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Abstract

Background: Remarkable progress has been made in expanding access to services addressing 

the pediatric HIV epidemic, including programs to prevent mother-to-child transmission, early 

diagnosis, and treatment for children living with HIV. Few long-term data are available from rural 

sub-Saharan Africa to assess implementation and impact of national guidelines.

Methods: Results from three cross-sectional studies and one cohort study conducted at Macha 

Hospital in Southern Province, Zambia from 2007-2019 were summarized. For infant diagnosis, 

maternal antiretroviral treatment, infant test results, and turnaround times for results were 

evaluated by year. For pediatric HIV care, the number and age of children initiating care and 

treatment, and treatment outcomes within 12 months were evaluated by year.

Results: Receipt of maternal combination antiretroviral treatment increased from 51.6% in 

2010-2012 to 93.4% in 2019, and the proportion of infants testing positive decreased from 12.4% 

to 4.0%. Turnaround times for results returning to clinic varied but were shorter when labs 

consistently used a text messaging system. The proportion of mothers receiving results was higher 

when a text message intervention was piloted. The number of children living with HIV enrolled 

into care and the proportion initiating treatment with severe immunosuppression and dying within 

12 months decreased over time.

Conclusions: These studies demonstrate the long-term beneficial impact of implementing a 

strong HIV prevention and treatment program. While expansion and decentralization brought 

challenges, the program succeeded in decreasing the rate of mother-to-child transmission and 

ensuring that children living with HIV benefit from access to life-saving treatment.
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Introduction

Sub-Saharan Africa is the epicenter of the pediatric human immunodeficiency virus (HIV) 

epidemic, with approximately 90% of new perinatal HIV infections occurring in the region.1 

Over the past two decades, significant progress was made in expanding access to HIV 

services, including programs to prevent mother-to-child transmission (PMTCT) for women 

living with HIV, early testing and diagnosis for HIV-exposed infants, and treatment for 

children living with HIV.2 This effort was driven by a global plan to eliminate pediatric HIV 

infection, implemented in 2011, with a goal to reduce new pediatric HIV infections by 90% 

by reducing the rate of mother-to-child transmission below 5% and providing at least 90% of 

pregnant women with antiretroviral drugs for PMTCT.3 For children living with HIV, goals 

were set to reduce AIDS-related deaths by >50% and provide treatment for all children. 

Twenty-two priority countries were identified that were home to almost 90% of pregnant 

women living with HIV. The list consisted of India and 21 countries in sub-Saharan Africa, 

including Zambia. At a national level, Zambia has had success in reaching these goals. 

From 2010 to 2021, the estimated number of new pediatric infections decreased from 8800 

to 3800,4,5 and the proportion of pregnant women living with HIV accessing antiretroviral 

drugs increased from 71% to 97%.4,5 Fewer data are available at a local level but would 

be useful to assess implementation of national guidelines and policies, particularly in rural 

areas.

Macha Research Trust, in collaboration with Johns Hopkins University, has conducted 

pediatric studies in Southern Province, Zambia since 2007. These studies provide the unique 

opportunity to understand the evolution of the pediatric HIV epidemic over more than a 

decade in a rural setting. The objective of this analysis was to evaluate use of antiretroviral 

drugs during pregnancy among women living with HIV, the rate of mother-to-child HIV 

transmission, turnaround times for infant testing, and pediatric care and treatment from 2007 

to 2019 in rural Zambia.

Materials and Methods

Study setting

The studies in this analysis were conducted in the catchment area of Macha Hospital, 

a district-level hospital located in rural Choma District, Southern Province, Zambia (see 

Figure; Supplemental Digital Content 1). HIV prevalence in Southern Province decreased 

from 14.5% among adults 15-49 years in 20076 to 12.4% in 2018.7 Antiretroviral therapy 

(ART) became available for treatment and PMTCT at the HIV clinic associated with Macha 

Hospital in 2005 (see Figure; Supplemental Digital Content 2). In 2010, mobile outreach 

clinics were established at surrounding rural health centers with ART provided by the 

Macha HIV clinic.8 In 2017, these rural health centers became independent HIV clinics. 

Pediatric guidelines for starting ART expanded from treating only children with severe 
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immunosuppression and disease progression in 20079 to treating all children <15 years 

in 2013.10 Guidelines for PMTCT also expanded from use of single dose nevirapine and 

short-course ART to implementation of Option B+ in 2013, in which all pregnant women 

living with HIV receive lifelong ART.11 In 2016, all individuals were recommended to 

receive ART after diagnosis regardless of clinical or immunologic stage.12 Infant diagnosis 

of HIV, which requires a nucleic acid amplification test (NAAT) for diagnosis prior to 18 

months of age, became available in 2008 with recommended testing starting at 6 weeks of 

age, and then starting at birth in 2016.12

Studies evaluating infant diagnosis

Three studies were conducted to evaluate infant diagnosis of HIV infection. The first study, 

the Dried Blood Spot (DBS) study, was conducted at the Macha HIV clinic from August 

1, 2010 to March 1, 2012 to measure turnaround times for infant diagnosis.13 All HIV 

NAATs performed were abstracted from the laboratory logbook. Study staff documented 

when results returned from the designated laboratory in Lusaka to the clinic, the test result, 

and maternal receipt of results.

The second study, the Early Infant Diagnosis (EID) study, was a cross-sectional study 

conducted at the Macha HIV clinic from April 1, 2013 to October 31, 2015.14 The objectives 

were to validate a locally performed p24 antigen assay for diagnosis and evaluate a mobile 

phone intervention to decrease the turnaround time for mothers to receive test results. All 

infants brought to the clinic for infant diagnosis were eligible for enrollment and could be 

enrolled multiple times if brought for additional testing. After enrollment, a questionnaire 

was administered, a blood spot card was prepared, and the p24 antigen assay was performed. 

A DBS card was also sent to the designated laboratory in Lusaka or Livingstone for an HIV 

NAAT as part of routine care. Study staff documented when and how (short message service 

[SMS] or hard copy) the routine test results returned to the clinic and the test result. As 

part of the study, mothers were contacted by phone or through the local community health 

worker when routine test results were available

The third study, the Novel Screening for Exposed Babies (NSEBA) study, was a prospective 

cohort study conducted at several health facilities in the Macha Hospital catchment area 

from February 1, 2016 to March 31, 2020.15,16 The objective was to evaluate strategies for 

implementing point-of-care technologies for infant diagnosis in Zambia. All HIV-exposed 

infants attending the study sites for infant diagnosis were eligible for enrollment. Infants 

were enrolled from birth or their first infant diagnosis visit and followed until their post-

weaning visit or December 31, 2019. After enrollment, a questionnaire was administered, 

a blood spot card was prepared, and a point-of-care test was performed. Beginning in 

September 2018, the point-of-care test performed was the GeneXpert HIV-1 Qual assay 

(Cepheid, Sunnyvale, CA) and the results were provided to the parents.16 A DBS card was 

also sent to the designated laboratory in Livingstone or Choma for an HIV NAAT as part 

of routine clinical care. Study staff were alerted when the routine test result was returned 

to the clinic by SMS or hard copy. As the NSEBA study was conducted in several sites, 

data for this analysis included only participants enrolled at Macha Hospital after birth for 

comparison with the prior studies.

Sutcliffe et al. Page 3

Pediatr Infect Dis J. Author manuscript; available in PMC 2023 July 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Study evaluating pediatric care and treatment

One cohort study, the Pediatric Antiretroviral Therapy (PART) study, was conducted at the 

Macha HIV clinic to evaluate pediatric HIV care and treatment. The PART study is an 

ongoing open cohort study that began in September 2007.17,18 All children 0-15 years of 

age registered for care were eligible for enrollment; more than 95% of eligible children 

are estimated to have been enrolled. Study visits occurred every three months, at which 

time a questionnaire was administered, height and weight were measured, and clinical and 

laboratory data were abstracted from the medical record. Participants missing at least two 

consecutive study visits were followed up in their homes to ascertain vital status.

Statistical analysis

For all studies, trends over time were summarized and depicted graphically. For infant 

diagnosis, outcomes included the proportion of women receiving any ART regimen, ART 

regimens received, and the proportion of infants testing positive by ART regimen. ART 

regimens included single-dose nevirapine during labor, short-course ART (use of one or 

two antiretroviral drugs during pregnancy and post-partum), and combination ART (use 

of at least three antiretroviral drugs during pregnancy and post-partum). Outcomes were 

summarized by year, although outcomes between 2010 and 2012 were aggregated due to 

the timing of the DBS study. For these analyses, the last available valid HIV NAAT result 

was used for each participant. Results by study were compared using a chi-square test. 

Turnaround times for results and the proportion of mothers receiving results were also 

evaluated by year. Turnaround times were summarized as median, interquartile range, and 

range. For these analyses, all available HIV NAAT results were used for each participant. 

Results by study or year were compared using a Wilcoxon rank-sum test for turnaround 

times and a chi-square test for the proportion of results returned.

For HIV care, outcomes included the number and age distribution of children initiating HIV 

services, enrolling into the study, and initiating HIV treatment by year, and the distribution 

of immunosuppression at ART initiation. Level of immunosuppression was defined based on 

age according to the World Health Organization (WHO) guidelines.19 In addition, treatment 

outcomes after 6 and 12 months were evaluated among children initiating treatment after 

study enrollment. Children not known to have died or transferred to another clinic were 

considered still in care if their last follow-up visit occurred within 3 months of the date of 

administrative censoring (6 or 12 months after treatment initiation).

Results

Infant diagnosis

From 2010 to 2019, the proportion of women receiving any ART during pregnancy 

increased from 79.6% to 93.4% (p<0.0001; Figure 1A). Among women receiving ART 

during pregnancy, the proportion receiving combination ART increased from 64.9% to 

100% (p<0.0001). During the study period, the designated testing laboratory changed as the 

number of reference laboratories in the country expanded. The median turnaround time for 

returning results to the clinic more than doubled, from 36 to 133 days, when the reference 

laboratory changed from Lusaka to Livingstone in 2015 (Figure 2). In 2018, the reference 
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laboratory changed again to Choma and median turnaround times decreased to 31 days in 

2019, but remained higher than the maximum of 28 days recommended by the WHO to 

return results to the mother.20 In 2013, a national SMS system was implemented to decrease 

the turnaround time for returning laboratory results to the clinic. With increasing use of this 

system by the laboratory in Lusaka, the median turnaround time decreased from 54 days 

in 2010-2012 to 36 days in 2014 (p<0.0001; Figure 2), but again remained higher than the 

recommended maximum of 28 days. The SMS system was rarely used from 2015-2019 at 

the other laboratories. The proportion of mothers receiving results was similar in 2010-2012 

and 2017-2019 at approximately 75-85% but higher in 2013-2015 (95-97%; p<0.0001) 

when a phone text messaging intervention was piloted to contact mothers when results were 

available.14

The proportion of infants testing positive decreased significantly from 12.4% in 2010-2012 

to 4.1% in 2015 (p=0.04) and then remained stable through 2019 (p=0.98; Figure 1B). 

The proportion of infants testing positive differed significantly by maternal ART status 

(p<0.0001 in each study; Figure 1C). As the proportion of women receiving combination 

ART during pregnancy increased, their contribution to the proportion of infants testing 

positive also increased, from 6.5% (0.8%/12.4%) in 2010-2012 to 15.8% (0.6%/3.8%) in 

2016-2019 (Figure 1B).

Pediatric HIV care and treatment

The number of children enrolling into the PART Study increased through 2010 and then 

decreased each subsequent year, to a low of 9 in 2019 (Figure 3A). A similar trend was 

observed by year of enrollment into HIV care (Figure 3B). The number of children initiating 

ART increased, particularly after infant diagnosis became available in 2008 and treatment 

guidelines expanded to all children 0-15 years of age in 2013 (Figure 3C).

The age distribution of children enrolling in the HIV clinic changed over time (Figure 

4A), with more children 0-2 years of age enrolling after infant diagnosis became available 

in 2008. Thereafter, the proportion of children 5-15 years of age increased as the overall 

number of children diagnosed and registering for care decreased. A similar change was 

observed for the age of children initiating treatment (Figure 4B), particularly after treatment 

guidelines expanded in 2013. The proportion of children initiating ART with severe 

immunosuppression decreased over time (Figure 4C).

Trends in treatment outcomes were evaluated (Figure 5). The proportion of children dying 

after treatment initiation decreased from 29% and 43% at 6 and 12 months, respectively, 

in 2007 to none from 2017 to 2019 (p<0.0001). The proportion of children transferring to 

other clinics was consistently low until 2017 when HIV services were decentralized. Loss to 

follow-up was low through 2018; only two children were enrolled in 2019 and one was lost 

to follow-up.

Discussion

In this series of studies, infant diagnosis of HIV and pediatric HIV care were evaluated 

over more than a decade in Macha, Zambia. To our knowledge, this is the only set of 
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studies with data consistently available at a single site in rural sub-Saharan Africa. As per 

national guidelines, maternal use of combination ART during pregnancy increased over 

time and coincided with a decreasing proportion of infants testing positive. The turnaround 

times for results varied, but were shorter when mobile technologies were used to return 

results to the clinic and notify mothers of availability of results. Consistent with declining 

mother-to-child transmission, the number of children enrolling into HIV care decreased over 

time. With expanding treatment guidelines, the number of children receiving ART increased 

and the proportion initiating ART with severe immunosuppression decreased over time. 

Taken together, these findings suggest successful and sustained implementation of the HIV 

program in this area that has benefited women and children living with HIV.

The proportion of women receiving combination ART during pregnancy increased over 

time, with larger increases observed in 2013 and 2017, suggesting rapid implementation 

of the 2013 and 2016 national guidelines recommending Option B+ and a ‘test-and-treat 

all’ approach, respectively.10,12 From 2017-2019, over 90% of women received combination 

ART during pregnancy. While the studies only included women bringing their children 

for infant diagnosis which may overestimate coverage, they are consistent with Zambia’s 

reported high ART coverage (>95%) among pregnant women living with HIV in 2018.4,21 

Similar to other studies, the rate of mother-to-child transmission was significantly lower 

with maternal use of combination ART,22–24 and therefore increased maternal use of 

combination ART coincided with a decrease in the proportion of children testing positive. 

While it is encouraging that improvements in use of combination ART and mother-to-child 

transmission were sustained over time, no additional gains were observed from 2017-2019, 

suggesting that identifying and reaching the remaining 5-10% of women in need will be 

difficult. A large study of pregnant women living with HIV in Southern Province found 

that women who did not receive ART were younger, more likely to be diagnosed with 

HIV during pregnancy, and less likely to have disclosed their status to their partner or 

received antenatal care.25 Increased efforts to ensure repeated testing during pregnancy and 

counseling for women newly diagnosed with HIV during pregnancy, as well as potential 

inclusion of pre-exposure prophylaxis in services offered to pregnant women, may be 

needed to further reduce new pediatric infections.

Turnaround times for returning test results to the clinic and caregivers varied by year 

and laboratory but were consistently longer than the WHO recommended 28 days,20 

similar with other reports from the region.26–28 These studies took place over a decade 

during which Zambia expanded capacity for infant diagnosis outside a few centralized 

laboratories in Lusaka and Ndola. In Southern Province, laboratories in Livingstone and 

Choma became the designated testing centers for Macha in 2015 and 2018, respectively. 

However, decentralization of testing did not necessarily result in shorter turnaround times. 

While Livingstone is closer to Macha (~215 km) than Lusaka (~300 km), turnaround 

times were longer due to reagent stockouts and changes in laboratory capacity during the 

study period.29 The laboratory in Choma is approximately 70 km from Macha and had 

turnaround times comparable to the laboratory in Lusaka. Even with shorter distances, 

transporting samples to the laboratory and results back to the clinic remains challenging, 

making it difficult for clinics outside urban centers where reference laboratories are located 

to achieve the desired turnaround time. A significant improvement in turnaround times 
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was observed with implementation of a national SMS system at the laboratories in 2013, 

but improvements were not sustained with inconsistent use of the system. A pilot text 

message intervention targeting turnaround times from the clinic to the caregiver and 

implemented from 2013-2015 increased the proportion of caregivers receiving test results,14 

an improvement that also was not sustained when the pilot program ended. Text-based 

programs have been effective in reducing turnaround times, delivering results to caregivers, 

and improving retention for infant diagnosis in other settings,30–32 but require investments 

in human resources and technology and a sustained commitment for implementation to be 

effective. These challenges highlight the potential utility of point-of-care technologies for 

providing same-day results to mothers and improving linkage to care for children living with 

HIV.33 Despite requiring infrastructure and technology investments, point-of-care testing has 

been found to be cost-effective,34–36 and is recommended for use in high-burden settings.33

Consistent with an expanding program for infant diagnosis, the number and proportion 

of infants and young children enrolling in the pediatric HIV cohort increased from 2008 

to 2010. With decreasing rates of mother-to-child-transmission of HIV, the number of 

children enrolling then steadily decreased to a low of 9 in 2019. The large increase 

in the number of children and proportion of older children initiating treatment in 2014 

suggests rapid implementation of guidelines for expanded access to treatment. In addition, 

the decreasing proportion of children initiating treatment with severe immunosuppression 

and dying within 6-12 months support a benefit of earlier treatment initiation.37,38 These 

changes are consistent with observations from other cohorts in the region.39

This analysis had several limitations. First, while the goal was to evaluate the rate of 

mother-to-child transmission, results of HIV testing post-weaning were not available from 

all studies. Therefore, the proportion of children testing positive over time, using their 

last available NAAT during the study period, was used as a proxy. Second, for treatment 

initiation, a relevant metric would have been the proportion of eligible children initiating 

ART; however, evolving guidelines made such an analysis challenging. Instead, the number 

of children initiating each year was summarized. Lastly, these results were generated within 

the context of research studies conducted at one health facility over a decade. These findings 

may not represent the experience of all facilities in rural areas but they highlight the 

successes and challenges common to many programs in the region.

In conclusion, these studies conducted in a rural area of southern Zambia over the past 

decade demonstrate at a local level the impact of implementing a strong HIV prevention and 

treatment program. Expansion and decentralization brought challenges, particularly around 

testing, that will continue to need to be addressed. However, with sustained effort and rapid 

adoption of national guidelines, the program succeeded in dramatically decreasing the rate 

of mother-to-child transmission of HIV and ensuring that children living with HIV could 

benefit from access to life-saving treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
A) Percent of women living with HIV receiving antiretroviral therapy during pregnancy by 

year; B) Percent of infants who tested HIV positive by year, showing maternal antiretroviral 

regimen; C) Percent of infants who tested HIV positive by year and maternal antiretroviral 

regimen during pregnancy

ART: antiretroviral therapy; scART: short-course ART; cART: combination ART; sdNVP: 

single dose nevirapine

Note: Sample sizes are provided in parentheses after the year. The sample sizes in 1A and 

1B/C do not match as some infants did not have valid test results available.
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Figure 2. 
Turnaround time for test results from infant diagnosis of HIV by year

Note: Grey dashed line at 28 days represents the WHO recommended time to return results 

to the mother/caregiver.20
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Figure 3. 
A) Enrollment into the Pediatric Antiretroviral Therapy (PART) Study by year; B) 

Enrollment into care at the Macha HIV clinic by year; and C) Treatment initiation by year

Note: Panel A shows the number of participants enrolling in the study by calendar year 

starting in 2007 when the study began and ending in 2019 (end of analysis). Panel B 

shows the number of study participants enrolling into care by calendar year. As participants 

enrolling in the study may have previously enrolled into care, particularly in the early years 

of the study, the time period starts in 2005 when the HIV clinic opened and ends in 2019. 

A small number of participants (n=48 out of 949; range: 0-7 per year) transferred into 

HIV care after having initiated treatment at another clinic. Panel C shows the number of 

study participants initiating treatment by calendar year. As some participants in the study 

previously initiated treatment either at the Macha HIV clinic or at another clinic, the time 

period starts in 2004 and ends in 2019.
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Figure 4. 
Distribution among study participants of A) age at registration for care at the Macha HIV 

clinic by year; B) age at treatment initiation by year; C) level of immune suppression at 

treatment initiation by year

Note: Sample sizes are provided in parentheses after the year. Children who transferred 

to the Macha HIV clinic already receiving treatment were excluded. Immune suppression 

defined according to WHO guidelines based on age and CD4+ T-cell percentage or count 

(0-11 months: none/mild - ≥30%, advanced – 25-29%, severe - <25%; 12-35 months: 

none/mild - ≥25%, advanced – 20-24%, severe - <20%; 36\59 months: ≥20%, advanced – 

15\19%, severe - <15%; ≥5 years: none/mild - ≥350, advanced – 200\349, severe - <200 or 

<15%).19
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Figure 5. 
Distribution of outcomes among study participants after A) 6 months and B) 12 months of 

treatment by year of initiation.

Note: Sample sizes are provided in parentheses after the year. The analysis was limited to 

children who initiated treatment after enrolling into the study. Children who had not died 

or transferred to another clinic were considered to still be in care if their last follow-up 

visit occurred within 3 months of the date of administrative censoring (6 or 12 months after 

treatment initiation).
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