study. 

For the 81 infants with a known HIV-1 DNA PCR test result at birth, the overall HIV transmission rate was 
6.2%. Two infected infants tested HIV-1 positive by DNA PCR assay at birth, giving 2.5% rate of an in-utero 
MTCT of HIV infection; (95% CI, 0.3 - 8.6). Three infected infants were tested HIV-1 negative by HIV-1 DNA 
PCR at birth and subsequently tested HIV-1 DNA PCR positive at six weeks of life, giving an intra-partum/ 
postpartum transmission rate of 3.8% (95% CI, 0.8 - 10.7) with proportion of 4.2% among non-breastfeeding 
and 3.6% among breastfeeding mothers. When we restricted the determination of in-utero transmission of HIV 
only to breastfeeding mothers, it was 3.5% even though, in-utero transmission in the general sample was 2.5% 
(Table 3).  

HIV-1 DNA PCR testing at birth detected only 2 infants out of 5 infected infants, suggesting that 40% of HIV 
transmission took place in in-utero and 60% transmission was occurred in intra-partum in the current study.  
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Table 1. Distribution of total infants’ HIV-1 DNA PCR results according to marital, educational and job status of the study 
participant mothers at Asella and Adama hospitals, Ethiopia, 2012.                                                 

 
Total infants  HIV-1 DNA  PCR result 

Total, No (%) 
Negative, No (%) Positive, No (%) 

Marital status of the mothers 

Single 7 (8.6) 0 (0) 7 (8.6) 

Married 67 (82.7) 4 (4.9) 71 (87.7) 

Separated 0 (0) 1 (1.2) 1 (1.2) 

Widowed 1 (1.2) 0 (0) 1 (1.2) 

Divorced 1 (1.2) 0 (0) 1 (1.2) 

Total 76 (93.8) 5 (6.2) 81 (100) 

Educational status of the mothers 

Illiterate 14 (17.3) 2 (2.5) 16 (19.8) 

1 - 4 6 (7.4) 0 (0) 6 (7.4) 

5 - 8 23 (28.4) 2 (2.5) 25 (30.9) 

9 - 10 22 (27.2) 1 (1.2) 23 (28.3) 

11 - 12 3 (3.7) 0 (0) 3 (3.7) 

>12 8 (9.9) 0 (0) 8 (9.9) 

Total 76 (93.8) 5 (6.2) 81 (100) 

Job category of study participant mothers 

House wife 50 (61.7) 5 (6.2) 55 (67.9) 

Day laborer 5 (6.2) 0 (0) 5 (6.2) 

Self employer 12 (14.8) 0 (0) 12 (14.8) 

Government employer 7 (8.6) 0 (0) 7 (8.6) 

Farmer 2 (2.5) 0 (0) 2 (2.5) 

Total 76 (93.8) 5 (6.2) 81 (100) 

 
Table 2. Distribution of total infants’ HIV-1 DNA PCR results according to ARV drugs treatment among the study partici-
pant mothers at Asella and Adama hospitals, Ethiopia, 2012.                                                        

ARV drugs treatment 
Total infants  HIV-1 DNA  PCR results 

Total, No (%) 
Negative, No (%) Positive, No (%) 

Not used ARV drugs 3 (3.7) 2 (2.5) 5 (6.2) 

On Prophylaxis/Zidovudin 34 (42) 1 (1.2) 35 (43.2) 

On ART 39 (48.1) 2 (2.5) 41 (50.6) 

Total 76 (93.8) 5 (6.2) 81 (100) 
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Table 3. Mother-to-child transmission of HIV-1 according to infant feeding categories of the study participant mothers at 
Asella and Adama hospitals, Ethiopia, 2012.                                                                    

 Non-breastfeeding group Breastfeeding group Total No (%) OR (95% CI) 

Time HIV-1 PCR test done HIV + No (%) tested No HIV+ No (%) tested   

<72 hours (In-utero) 0/24 (0) 2/57 (3.5) 2 (2.5) 12.1 (1.54 - 93.5) 

At six weeks (Intra-partum) 1/24 (4.2) 2/55 (3.6) 3 (3.7) 25.5 (1.14 - 572) 

At ten weeks* - 0/55 (0) 0  

Total 1 4 5 (6.2)  
*(No infection observed). 
 
There was no in-utero and 4.2% intra-partum MTCT of HIV among non-breastfeeding mothers in the current 
study. Associating intra-partum transmission with maternal viral load level, 1.9% of intra-partum MTCT of HIV 
was occurred among breastfeeding women who had maternal viral load below the sample median (<9331  
copies/ml) at six weeks of birth (95% CI, 0.0 - 10.3). The other 33.3% of intra-partum/post-partum MTCT of 
HIV took place among breastfeeding mothers who had maternal viral load above the sample median (≥9331 
copies/ml) at 6 weeks of delivery (95% CI, 0.8 - 90.6). Infants born to breastfeeding HIV positive mothers had 
1.7 times more likely to have positive HIV-1 DNA PCR test result at six weeks of life compared to their coun-
terparts born to non-breastfeeding mothers (Table 3).  

High maternal viral load at delivery was independently associated with in-utero transmission so that mothers 
who had viral load above the sample median (≥24,665 copies/ml) at birth had 12.1 times more likely to have in-
fants infected in-utero compared to their counterparts (OR, 12.1 (95% CI, 1.54 - 93.5, p = 0.02)). Both high level 
of maternal viral load greater/equal to the sample median (≥9331 copies/ml) at six weeks of life as well as low 
infants’ weight (<2500) at birth were strongly associated with intra-partum transmission (OR = 25.5, 95% CI, 
1.14 - 572, p = 0.04), (OR = 29.6, 95% CI, 3.2 - 273, p = 0.004), respectively; even though, no lower threshold 
value for maternal viral load below which transmission was not detected. Other factors such as vaginal mode of 
delivery (OR = 3.3), prematurity (<37 weeks, OR = 3.1), infant weight at birth (<2500, AOR = 5.0) were also 
positively associated with in-utero transmission even though they were not statistically significant in the current 
study (Table 4). 

There were a total of five HIV infected infants at the end of this study. The overall MTCT of HIV-1 in this 
study was 6.2% (95% CI, 2 - 13.8) (Table 4). All infected infants had two positive DNA PCR results.  

When combined, both non-breastfeeding and breastfeeding HIV positive mothers who had maternal viral load 
≥24,665 copies/ml at delivery had 27 times more likely to have HIV infected infants (OR, 27.0, 95% CI, 3.5 - 
210, p = 0.001); compared to their counterparts. HIV positive mothers who had never used any ARV-drug during 
the current pregnancy had 10.1 times chance of in-utero and intra-partum transmission of HIV to their infants 
(OR = 10.1, 95% CI, 2.2 - 47.4, p = 0.029) as well as infants who weighed <2500 grams at birth had 18.8 times 
more likely to be infected (OR = 18.8, 95% CI, 3.9 - 91.4, p = 0.001) at the end of this study which were also 
statistically significant compared to those who weighed above 2500 gm. Controlling the effect of other risk fac-
tors, maternal viral load at delivery and at six weeks of birth was independently associated with both in-utero 
and intra-partum HIV transmission (AOR, 5.5, 95% CI, 1.1 - 46, p < 0.001). Maternal low CD4 count, higher 
time of labor and membrane ruptured were strongly correlated with vertical HIV transmission even if they were 
not statistically significant in this study (Table 4). 

Of 57 breastfeeding group of the study participant mothers only 91.2% (95% CI, 80.7 - 97.1) had used anti-
retroviral drugs during the current pregnancy; 8.8% of them did not have been treated with any ARV-drugs. All 
non-breastfeeding mothers had used antiretroviral drugs either they were on ART 13 (54.2%) or they used AZT 
11 (45.8%) as prophylaxis to prevent MTCT of HIV. From 52 HIV positive breastfeeding mothers 28 (53.4%) 
were on ART for at least four months and at most for two years before their current pregnancy. Whereas, 24 
(46.2%) of them had used AZT as prophylaxis. All newborn neonates had been given zidovudine oral suspension 
before 72 hours for seven days as prophylaxis. There was 3.8% (95% CI, 0.8 - 10.7), MTCT of HIV at 6 weeks 
of life among these infants who had used AZT oral syrups as prophylaxis. 

This study indicated that giving zidovudine oral suspension to infants born to HIV positive mothers within 72  
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Table 4. Major maternal and infant risk factors associated with vertical transmission of HIV-1 among infants born to HIV 
positive mothers at Asella and Adama hospitals, Ethiopia, 2012.                                                   

Risk factors No (%) positive OR (95% CI) p-value AOR (95% CI) p-value 

Maternal      

Viral load 
<median 
≥median 
≥4.4 log10 

 
 

2/74 (2.7) 
3/7 (42.9) 

 
1.0 

27 (3.5 - 210.4) 
12 (1.54 - 93.5) 

 
 

0.002 
0.018 

 
 

5.5 (1.1 - 46.3) 
4.8 

 
 
 

<0.001 

CD4 count 
≥383/µl 
<383/µl 

 
2/43 (4.7) 
3/38 (7.9) 

 
1.0 

1.7 (2.9 - 9.6) 

 
 

0.661 

 
 

0.8 (1.4 - 40.0) 

 
 

0.891 

Mode of delivery 
Cesarean section 

Vaginal 

 
1/11 (9.1) 
4/70 (5.7) 

 
1.0 

3.3 (3.0 - 39.8) 

 
 

0.348 

 
 

6.9 
 

Duration of labor 
<13 hours 
≥13 hours 

 
1/35 (1.9) 
4/46 (8.7) 

 
1.0 

1.6 (1.4 - 18.6) 

 
 

0.3 
  

Duration of membrane rapture 
≤4 hours 
>4 hours 

 
1/53 (1.9) 

4/28 (14.3) 

 
1.0 

4.3 (0.37 - 50.1) 

 
 

0.240 
  

Maternal prophylaxis with ARV/treatment with HAART 
Yes 
No 

 
3/76 (3.9) 
2/5 (40) 

 
1.0 

10.1 (2.2 - 47.4) 

 
 

0.029 
  

Infant      

Prematurity (<37 weeks) 
• No 
• Yes 

 
2/53 (3.8) 

3/28 (10.7) 

 
1.0 

0.32 (0.05 - 2.08) 

 
 

0.3 
  

Birth weight 
Normal (≥2500 gm) 

Low (<2500 gm) 

 
2/75 (2.7) 
3/6 (50) 

 
1.0 

18.8 (3.9 - 91.4) 

 
 

0.001 
  

 
hours of delivery reduced intra-partum/post-partum MTCT of HIV by 96.1% (95% CI, 89.3 - 99.2). Comparing 
non-ARV drug users with ARV drug user mothers during their current gestation time, MTCT of HIV was 40% 
among infants born to HIV positive mothers who did not have been treated with ARV drugs (95% CI, 5.3 - 85.3). 
Whereas, there was only 3.9% and 4.2% MTCT of HIV had observed among infants who born to ARV drugs 
user breastfeeding and non-breastfeeding mothers; respectively, at the end of this study. We could suggest that 
the overall MTCT of HIV would be diminished as low as 3.9% in among breastfeeding and 4.2% among non- 
breast feeding mothers if both HIV positive mothers and their new born infants could have access of using anti-
retroviral drugs during pregnancy and after delivery before 72 hours for mothers and their infants respectively. 
This number (4.2%) seems larger among non-breastfeeding mothers due to less number of the study participants 
in this group. 

High maternal viral load was significantly associated with both in-utero and intra-partum transmission. For 
in-utero transmission, adjusted for other factors, the population attributable fraction of maternal viral load above 
the sample median (≥24,665 copies/ml) was 44%. Whereas, the population attributable fraction of maternal viral 
load above the sample median (≥9331 copies/ml) for intra-partum/postpartum was 94% among breastfeeding 
mothers. Even if, the absolute CD4 cell counts did not statistically significant for in-utero and intra-partum 
transmission; maternal CD4 percentage <22% at delivery and <24% at six weeks of birth had attributed for 13% 
in-utero and 54% intra-partum/postpartum MTCT of HIV in the general population; respectively, when adjusted 
for maternal viral load and other factors. 
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In this study, there were 38 (46.9%) and 43 (53.1%) singleton female and male neonates with overall MTCT 
of HIV 10.5% (95% CI, 2.9 - 24.8) and 2.3% (95% CI, 0.1 - 12.3) born to the study participant mothers, respec-
tively. There was 2.6% in-utero (95% CI, 0.1 - 13.8) and 8.1% intra-partum (95% CI, 1.7 - 21.9) MTCT of HIV 
among females new born in the current study. The overall in-utero vertical transmission among male infants was 
2.3%. There was no intra-partum transmission among males. Female infants were significantly more likely to be 
HIV infected compared with male infants (4.94% vs 1.23%, respectively) (Figure 3). 

4. Discussion 
This study involved cohorts of breastfeeding and non-breastfeeding HIV positive mothers. The finding of this 
study could deliver crucial information regarding our PMTCT effectiveness and improvement of strategies on 
reducing vertical transmission of HIV in resource limited countries like Ethiopia. For the 81 mother-infant pairs 
with known HIV-1 DNA PCR test result at birth, at 6 weeks and at tenth weeks of life, the overall MTCT of HIV 
observed was 6.2% (95% CI, 2.1 - 3.8). Using the current definition of time of MTCT of HIV in these cohorts of 
HIV positive mother-infant pairs, this study confirmed that there was 2.5% (95% CI, 0.3 - 8.6) and 3.8% (0.8 - 
10.7) in-utero and intra-partum transmission of HIV; respectively, in the current study. This is lower than other 
African studies such as Zimbabwean study [11]. However, it is comparable with study conducted in developed 
and some middle income countries like study conducted in France [6] [12]. It is similar with other international 
study [13]. Female infants were significantly more likely to be HIV infected compared with male infants (4.94% 
vs 1.23%, respectively). This finding is similar with a study done in Uganda [14]. 

In this study 40% of MTCT of HIV took place in-utero and 60% occurred in intra-partum. This is in agree-
ment with other study conducted in France in which 37.5% of MTCT of HIV occurred in in-utero transmission 
and 62.5% had taken place in intra-partum [6]. The intra-partum rate of transmission is also comparable with the 
study conducted in Zimbabwe that reported 69% intra-partum rate of transmission [11]. In present study, it was 
found that maternal viral load at delivery was found to be independently associated both with in-utero and intra- 
partum residual transmission of HIV. Similar to other studies in India [6] [11]-[13], transmitting mothers had 
significantly higher viral load compared to non-transmitting mothers. Even though, there was no threshold level 
of maternal viral load could be set in this study below which no MTCT of HIV could not occur as the fact that 
there was transmitting mother who had viral load level as low as 95 copies/ml and non-transmitting mothers 
who had viral load level as high as 810,237 copies/ml among the current study participant mothers. This hypo- 
thesis is consistent with some other studies that had done before in other countries like Zimbabwean study [11]; 
but it is contrary to study conducted in Cameroon [15]. This difference may be observed due to difference be- 
 

 
Figure 3. Distribution of MTCT of HIV-1 according to sex of the infants born to 
study study participant mothers at Asella and Adama hospitals, Ethiopia, 2012.        
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tween the two populations in many aspects such as 93.8% of the study participants in the current study had used 
ARV drugs that probably result in the significant reduction of maternal viral load level. The cause of residual 
MTCT of HIV is remained open to debate and will be the assignment of future work in this regard to discover 
the mystery of HIV in residual vertical transmission. We found that maternal CD4 percentage at delivery <22% 
and <24% at six weeks of birth had attributed for 13% and 54% of in-utero and intra-partum transmission; re-
spectively; even if, absolute maternal CD4 count was not independently and significantly associated with vertic- 
al transmission in the current study; so that, we couldn’t justify further the population attributable fraction of 
CD4 count due to small sample size. This might be better explained in the future study. 

In our study, low birth weight was associated only with intra-partum transmission. This result is also in agree- 
ment with other studies [13] [15] but it is in contrary to study conducted in Thailand that showed the association 
of low birth weight with in-utero transmission [16]. The main reason could be the difference between the two 
populations in life style, genetic variation and geographical difference. Even though, they had positive associa-
tion with MTCT of HIV, other factors such as prematurity, duration of labor, duration of membrane rapture, ma-
ternal CD4 count, and mode of delivery were not independent risk factors for vertical mother-to-child transmis-
sion of HIV in the current study. This is similar with other studies [12] [13] [16] that the combined effect of 
these factors could increase the risk of vertical transmission; however, they might not be associated with timing 
of MTCT of HIV. We estimated that MTCT of HIV was 40% among breastfeeding non-ARV users, 3.9% among 
breastfeeding ART/prophylaxis with AZT users and 4.2% among non-breastfeeding ARV user mothers at the end 
of this study. This is consistent with other studies conducted in other countries in the world [17]. Studies re-
ported that MTCT of HIV range from 13% - 40% in untreated HIV positive mothers and this could be increased 
if they used prolonged breastfeeding mode of infant feeding. The significant reduction in vertical transmission 
among ARV users either in breastfeeding or non-breastfeeding group of our study participant was also consistent 
with other studies [18]-[20] that stated the rate of vertical transmission could be reduced significantly as low as 
5.3% if single dose mother/infant NVP added to zidovudine.  

In the current study, 93.8% study participant mothers, 53.9% on ART and 46.1% on prophylaxis had treated 
with ARV drugs according to national HIV positive mothers’ ARV drugs usage/management guideline. In addi-
tion, all new born infants had been given AZT oral suspension as prophylaxis within 72 hours post delivery 
twice a day for 7 days. Thus, the combined mothers/infants ARV drugs treatment and shifting from short term 
single dose nevirapine to more potent zidovudine ARV drug could reduce MTCT of HIV from 23.8% (95% CI, 
12.1 - 39.5) that was among the current study participant mothers during the previous pregnancy that occurred 
during the sdNVP era to 3.9% (95% CI, 0.8 - 11.1) in the present study in the same population. This result could 
show that MTCT of HIV was about 6 times higher during the sdNVP era compared to 3.9% vertical transmis-
sion occurred during the current new ARV drug regimens used to PMTCT of HIV. It is almost similar with other 
study [13] that found 3.74% MTCT of HIV during new regimens of HAART. We could develop a simple con-
clusion that the current ARV drugs regimen are more efficient and effective in preventing MTCT of HIV when 
combined than using sdNVP to reduce vertical transmission as low as the current result. Similar conclusion was 
made by other investigators elsewhere throughout the world [11] [13] [21]. In the current study it was expected 
that MTCT of HIV would be lower among ART users than those who used prophylaxis; however, the observed 
outcome did not support this expectation; 53.9% of ARV drug users of the study participant mothers were on 
ART for as low as four months and as high as two years before their current pregnancy which was directly re-
lated to inhibitor level of ARV drugs in the maternal circulation before the occurrence of the current pregnancy 
that could pass to fetus through placenta and result in significant reduction in in-utero transmission. The ob-
served reality was in opposite when we compared ART users with those who used prophylaxis; so that, there 
was 4.9% (95% CI, 0.6 - 16.5) MTCT of HIV among ART users. The rate of vertical transmission was only 2.9% 
(95% CI, 0.1 - 14.9) among women who used prophylaxis. This is consistent with other study conducted in 
France [6], maternal viral load which might have directly associated with MTCT of HIV is independent of time 
of ART initiation rather other factors such as HIV strains whether susceptible or resistant to ARV drugs which 
we have been using and the potency of the ARV drugs in using matters the transmission. 

In this study the distribution of vertical transmission between male and female infants was not balanced. In 
doing so, female infants were more affected than their male counterparts. The transmission rate along the sex 
groups was 10.5% (95% CI, 2.9 - 24.8) among females and 2.3% (95% CI, 0.1 - 12.3) among male infants. Fe-
male infants were 4.6 times more likely to be infected than males in the proportion of 2.6% in-utero and 8.1% in 
intra-partum transmission. This result is consistent with some study conducted in Zimbabwe [22], but in con-
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trary to other study conducted in the same country [11]. Like in other study, we could not have more justification 
for the difference and it would open to debate on and future works might resolve the debate in this regard. Con-
cerning STIs and malaria infection, 19.8% and 9.9% of the study participant mothers in the current study had 
been treated one to two times and more than two times for STIs and Malaria, respectively. Our finding could not 
indicate any association of vertical HIV transmission with neither of the two infections in contrary to research 
finding in Cameroon [15]. This difference might be observed due to either the difference between the two popu-
lation gestation age during which the infections occurred or the degree of complication relating to the infections 
before treatment initiated that might deteriorate the placental membrane barer which facilitates vertical HIV 
transmission.  

5. Conclusion 
This study indicates that maternal viral load, as measured at delivery both in breastfeeding and non-breastfeed- 
ing mothers, is independently and strongly associated with MTCT of HIV in in-utero among breastfeeding group 
and in intra-partum groups. So that, intervention strategies planed to reduce maternal viral load level may be 
successful in reducing significant number of rate of vertical transmission that can occur during in-utero, intra- 
partum and postpartum. Maternal viral load at six weeks of birth was also strongly associated with intra-partum/ 
postpartum among exclusive breastfeeding mothers that can increase the risk of HIV-1 vertical transmission 
among this group. The finding that as high as 40% of vertical HIV-1 transmission occurred in-utero and 60% in 
intra-partum provided that effective preventive services given at the end of pregnancy can result in significant 
reduction of transmission both during in-utero and intra-partum as well as overall transmission risk. The result 
of this study also supports the notion that combined therapy is more effective than single dose to reduce vertical 
HIV-1 transmission. Based on the finding of this study, we recommend that combined ARV-therapy is more ef-
fective than single dose for valuable reduction of vertical HIV-1 transmission if the benefit outweighs the risk 
both for mothers and their fetus/new born infants.  
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