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Abstract

The P2C2 HIV Study is a prospective natural history study initiated by the National Heart, Lung, 

and Blood Institute in order to describe the types and incidence of cardiovascular and pulmonary 

disorders that occur in children with vertically transmitted HIV infection (i.e., transmitted from 

mother to child in utero or perinatally). This article describes the study design and methods. 

Patients were recruited from five clinical centers in the United States. The cohort is composed of 

205 infants and children enrolled after 28 days of age (Group I) and 612 fetuses and infants of 

HIV-infected mothers, enrolled prenatally (73%) or postnatally at age <28 days (Group II). The 

maternal-to-infant transmission rate in Group II was 17%. The HIV-negative infants in Group II 

(Group IIb) serves as a control group for the HIV-infected children (Group IIa). The cohort is 

followed at specified intervals for clinical examination, cardiac, pulmonary, immunologic, and 

infectious studies and for intercurrent illnesses. In Group IIa, the cumulative loss-to-follow-up rate 

at 3 years was 10.5%, and the 3-year cumulative mortality rate was 24.9%. The findings will be 

relevant to clinical and epidemiologic aspects of HIV infection in children.
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INTRODUCTION

In 1982, a year after the initial description of the acquired immunodeficiency syndrome 

(AIDS) in adults, cases were described in children [1–4]. Subsequent reports clearly 

indicated that pulmonary and cardiac disease contributed significantly to the morbidity and 

mortality experienced by children with human immunodeficiency virus (HIV) infection [5–

8]. In response to the growing epidemic, the National Heart, Lung, and Blood Institute 

(NHLBI) initiated a study designed to describe the cardiovascular and pulmonary disorders 

that occur in children in association with vertical transmission of HIV infection from mother 
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to child during gestation or during the perinatal period. This article describes the 

organization, hypotheses, study plan, and methods of the ongoing Pediatric Pulmonary and 

Cardiovascular Complications of Vertically Transmitted Human Immunodeficiency Virus 

(P2C2 HIV) Infection Study.

PROTOCOL DEVELOPMENT

Design Process

Five clinical centers from different geographic areas began protocol development in May 

1989. The study protocol was developed by a Steering Committee consisting of the principal 

investigators from the clinical centers, the Clinical Coordinating Center (CCC), and the 

project officer and staff from the NHLBI. Input into the design of the protocol was given by 

subcommittees of investigators specializing in cardiology, pulmonology, immunology, 

infectious disease, radiology, nuclear medicine, biostatistics, and pathology.

The five clinical centers are as follows: (1) Baylor College of Medicine/Texas Children’s 

Hospital (Houston, TX), (2) Children’s Hospital/Harvard Medical School (Boston, MA), (3) 

Mount Sinai School of Medicine (New York, NY), (4) Presbyterian Hospital/Columbia 

University College of Physicians and Surgeons (New York, NY), and (5) UCLA School of 

Medicine (Los Angeles, CA). The CCC was established at the Cleveland Clinic Foundation 

(Cleveland, OH). A full list of participants is provided in Appendix 1.

Objectives

The overall goals of the study are as follows:

1. To determine the prevalence, incidence, and types of cardiovascular and pulmonary 

complications in the fetus, newborn infant, and child with vertically transmitted 

HIV infection and to describe the course and outcome of these disorders

2. To determine whether early detection of cardiovascular and pulmonary 

complications associated with vertically transmitted HIV infection can be 

accomplished in utero by cardiologic methods and postnatally by sensitive 

cardiologic and pulmonary surveillance before they become clinically evident

3. To determine whether immunologic dysfunction or co-infections (acquired before 

or after birth) in patients with vertically transmitted HIV infection lead to 

progressive pulmonary and/or cardiovascular disease

Time Table

During the initial 1-year design phase, the study protocol, manual of operations, data 

collection forms, and distributed data entry system were developed, and training sessions 

were held. Recruitment began in May 1990 and continued through January 1994. The cohort 

is being followed for an additional 3 years beyond the end of recruitment; follow-up times 

will range from 2.5 to 6.6 years. An analysis phase encompasses the final 6 months of the 

study, through July 1997.
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STUDY POPULATION

The cohort of subjects being studied includes two groups. Group I is composed of infants 

and children with documented vertically transmitted HIV infection. Children in Group I 

must have been born after April 1, 1985, except where vertical transmission of HIV 

infection can be documented with reasonable medical certainty, and be more than 28 days 

old. Vertical transmission to the child is defined by HIV infection in the mother or maternal 

death due to AIDS where there is no evidence of sexual abuse of the child. Children in 

Group I who were classified as P-2, subclass E (secondary cancers) at enrollment by the 

1987 Revised Center for Disease Control (CDC) Classification System [9], as well as 

children in either group for whom informed consent could not be obtained, were excluded. 

Group II is composed of infants born to HIV-infected mothers, enrolled during gestation or 

on or before 28 days of age postnatally. Children in Group II who are later determined to be 

infected with HIV are designated as Group IIa, and uninfected children in Group II are 

designated Group IIb.

The conventional tests for HIV antibody (enzyme-linked immunosorbent assay [ELISA] and 

Western blot) are used to establish a diagnosis of HIV infection in pregnant women. HIV 

cultures are performed on Group II children at birth (not cord blood), and 3 and 6 months 

postnatally. Two positive cultures are necessary to assign a patient to Group IIa (infected). 

Two negative cultures, one of which must be when the child is 5 months of age or older, are 

necessary to assign a patient to Group IIb (noninfected). An ELISA and, if necessary, 

Western blot are performed on all Group IIb patients at a minimum age of 15 months to 

confirm their HIV-negative status.

Sample Size, Recruitment, and Randomization

Recruitment goals were 200 Group I children and 600 Group II infants and children. The 

sample size of 200 Group I patients was justified on the basis of precision of estimating 

pulmonary and cardiovascular complication rates. At the time the original study protocol 

was written, it was estimated that the transmission rate was 30%. The recruitment goal was 

changed from 500 to 600 Group II patients in February 1993 when it became apparent that 

the actual transmission rate was 20% or less [10]. A subset of approximately 200 Group IIb 

children is randomly selected to remain on study as controls, where randomization is 

stratified by clinical center and the mother is used as the unit of randomization to allow for 

mothers with more than one child enrolled in the study. Children not selected as controls 

undergo no further study procedures, but return for confirmation of HIV-negative status at 

age ≥ 15 months via serology tests.

The sample size for Group I was determined on the basis of its adequacy for estimating 

incidence and prevalence rates of complications, either for the entire Group I cohort or for 

subgroups stratified by factors such as age or immunologic status at enrollment. 

Complication rates for Group I expressed as proportions can be estimated with 95% 

confidence interval half-widths of ≤7 or ≤10%, based on sample sizes of 200 and 100. These 

half-widths are conservative estimates (upper bounds) obtained assuming a complication 

rate of 50% and will be narrower if the rate is closer to 0 or 1.
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Sample sizes in Group II were justified on the basis of the ability to detect differences in 

pulmonary and cardiovascular complication rates between infected (IIa) and noninfected 

(IIb) children, assuming the rate will be low (e.g., 1 to 5%) in the uninfected children. At 

ages less than 6 months, with approximately 90 Group IIa and 450 Group IIb children, 

differences in complication rates (IIb vs. IIa) of 1 vs. 9% or 5% vs. 17% will be detectable 

with 90% power using a two-sided test with significance level 0.05. At age 1 year, assuming 

sample sizes of 90 in IIa and 200 in IIb, differences in rates of 1 vs. 11% or 5 vs. 19% can be 

detected with 90% power. When comparing means for continuous measurements, a 

difference in Group IIa and IIb means of 0.37 standard deviations can be detected with 90% 

power age ≤ 6 months, and a difference in means of 0.41 standard deviations can be detected 

at 1 year of age.

Recruitment Strategies

Recruitment of Group I patients occurred in pediatric clinics (hospital and nonhospital 

based) and inpatient wards. Recruitment of Group II patients was achieved with the help of 

collaborating obstetrical co-investigators working in high-risk obstetric clinics. These 

obstetricians, using the existing allied health professionals (e.g., research nurse, social 

worker), informed the principal investigator or nurse coordinator of the pending or recent 

delivery of a baby born to an HIV-positive mother. If HIV-infected children were enrolled in 

other clinical trials, the assistance of the participating investigators was solicited for 

recruitment.

Cohort Management and Retention

Each clinical center has its own administrative structure for managing its cohort and 

retaining the participants. The nurse coordinators are the primary contact persons for the 

patients and the participating personnel from the various disciplines. Along with social 

workers, the nurse coordinators maintain contact with families and assist them in keeping 

clinic appointments, in obtaining social welfare benefits, and with transportation to the 

hospitals. Study personnel generate records of scheduled and missed appointments on a 

weekly basis. These listings are used to make reminder calls, assure accurate scheduling, 

and provide follow-up for missed appointments. Subject compliance with appointments is 

also promoted by providing reimbursement for meals and transportation at each visit. 

Monthly reports of tests not done are generated by the CCC in order to identify and resolve 

problems on an ongoing basis. The centers have social gatherings, such as a Christmas party, 

to help foster compliance.

Examinations and Study Variables

The parent or legal guardian provided informed consent. A questionnaire regarding the 

mother’s medical and social history was administered. HIV infection in the Group II 

mothers was confirmed by ELISA and Western blot. Urine was cultured for 

cytomegalovirus (CMV) and a throat washing (saliva) was cultured for Epstein–Barr virus 

(EBV). Serologic tests for CMV and EBV were also obtained. Baseline history included 

information on prescribed medication and street drug use, anti-HIV and anti-Pneumocystis 

therapy, past diagnoses, and pregnancy history.
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The specific evaluations performed at the initial and subsequent evaluations in the children 

are as follows:

1. History, physical examination at enrollment

2. Complete blood count (CBC) and erythrocyte sedimentation rate (ESR), lactate 

dehydrogenase (LDH), serum immunoglobulins, other laboratory tests (sodium, 

chloride, potassium, blood urea nitrogen [BUN], creatinine, total protein, albumin)

— yearly for Group I, every 6 months for Group II

3. Determinations of lymphocyte subsets (CD4, CD8, and CD 3)—yearly for Group 

1, every 6 months for Group II

4. CMV culture and serology—every 6 months for Group II only

5. EBV culture and serology—every 6 months for Group II only

6. Pulmonary physical examination and oxygen saturation by pulse oximetry—every 

3 months in the first year, every 6 months thereafter

7. Delayed hypersensitivity skin testing using tuberculin, Candida, and tetanus—

yearly after 1 year of age

8. Pulmonary function tests—every 6 months, with Group IIb not tested at ages 24, 30 

months

a. Under 2 years: Total respiratory system compliance and resistance, 

functional residual capacity, forced expiratory flow from partial forced 

expiratory flow volume curves

b. Three to 5 years: Peak expiratory flow rates, compliance, and resistance

c. Five years and over: Spirometry (forced vital capacity, 1-sec forced 

expiratory flow, forced expiratory flow between 25 and 75% of the vital 

capacity)

9. Cardiac function tests

a. Electrocardiogram and Holter monitoring—yearly

b. Cardiac assessment and echocardiogram—every 4 months for Groups I, IIa, 

and every 6 months for Group IIb

c. Fetal echocardiogram—Group II fetuses prenatally enrolled

10. Chest roentgenogram—yearly for Group I, at ages 3, 12, 18 months for Group IIb, 

at ages 3, 12, 18 months, yearly thereafter for Group IIa

11. Technetium-99m diethylenetrianene pentacetate (99mTc-DTPA) clearance studies

—every 6 months after age 6 months; stopped after age 18 months in Group IIb

Serum is drawn and frozen for use in future studies. Immediate past history is recorded 

during follow-up visits. Complications other than pulmonary or cardiovascular are recorded 

at the follow-up visits. For Group IIb patients who are randomized off the study, follow-up 
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after 6 months consists of ELISA and if necessary Western blot age ≥ 15 months to confirm 

that there is no HIV infection.

INTERCURRENT ILLNESSES—Pulmonary complications are recorded (see Appendix 2 

for definitions). A respiratory evaluation is triggered by any one of the following symptoms, 

signs, and tests:

1. Unexplained cough for more than 5 days

2. Oral temperature >38°C for more than 5 days or rectal temperature >38.5°C for 

more than 5 days

3. Tachypnea

4. Crackles on auscultation

5. Appearance of digital clubbing

6. Oxygen saturation <96%

7. Abnormal chest roentgenogram

Primary caretakers were alerted to these symptoms and signs and instructed to contact the 

clinical study center should they develop. Unless an extrapulmonary diagnosis can be made, 

a respiratory symptom evaluation will be made, which includes the following:

1. Interval visit questionnaire and physical examination

2. Chest roentgenogram

3. Arterial blood gas

4. Blood culture

5. Respiratory viral cultures

6. CBC, ESR, LDH

An intercurrent illness algorithm was developed (Fig. 1) as a guideline to be followed after 

the respiratory symptom evaluation visit. The algorithm is intended to maximize the 

possibility of making a diagnosis while minimizing invasive studies that might decrease 

patient adherence. If the symptom evaluation visit reveals a new abnormality on chest X-ray 

or tachypnea, further evaluation is dependent on the presence or absence of hypoxemia. If a 

blood culture is positive with a new radiographic abnormality, the patient is treated for a 

bacterial pneumonia with antibiotics. If a clinical response is not observed within 72 hr, a 

bronchoalveolar lavage (BAL) is performed. If there is a negative culture and focal 

consolidation, and empiric antibiotic therapy is used with no response after 5 days, a BAL is 

done. An open lung biopsy is encouraged within 24 hr if a radiograph shows diffuse 

interstitial lung disease with a negative BAL and the patient remains hypoxemic.

A chronic lung disease algorithm was developed for the evaluation of an intercurrent illness 

if an abnormal chest X-ray or tachypnea persists for more than 2 weeks. When following the 

chronic lung disease algorithm, if the patient has negative BAL with persistent infiltrate for 
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6 months’ duration on radiograph, a thin-cut computerized tomography (CT) scan is 

recommended for diagnosis of bronchiectasis.

In the presence of an intercurrent illness a cardiac evaluation algorithm was developed so 

that assessment could be undertaken in a timely fashion. These guidelines were instituted 

because cardiovascular involvement is often clinically occult, may be life threatening, and 

signs and symptoms may erroneously be attributed to other organ systems. An assessment 

(physical examination, echocardiogram, electrocardiogram [ECG], and Holter monitor) is 

triggered if respiratory symptoms that are not attributed to lung disease are unresponsive for 

more than 7 days, if there are persistent respiratory symptoms with documented lung disease 

for more than 2 weeks, or if there are signs or symptoms that may be attributable to 

cardiovascular disease.

QUALITY ASSURANCE PROCEDURES

This study has implemented a number of procedures to ensure that the data obtained are of 

high quality. Prior to beginning recruitment, nurse coordinators and data management 

personnel from the clinical centers attended a 3-day training session at the CCC to review 

the protocol, manual of operations, and data management system. Personnel were certified 

in the following four areas: (1) forms completion, (2) data entry, (3) data transmission, and 

(4) query data reports. Monitoring of data submission, patient retention, and protocol 

compliance is accomplished by monthly reports, and through periodic site visits to the 

clinical centers. Additional steps are taken, as summarized below.

Laboratory

Since all of the participating centers in the study are members of the National Institute of 

Allergy and Infectious Diseases AIDS Clinical Trials Group (ACTG), all centers have 

quality control procedures for HIV testing and certain immunologic tests (e.g., leukocyte 

markers and flow cytometry). A central EBV laboratory performs all EBV culture and 

serology tests. To assure standardized performance of CMV results, an external quality 

control system has been implemented whereby every 6 months, known culture and serologic 

specimens are sent to all participating laboratories for blinded analysis, and results are 

compared with the known standards.

Cardiology

In addition to being measured by clinical center cardiologists, all fetal echocardiograms have 

been reviewed and reanalyzed by a single individual, to ensure uniformity. Similarly, to 

ensure uniformity of echocardiographic measurements, all postnatal echocardiograms are 

sent to a central location for offline digitization, to include measurements of systolic and 

diastolic ventricular function. Any Holter monitor report showing a disturbance of rhythm or 

conduction other than sinus tachycardia or sinus bradycardia is sent to a central Holter 

monitor reviewer for evaluation. Quality control of electrocardiograms is accomplished 

through a central review of a random sample of electrocardiographic tracings.
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Pulmonary

Quality assurance of chest X-ray readings has been accomplished by periodically 

distributing a random sample of normal and abnormal films from each center to two other 

study radiologists for review in a blinded fashion, followed by review of all films by the 

radiologist at the CCC. All centers use the same equipment and software for pulmonary 

function testing. To assess intertechnician variability, random samples of pulmonary 

function test studies are analyzed by technicians from all pulmonary function testing sites on 

a periodic basis. Quality control of Tc99m DTPA studies is accomplished through a central 

review of all studies by the chair of the Nuclear Medicine Subcommittee, development of an 

atlas distributed to the nuclear medicine physicians, and follow-up conference calls. Quality 

control of spirometry is accomplished by examination of reproducibility of the two best 

measurements of forced expiratory volume in 1 sec (FEV1) and forced vital capacity (FVC), 

out of five efforts recorded.

All cases of pneumonia in which no specific organism was isolated or pathological diagnosis 

was made (pneumonia, not otherwise specified) are reviewed at 6-month intervals. The 

investigators review the clinical course, chest X-rays, and laboratory findings to determine 

whether a specific diagnosis can be made.

DATA MANAGEMENT

Data are recorded on paper forms, and are entered on a personal computer into a FoxPro 

database [11] by personnel at each of the five clinical centers. Extensive use of required 

fields, range checks, and built-in skips are utilized at the time of key entry to minimize the 

possibility of data entry errors, and all data are re-key verified. In the first years of the study, 

a random sample of approximately 5% of the forms was also sent to the CCC for duplicate 

key entry; the rate of key-entry errors was found to be extremely low (0.1% or less). Data 

are transmitted nightly via modem to the main study computer at the CCC and further data 

inconsistencies are referred to the clinical centers for resolution. These queries are tracked in 

the main study database. To ensure confidentiality the CCC identifies subjects by study 

number only.

ANALYSIS PLANS

Incidence, prevalence, and recurrence rates of cardiac and pulmonary complications will be 

summarized using proportions or from Kaplan-Meier [12] analyses of cumulative incidence 

or recurrence. In Groups IIa and IIb, time from birth will be the natural time scale in time-to-

event analyses. Cox proportional hazards regression models [13] will be used to examine the 

effects of multiple factors (e.g., treatment[s] received, immune status, maternal 

characteristics, coinfections) on time to complications or disease incidence and survival. 

Time-dependent covariates can be used to allow for persons changing treatments or 

receiving multiple treatments over the course of follow-up. Cumulative incidence rates at 

various time points (e.g., birth, 1 year) will be calculated for Groups IIa and IIb, as well as 

for selected subgroups. Logistic regression [14] will be used to determine factors that are 

associated with complications and to compare groups (e.g., IIa and IIb) after adjusting for 

confounding factors.
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Longitudinal data on continuous outcomes such as cardiac function measurements from 

offline echocardiogram analysis (fractional shortening, contractility, afterload) or from 

pulmonary function testing (compliance, resistance, flow at functional residual capacity 

[FRC]) will be modeled using mixed-effects models [15] or unbalanced repeated measures 

models [16], which allow for data to be collected at irregular time points. These methods 

will allow, for example, estimation and comparison of mean profiles by age for Groups I, 

IIa, and IIb. Careful interpretation of longitudinal profiles or average growth curves for 

continuous outcomes such as height, weight, or cardiac or pulmonary function 

measurements of HIV-infected children will be required, recognizing that the patients in the 

cohort still being followed at a given age are survivors who may have had different growth 

profiles than the patients who are no longer being followed. When external normative data 

are available, data from Groups I, IIa, and IIb will be compared to nonstudy data by 

calculating and analyzing z scores. Mean profiles of original measurements as well as age or 

size-corrected z scores will be examined. These will require careful interpretation, because 

the Group IIa and IIb children are expected to differ in size owing to growth retardation, and 

standardization of many cardiac or pulmonary function measurements is based on height or 

body surface area. Also, analyses involving Group I children must be interpreted cautiously 

since this group is not a population-based sample and selection biases may have operated in 

the formation of this group; e.g., symptomatic children may have been more likely to be 

enrolled than nonsymptomatic children who have not come to medical attention. In addition, 

detailed information on Group I children between birth and time of enrollment is not 

available.

RESULTS OF DESIGN STRATEGY

Enrollment of participants began in May 1990 and continued through April 1993 in Group I 

and through January 1994 for Group II. The last Group II birth occurred in August 1994. We 

enrolled 206 infants and children in Group I and 612 fetuses and infants resulting from 599 

separate pregnancies among 563 mothers in Group II. Of the 612 Group II enrollees, 444 

(73%) were enrolled prenatally. Twelve (3%) of the prenatal enrollments were fetal deaths. 

As of March 1, 1996, 62 (10%) of the 612 Group II fetuses and infants were HIV 

indeterminate, and of the remainder, 95 (17%) were HIV infected (Group IIa) and 455 (83% 

were noninfected (Group IIb). Two hundred and sixteen Group IIb children from 204 

mothers have been randomized to remain on study as controls. The 62 indeterminates either 

died (n = 17, 27%) or were lost to follow-up (n = 45; 73%) before HIV status could be 

determined. Selected characteristics of the mothers and children are shown in Tables 1 and 

2,16a respectively.

Retention of the cohorts of infected children (Groups I and IIa) was good, with only 16.0% 

(Group I) and 10.5% (Group IIa) lost to follow-up over 3 years (Fig. 1). Retention of 

noninfected Group IIb children was lower (30.6% lost to follow-up over 3 years). Kaplan-

Meier cumulative mortality rates (± SE) through 2 and 3 years of life were 15.6% (± 3.8%) 

and 24.9% (± 4.9%) in Group IIa, respectively (Fig. 2), whereas the observed 3-year 

mortality was 0% in Group IIb. Cumulative mortality rates through 2 and 3 years since 

enrollment in Group I were 17.0% (± 2.7%) and 20.7% (± 2.9%), respectively.
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DISCUSSION

This study prospectively follows a cohort of children born to HIV-infected mothers 

beginning during fetal life or within 28 days of birth (Group II) and another group of 

predominantly symptomatic children with HIV infection who presented after the neonatal 

period (Group I). Because the subjects have been receiving either standard care or were part 

of clinical drug trials, the study describes the treated disease process rather than the true 

natural history of the pulmonary and cardiac complications. The types and incidence of 

these complications as well as the factors associated with their occurrence can be determined 

by this design. HIV-infected mothers are enrolled into the study during pregnancy for 

characterization of clinical, immunologic, and viral factors during pregnancy, which 

provides a unique opportunity for relating the course of pulmonary and cardiac 

complications of HIV infected children to maternal factors. Group I allows the study of the 

course of pulmonary and cardiovascular complications at more advanced stages of infection.

The children born to HIV-infected mothers had a high rate of prematurity (gestational age 

<37 weeks) and low birth weight (weight <2500 g). However, these rates are similar to 

previously reported rates for low-income African-Americans and Hispanics in the United 

States [17–19].

The P2C2 recruitment efforts resulted in a Group I cohort with asymptomatic and 

symptomatic children with a wide range of disease severity (Table 2). Group IIa is more 

representative of the natural history of HIV infection because recruitment took place 

prenatally or at birth. The cumulative mortality rate of Group IIa at 36 months was 25%. 

This is comparable to the 19% mortality rate observed by the French Pediatric HIV Infection 

Study Group at 36 months [20,21].

A broad range of pulmonary and cardiac disorders is associated with HIV infection. 

Previous studies have either retrospectively described pulmonary and cardiovascular 

disorders in a cohort of HIV-infected patients or described a cross-section of patients who 

were not necessarily followed from birth [22–24]. Prospectively collected data regarding 

progression of disease, correlations with immunologic and infectious factors, and evaluation 

of common respiratory infections in HIV-infected patients have not been available. The 

children in this study cohort are characterized by clinical features, immunologic tests, and 

viral exposures that previous studies have indicated may play a role in development of a 

specific disease or be predictive of subsequent development of disease [7,8,25–28]. The 

design will help elucidate the role of these factors in prediction, diagnosis, and 

pathophysiology of pulmonary and cardiovascular disease. The longitudinal nature of this 

study permits a description of the causes and outcomes of specific disorders and an 

assessment of the impact of other factors in the course of the disorder. In addition, the effect 

of specific diseases on progression of HIV disease may also be assessed. Such data are 

important for program planning and resource allocation.

The majority of infants born to infected mothers do not acquire HIV infection; noninfected 

infants cannot be identified at birth using presently available techniques. This uninfected 

group (Group IIb) serves as a control in the study. The advantage of this group as a control 
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is that it consists of children with similar environmental and psychosocial risks. However, it 

is not known whether these children who are exposed to HIV in utero or at time of delivery 

differ from unexposed normal children. The possibility exists that maternal HIV affects the 

immune system of exposed but apparently uninfected individuals. Evidence indicates that 

seropositive infants (i.e., those with passively acquired antibody but not infected) have 

slightly lower CD4 T lymphocyte counts in the first year as compared to normal controls 

[29]. If differences exist between Group IIb and normal controls, they may be ascribed 

either to the effects of developing in the womb of an HIV-infected mother or to factors such 

as maternal smoking, alcohol or drug abuse that are prevalent among Group IIb mothers. If 

no differences in this study are found in a comparison between Groups IIa and IIb, one 

cannot tell with certainty if the groups are similar because of exposure to maternal HIV 

infection, or because of shared psychosocial or other factors. However, comparisons can be 

made of Group IIb with normal data taken from populations with similar demographics 

(e.g., echocardiographic variables, infant pulmonary function, or growth). It would have 

been ideal to have an additional group of children followed from birth whose mothers were 

uninfected but were from socioeconomic backgrounds similar to those in Groups I and II, 

but this was not feasible for economic reasons.

HIV transmission from mother to infant can be significantly reduced by zidovudine 

treatment of the mother antepartum and intrapartum and by treatment of the infants 

postpartum, reducing transmission rates to as low as 8% [30]. Therefore, a large number of 

children must be enrolled into a clinical study to recruit a sufficient number of HIV-infected 

children. During the course of the study, advances in technology became available that 

allowed us to make earlier diagnosis of HIV infection in infants. We then were able to 

reduce costs significantly by randomly selecting a subset of the HIV-negative children for 

long-term follow-up.

Cost efficiency can also be achieved by optimizing retention of recruited participants. Our 

data show that we are dealing with a population that not only has significant health problems 

related to HIV, but also has significant alcohol and drug-related problems that could 

potentially interfere with study participation. Nevertheless, by having study nurse recruiters 

acting as case managers, we have demonstrated that excellent retention in the study over 48 

months can be achieved in families with infected children. We were less successful in 

retaining those who were not infected and had few health problems. Other incentives to 

retain these subjects may be necessary if similar recruitment strategies are used in future 

studies.

In summary, this study has enrolled participants from a wide geographic area and represents 

a population that is likely to be typical of the national population of infants and children 

born to HIV-infected mothers. Because HIV-infected children are a growing segment of the 

population, careful documentation of disease patterns is essential. The systematic 

accumulation of information regarding cardiovascular and pulmonary complications and the 

assessment of factors relating to their development will be useful in the long-term 

management of patients and allocation of resources.
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APPENDIX 2. Criteria for diagnosis of specific pulmonary complications

Complication Criteria

a. Upper respiratory illness Rhinitis, pharyngitis, or otitis diagnosed by appropriate history and physical 
examination

b. Fungal pulmonary infection Clinical evidence of pneumonia, new CXR abnormality, and tracheal secretion 
positive for fungal organism (by stain or culture)

c. Viral pneumonia Clinical evidence of pneumonia, new CXR abnormality, and virus recovered 
from lavage fluid or lung biopsy without bacterial or PCP infection. Histologic 
evidence of invasive infection required for diagnosis of CMV

d. Bacterial pneumonia Clinical evidence of pneumonitis (i.e., cough, tachypnea, rales, and purulent 
sputum), new chest X-ray abnormality, leukocytosis (> 15,000 WBCs, 
predominantly polymorphonuclear cells) with intracellular organisms from 
respiratory secretions or positive blood culture, or positive cold agglutinins

e. Mycobacterial pulmonary 
infection

New CXR abnormality, mycobacteria recovered from BAL or lung biopsy, or 
positive gastric aspirate

f. Pneumocystis carinii pneumonia Evidence of organisms from BAL fluid or open lung biopsy

g. Lymphoproliferative interstitial 
pneumonia

Evidence of interstitial lung disease by CXR, BAL negative for PCP, open lung 
biopsy histologically consistent for LIP or PLHa

h. Other interstitial lung disease Evidence of either interstitial lung disease by CXR, or pathology from open lung 
biopsy consistent with interstitial lung disease. BAL negative for PCPb

i. Chronic obstructive lung disease Clinical findings, including expiratory airway obstruction on physical 
examination and/or chest roentgenographic evidence and evidence of 
hyperinflation in absence of clinical and/or laboratory finds of infection

j. Airway hyperreactivity Obstructive airway disease with clinical response to bronchodilators

k. Upper airway obstruction Abnormality by direct inspection and/or appropriate clinical history

l. Pulmonary vascular disease Histologic evidence on open lung biopsy,b or abnormality defined on cardiac 
catheterization or pulmonary angiography

m. Bronchiolitis Clinical findings consistent with bronchiolitis and absence of lobar 
consolidation on chest radiograph

a
See Ref. [10a].

b
See Ref. [10b].

Abbreviations: CXR, chest X-ray; PCP, Pneumocystis carinii pneumonia; CMV, cytomegalovirus; BAL, bronchoalveolar 
lavage; LIP, lymphoid interstitial pneumonia; PLH, pulmonary lymphoid hyperplasia.
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FIGURE 1. 
Cumulative rates of loss to follow-up, estimated by the Kaplan-Meier method, are plotted 

for Groups I, IIa, and IIb using information available through of March 31, 1996. The 

cumulative loss-to-follow-up rate for all Group II children (not shown) is higher than for 

Groups IIa or IIb because the rates for Groups IIa and IIb exclude HIV-indeterminate 

children who are lost to follow-up before their HIV status can be determined. Loss-to-

follow-up rates for all Group II children combined, including HIV indeterminates, are 

26.9%, and 38.3% at 24 and 36 months, respectively.
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FIGURE 2. 
The cumulative mortality curve for the Group IIa children, estimated by the Kaplan-Meier 

method, is shown with 95% confidence limits (dotted lines).
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TABLE 1

Characteristics of mothers

Characteristic Group I (n = 205) Group II (n = 588)a

Age (years) at birth of child: median (range) 27.1 (16.5–43.5) 26.6(15.5–41.8)

CD4%: mean ± SD — 27.3 ± 11.2

CD4 cells/mm3: mean ± SD — 494 ± 386

CD8%: mean ± SD — 50.7 ± 12.7

CD4:CD8 ratio: mean ± SD — 0.64 ± 0.54

Race (%)

  Black non-Hispanic 42.6% (86/202) 49.6% (282/569)

  Hispanic 39.6% (81/202) 32.2% (183/569)

  White non-Hispanic 15.3% (31/202) 15.8% (90/569)

  Other 2.5% (5/202) 2.5% (14/569)

HIV risk factors (%)

  Used IV drugs 34.4% (65/189) 23.5% (129/549)

  Sex with drug users 62.9% (109/174) 54.5% (266/488)

  Sex with homosexual men 7.7% (11/142) 8.1% (35/431)

  Blood transfusion prior to 1985 12.6% (22/174) 5.0% (27/554)

Smoked while pregnant (%)b 41.0% (73/178) 38.3% (213/556)

Drank alcohol while pregnant (%)b 24.1% (42/174) 20.9% (115/551)

Used street drugs while pregnant (%)b 33.7% (61/181) 31.5% (176/558)

Used cocaine/crack while pregnant (%)b 27.6% (50/181) 23.7% (132/558)

AZT used during pregnancy (%) — 34.1% (192/563)

Medical history of anemia (%) 37.0% (67/182) 33.2% (185/557)

a
Sample size is number of pregnancies.

b
Self-report by mothers.
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TABLE 2

Characteristics of children and infants at birth (Group II) or enrollment (Group I)

Characteristic Group I (n = 205) Group II (n = 600)a

Age (months) at enrollment: median (range) 22.9 (1.7–166) —

Percent male 46.3% (95/205) 52.7% (316/600)

CDC pediatric HIV disease classification (1987 version)

  P1: Asymptomatic infection 11.7% (24/205) —

  P2: Symptomatic infectionb 88.3% (181/205) —

    Nonspecific findings only (subclasses A, D3) 25.4% (52/205) —

    Progressive neurologic (subclass B) 20.5% (42/205) —

    LIP (subclass C) 4.9% (10/205) —

    Nonneurologic (subclasses D1, D2) 44.9% (92/205) —

    Other (subclass F) 28.3% (58/205) —

Number of past hospitalizations (%)

  0 24.9% (50/201) —

  1 30.3% (61/201) —

  ≥2 44.8% (91/201) —

Gestational age <37 weeks (%) 24.5% (45/184) 18.9% (111/587)

Birthweight (g)c,d: mean ± SD 2872 ± 687 3018 ± 655

Birthweight z scorec,d: mean ± SD −0.55 ± 1.49 −0.32 ± 1.18

Birthweight < 2500 (%) 28.6% (52/182) 16.5% (93/562)

Birth length z scorec,d: mean ± SD — −0.20 ± 1.32

Head circumference z scorec,d: mean ± SD — −0.64 ± 1.28

Apgar (1-min): mean ± SD — 7.89 ± 1.46

Apgar (5-min): mean ± SD — 8.78 ± 0.89

Urine test positive for illicit drugs (n = 212 tested) (%) — 55.8%

Urine test positive for cocaine/crack (n = 212 tested) (%) — 39.6%

a
Excludes n = 12 fetal deaths.

b
Numbers reported for subclasses B, C (Dl, D2), F are not exclusive.

c
Excludes n = 24 twin births.

d
z Scores calculated on basis of gestational age [16a].
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