CYTOMEGALOVIRUS INFECTION AND HIV-1 DISEASE PROGRESSION IN INFANTS BORN TO HIV-1-INFECTED WOMEN

CYTOMEGALOVIRUS INFECTION AND HIV-1 DISEASE PROGRESSION
IN INFANTS BORN TO HIV-1-INFECTED WOMEN

ANDREA KovAcs, M.D., MARK SCHLUCHTER, PH.D., KIrk EAsLEY, M.S., GAIL DEMMLER, M.D.,
WILLIAM SHEARER, M.D., PH.D., PHiLIP LA Russa, M.D., JANE PitT, M.D., ELLEN CooreRr, M.D.,
JOHANNA GoLDpFARB, M.D., Davib Hobes, M.D., MeYeER KATTAN, M.D., AND KENNETH McINTOSH, M.D.,
FOR THE PEDIATRIC PULMONARY AND CARDIOVASCULAR COMPLICATIONS OF VERTICALLY TRANSMITTED
HIV INFECTION STUuDY GROUP*

ABSTRACT

Background and Methods Cytomegalovirus (CMV)
has been implicated as a cofactor in the progression
of human immunodeficiency virus type 1 (HIV-1) dis-
ease. We assessed 440 infants (75 of whom were
HIV-1-infected and 365 of whom were not) whose
CMV status was known, who were born to HIV-1-
infected women, and who were followed prospec-
tively. HIV-1 disease progression was defined as the
presence of class C symptoms (according to the cri-
teria of the Centers for Disease Control and Preven-
tion [CDCI]) or CD4 counts of less than 750 cells per
cubic millimeter by 1 year of age and less than 500
cells per cubic millimeter by 18 months of age.

Results At birth the frequency of CMV infection
was similar in the HIV-1-infected and HIV-1-unin-
fected infants (4.3 percent and 4.5 percent, respec-
tively), but the HIV-1-infected infants had a higher
rate of CMV infection at six months of age (39.9 per-
cent vs. 15.3 percent, P=0.001) and continued to have
a higher rate of CMV infection through four years of
age (P=0.04). By 18 months of age, the infants with
both infections had higher rates of HIV-1 disease pro-
gression (70.0 percent vs. 30.4 percent, P=0.001),
CDC class C symptoms or death (52.5 percent vs.
21.7 percent, P=0.008), and impaired brain growth
or progressive motor deficits (35.6 percent vs. 8.7
percent, P=0.005) than infants infected only with
HIV-1. In a Cox regression analysis, CMV infection
was associated with an increased risk of HIV-1 dis-
ease progression (relative risk, 2.59; 95 percent con-
fidence interval, 1.13 to 5.95). Among children infect-
ed with HIV-1 alone, but not among those infected
with both viruses, children with rapid progression of
HIV-1 disease had higher mean levels of HIV-1 RNA
than those with slower or no progression of disease.

Conclusions HIV-1-infected infants who acquire
CMV infection in the first 18 months of life have a
significantly higher rate of disease progression and
central nervous system disease than those infected
with HIV-1 alone. (N Engl J Med 1999;341:77-84.)
©1999, Massachusetts Medical Society.

LTHOUGH numerous epidemiologic,
pathological, and in vitro molecular studies
have implicated cytomegalovirus (CMV) as
a cofactor in the pathogenesis of the ac-
quired immunodeficiency syndrome (AIDS), a direct
causal relation has been difficult to document, since
most adult patients are infected with CMV long be-

fore becoming infected with human immunodefi-
ciency virus type 1 (HIV-1).115 In contrast, children
acquire primary CMYV infection either at the same
time as or after they acquire HIV-1 infection. Thus,
the effect of CMV on the progression of HIV-1 dis-
ease can be more easily studied in children. Moreover,
because in infants and children both HIV-1 and
CMV infections usually occur during important pe-
riods of development, there may be major clinical,
virologic, and immunologic interactions between the
two infections. We examined the association of CMV
infection with the progression of HIV-1 disease in a
cohort of 600 prospectively enrolled infants.

METHODS
Patient Population

The Pediatric Pulmonary and Cardiovascular Complications of
Vertically Transmitted HIV Infection Study is a prospective, mul-
ticenter study of the natural history of cardiovascular and pulmo-
nary disorders and associated risk factors in children with vertically
transmitted HIV-1 infection. Patient recruitment and the study
population have been previously described.!6 The study was initiat-
ed after institutional review board approval at each center, and pa-
tients were enrolled after written informed consent was obtained.

Among 600 infants born to HIV-1-infected women, 432 (72.0
percent) were enrolled while their mothers were pregnant and 168
(28.0 percent) before 28 days post partum. Among 93 HIV-1-
infected infants, 29 (31.2 percent) were enrolled postnatally (me-
dian, 12 days; range, 1 to 28). HIV-1 infection was diagnosed if a
child had two positive HIV-1 cultures, had a positive HIV-1 an-
tibody test at 15 or more months of age, died of an HIV-1-asso-
ciated condition, or had AIDS. Infants with two negative HIV-1
cultures (one at 5 or more months of age) or negative HIV sero-

From the Maternal-Child HIV Management and Research Center, Los
Angeles County and University of Southern California Medical Center, and
the Division of Pediatric Infectious Diseases, University of Southern Cali-
fornia School of Medicine — both in Los Angeles (A.K.); the Department
of Biostatistics and Epidemiology (M.S., K.E.) and the Division of Pediat-
ric and Adolescent Medicine (J.G.), Cleveland Clinic Foundation, Cleve-
land; the Section of Infectious Diseases, Department of Pediatrics (G.D.),
and the Department of Allergy and Immunology (W.S.), Baylor College of
Medicine, Houston; the Department of Pediatrics, Columbia—Presbyterian
Medical Center, New York (P.L., J.P); the Department of Pediatrics, Bos-
ton Medical Center, Boston (E.C.); the Division of Pediatric Infectious
Diseases, Department of Pediatrics (D.H.), and the Pediatric Pulmonary
and Critical Care Division (M.K.), Mount Sinai School of Medicine, New
York; and the Division of Infectious Disease, Children’s Hospital, Boston
(K.M.). Address reprint requests to Dr. Kovacs at the Health Research As-
sociates Bldg., 1640 Marengo St., 3rd Fl., Los Angeles, CA 90033, or at
akovacs@hsc.usc.edu.

*Institutions and investigators participating in the Pediatric Pulmonary

and Cardiovascular Complications of Vertically Transmitted HIV Infection
Study are listed in the Appendix.

Volume 341 Number 2 - 77

Downloaded from www.nejm.org on October 10, 2008 . For personal use only. No other uses without permission.
Copyright © 1999 Massachusetts Medical Society. All rights reserved.



The New England

Journal of Medicine

logic results at 15 or more months of age were considered to be
HIV-1-uninfected. All others were considered to be of indeter-
minate status with respect to HIV-1.

Children through five years of age underwent serial immuno-
logic evaluation by standard flow-cytometric techniques and se-
rum HIV-1 RNA quantitation by the Amplicor HIV-1 Monitor
Test (Roche Diagnostic Systems, Branchburg, N.J.) with a lower
limit of detection of 400 HIV-1 RNA copies per milliliter.!” The
1994 revised classification system of the Centers for Disease Con-
trol and Prevention (CDC) was used to classify infants according
to the immunologic and clinical stage of HIV-1 disease (category
1, 2, or 3, or class A, B, or C).!8 HIV-1 disease progression was
defined as the presence of CDC class C symptoms (AIDS-defin-
ing conditions) or CD4 counts of less than 750 cells per cubic
millimeter (CDC category 3) before 1 year of age and less than
500 cells per cubic millimeter by 18 months of age.

CMV Studies

Local centers performed all CMV urine cultures with standard
virologic techniques (shell-vial or standard culture) and CMV
IgG and IgM antibody testing with commercially available en-
zyme immunoassays during pregnancy for women, and at birth
and every six months thereafter for infants. The CMV cultures
and serologic tests were monitored by an external interlaboratory
quality-assurance program with a respective sensitivity and speci-
ficity of 100 percent and 98 percent for CMV cultures, 95.4 per-
cent and 94.7 percent for IgG assays, and 90.0 percent and 86.8
percent for IgM assays. Among the infants who were HIV-1-pos-
itive, those who were CMV-negative had a median of six CMV
cultures and five serologic tests, and those who were CMV-posi-
tive had a median of five CMV cultures and three serologic tests.
Cultures of saliva were performed in a subgroup of infants.

The CMYV polymerase chain reaction (PCR) was performed on
frozen urine samples collected at one institution. Samples from
only two children produced repeatedly positive results, which
were confirmed later by culture and serologic testing.!? A child
who had a positive culture of urine or saliva or a positive result
on PCR of urine at any age, or who had a positive serologic test
for IgG or IgM at 12 or more months of age, was considered
CMV-infected. Only one HIV-1-positive child had a positive
CMV IgM test at two years of age. Serologic results for 13 chil-
dren receiving intravenous immune globulin were excluded.

Patients more than six months of age were considered CMV-
uninfected if they had a negative serologic test and no positive
culture results on or before the date of the negative serologic test.
An infant with a positive CMV culture in the first 21 days of life
was considered to have been infected in utero.20

Statistical Analysis

Cumulative rates of CMV infection among children who were
free of congenital CMV infection were obtained from a Weibull
model?! in which the dependent variable was the time to CMV
infection (interval-censored), fitted separately for the HIV-1-infect-
ed and HIV-1-uninfected groups. The cumulative percentage with
CMV infection at age ¢ was then estimated as 8+(1—-0) F(#),
where 0 is the estimated percentage congenitally infected and F(z)
is the estimated percentage infected by age # from the Weibull
model.

The relation between disease progression and CMV infection
was examined by comparing Kaplan—Meier estimates of progres-
sion in those infected and not infected with CMV at 6, 12, and
18 months of age. The generalized Wilcoxon test was used to com-
pare overall incidence. When the Kaplan—Meier estimates match
the simple fractions of patients with disease progression because of
the lack of censoring, we report the numerators and denominators
of the simple fractions as well. To examine the temporal relation
between CMYV infection and disease, we included CMYV infection
as a time-dependent covariate (yes or no) in a Cox regression mod-
el of time to discase progression or death. The multiple-imputation
method was used to impute times of CMV infection on the basis
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Figure 1. Estimated Cumulative Rates of CMV Infection over
Time among HIV-1-Infected and HIV-1-Uninfected Children.

At the end of follow-up, 52 HIV-1-infected children were con-
firmed to be CMV-infected, 23 were CMV-uninfected, and 18
were of unknown status. Of the 463 HIV-1-uninfected children,
144 were CMV-infected, 221 were CMV-uninfected, and 98
were of unknown status. I-bars indicate 95 percent confidence
intervals.

of a Weibull model, conditional on disease status at 18 months
and on the left and right censoring times defining the intervals
containing the times of CMV infection. The results from 300
multiply imputed data sets were combined to estimate the relative
risk of disease progression.22-23 These Cox regression analyses fo-
cused on disease events only in the first 18 months of life.
Longitudinal analyses of lymphocyte subgroups (cube-root
transformation of counts) and serum HIV-1 RNA (log,,) were
performed by SAS Proc Mixed, which provided estimates and 95
percent confidence intervals for the means according to HIV-1 sta-
tus, CMV status, and age. CMV status was a time-dependent co-
variate, since at any age the CMV status could change irrevocably
from uninfected to infected. Reported P values are two-sided.

RESULTS
CMV Infection According to Age

Among the 600 infants enrolled, 93 were HIV-1-
infected (median age at first positive culture, 3.2
months), 463 were HIV-1-uninfected, and 44 were
of indeterminate HIV-1 status; 51.5 percent were
black, 30.3 percent were Hispanic, and 52.7 percent
were male. Figure 1 shows the rate of CMV infection
according to age and HIV-1 status, with 75 infected
and 365 uninfected infants having known CMV sta-
tus. The incidence of in utero CMV infection was
similar for HIV-1-infected and HIV-1-uninfected
infants: 2 of 47 (4.3 percent) vs. 9 of 200 (4.5 per-
cent). However, HIV-1—-infected infants had a higher
rate of CMV infection at six months of age (39.9 per-
cent vs. 15.3 percent, P=0.001), and the cumulative
rates of CMV infection over time among HIV-1-
infected children were significantly higher through
four years of age (P=0.04).
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Clinical Outcome in HIV-1-Infected Children

We assessed the effect of CMV infection on HIV-1
disease progression in two ways: first, by analyzing
the available data on CMV infection at 6,12, and 18
months in relation to HIV-1 disease progression,
and second, by performing a Cox regression as de-
scribed in the Methods section.

Infants infected with both HIV-1 and CMV at
6, 12, and 18 months were more likely to have disease
progression than those infected with HIV-1 alone.
At 6 months, 7 of 13 infants with HIV-1 and CMV
(53.8 percent) and 5 of 38 with HIV-1 alone (13.2
percent) had disease progression (P=0.006); at 12
months, 15 of 23 with HIV-1 and CMV (65.2 per-
cent) and 7 of 29 with HIV-1 alone (24.1 percent)
had disease progression (P=0.001); at 18 months,
28 of 40 with HIV-1 and CMV (70.0 percent) and
7 of 23 with HIV-1 alone (30.4 percent) had disease
progression (P=0.001). Kaplan—Meier estimates of
disease progression at 18 months are shown in Fig-
ure 2A. These differences continued through 4 years
of age (P=0.002 for overall incidence, with the use
of CMV status at 18 months).

Infants with both infections were also more likely
than those with HIV-1 infection alone to have class C
symptoms or to have died by 18 months of age (52.5
percent vs. 21.7 percent, P=0.008 at 18 months and
P=0.02 for overall incidence), as shown in the Kap-
lan—Meier plot in Figure 2A. Class C symptoms in
the first 18 months of life are summarized in Table
1. Class C CMV disease was seen in three children,
all of whom had other AIDS-defining conditions.

Infants with both infections were more likely than
those with HIV-1 infection alone to have HIV-1-
associated encephalopathy at 18 months (35.6 per-
cent vs. 8.7 percent, P=0.005), including impaired
brain growth (5 of 40 vs. 0 of 23) and progressive
motor deficits (11 of 40 vs. 2 of 23), as shown in
the Kaplan—Meier plots in Figure 2B. As with dis-
ease progression, these measures of HIV-1 disease
outcome were significantly associated with CMV sta-
tus at 6 and 12 months of age as well (data not
shown). Data on CMV cultures in the first 21 days
of life were available for only 8 of the 14 children
who had central nervous system disease by 18 months,
but all cultures were negative.

Cox regression analysis indicated that CMV infec-
tion during the first 18 months of life raised the risk
of HIV-1 disease progression (relative risk, 2.59; 95
percent confidence interval, 1.13 to 5.95; P=0.02).
The risk remained elevated after adjustment for ma-
ternal CD4 percentage (the percentage of lympho-
cytes that were CD4-positive) (relative risk, 2.53;
P=0.05). The results of the Cox regression analysis
also suggested that CMV infection raised the risk of
class C symptoms or death (relative risk, 2.46; 95
percent confidence interval, 0.95 to 6.36; P=0.06)
and HIV-1-associated encephalopathy (relative risk,
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Figure 2. Cumulative Rates of Morbidity and Mortality Due to
AIDS in HIV-1-Infected Children According to CMV Status at 18
Months of Age.

Forty children had CMV infection, and 23 did not. Thirty addi-
tional children had unknown CMV status. Panel A shows the
cumulative incidence of disease progression (P=0.001) and of
CDC class C symptoms or death (P=0.008). Panel B shows the
cumulative incidence of central nervous system (CNS) disease
(impaired brain growth or progressive symmetric motor def-
icits) (P=0.005).

2.90; 95 percent confidence interval, 0.86 to 9.74;
P=0.08).

The cumulative 18-month death rate was 5.0
percent for infants infected with both viruses at 18
months (as compared with 0 percent for those with
HIV-1 infection alone), and this difference increased
with age (27.5 percent vs. 0 percent mortality at
3 years and 30 percent vs. 9.4 percent mortality at
4 years, P=0.06 for overall incidence).

Immunologic Measures and CMV Infection

The effect of CMV infection on the immune sys-
tem was evaluated, with CMYV status modeled as a
time-dependent covariate with children classified ac-
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TABLE 1. CDC Crass C SYMPTOMS AND DEATHS
IN THE FIRST 18 MONTHS OF LIFE AMONG
HIV-1-INFECTED CHILDREN ACCORDING TO
THEIR CMV STATUS.

CMV Status
VARIABLE AT 18 Mo
POSITIVE ~ NEGATIVE
(N=40) (N=23)
CDC class C symptom
Wasting syndrome 2 1
Loss of developmental milestones or 8 2

intellectual ability

Impaired brain growth 5 0

Progressive symmetric motor deficits 11 2

Pneumocystis carinii pneumonia 6 1

Candidiasis (esophageal, tracheal, 5 0
bronchial, or pulmonary)

Mycobacterial infection (noncutaneous, 3 0
extrapulmonary, or disseminated)

CMV disease* 3 0

Two or more serious bacterial infections 2 0

Any of the above 20 5

Death 3t 0

*CMV disease consisted of one case of disseminated CMV
disease, one case of CMV colitis, and one case of CMV of
the lung.

1One infant did not have CDC class C symptoms, one had
progressive symmetric motor deficits and disseminated CMV
disease, and one had loss of developmental milestones or in-
tellectual ability, impaired brain growth, progressive symmet-
ric motor deficits, and candidiasis.

cording to their CMYV status at each age tested (Fig.
3). As expected, both CD4 counts and CD4 per-
centages were lower in HIV-l-infected infants.
Children infected with both viruses had significantly
lower mean CD4 counts at 15 months of age (Fig.
3A) and lower CD4 percentages at 1, 3, and 15
months of age than those infected with HIV-1 alone
(data not shown).* Among HIV-1-uninfected in-
fants, the mean CD4 percentages were also lower for
those infected with CMV at the ages of three and
nine months. The mean CD8 count was significantly
higher in infants infected with both viruses at 1, 9,
30, 42, and 54 months of age (Fig. 3B), and the
CD8 percentage was higher at 1 month and at all
times measured over 9 months of age.* Among
HIV-1-uninfected infants, the mean CD8 percent-
age was significantly higher at most ages for those
with CMV, and the mean CD8 count was higher at
3,9,15, 21, and 54 months of age.

Serum HIV-1 RNA Levels, CMV Infection, and Progression
of HIV-1 Disease

HIV-1 RNA levels were also examined according to
age and HIV-1 disease progression by one year of age,

*See NAPS document no. 05524 for 8 pages of supplementary material.
To order, contact NAPS, ¢/o Microfiche Publications, 248 Hempstead
Tpke., West Hempstead, NY 11552.
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Figure 3. Longitudinal Changes in Mean CD4 Counts (Panel A)
and CD8 Counts (Panel B) According to HIV-1 Status, Age, and
CMV Status (as a Time-Dependent Covariate).

Children were classified according to CMV status at the time of
each lymphocyte measurement. The trend lines represent the
model-based means, with 95 percent confidence intervals.
Children infected with both HIV-1 and CMV had lower mean
CD4 counts at 15 months of age (P=0.008) than those infected
only with HIV-1 (Panel A). Coinfected children had significantly
higher mean CD8 counts at 1, 9, 30, 42, and 54 months of age
(P<0.001, P=0.03, P=0.04, P=0.008, and P=0.002, respectively)
than those infected only with HIV-1 (Panel B). Among the
HIV-1-uninfected children, those with CMV infection had sig-
nificantly higher mean CD8 counts at 3, 9, 15, 21, and 54
months of age (P=0.003, P<0.001, P=0.03, P=0.05 and
P=0.04, respectively) than those without CMV infection.

with CMYV status again modeled as a time-depend-
ent covariate, as for lymphocytes. Mean levels were not
significantly different in CMV-infected and CMV-
uninfected children. Among CMV-uninfected chil-
dren, those with rapid progression of HIV-1 disease
had higher mean levels of HIV-1 RNA at all ages than
those with slower or no progression. Among CMV-
infected children, there were no significant differenc-
es in HIV-1 RNA levels between those with rapid
progression of disease and those with slower progres-
sion, except for children 24 months of age (Fig. 4).
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Figure 4. Longitudinal Changes in Mean HIV-1 RNA Levels According to HIV-1 Disease-Progression Status, Age, and CMV Status

(as a Time-Dependent Covariate).

Children were classified according to CMV status at the time of each HIV-1 RNA measurement. The trend lines represent the model-
based means and 95 percent confidence intervals. Among CMV-uninfected children (Panel A), those with rapid progression of HIV-1
disease (29 children) had significantly higher mean levels of HIV-1 RNA than those with slower or no progression (37 children) at all
ages (P=0.004, P=0.002, P=0.04, P=0.002, P=0.007, P=0.006, and P=0.08 at ages 6, 12, 18, 24, 30, 36, and 42 months, respectively).
Among CMV-infected children (Panel B), there were no significant differences in HIV-1 RNA levels between those with rapid pro-
gression and those with slower or no progression of disease, except for children 24 months of age (P<0.001). Numbers above and

below the bars indicate numbers of children.

Characteristics of the Mothers of CMV-Positive
and CMV-Negative Children

The mean maternal age, rate of CMV seropositiv-
ity, rate of CMV viruria, rate of pregnancy compli-
cations (bleeding or prolonged [>24 hr] rupture of
membranes), and the gestational age of the infant
were similar in mothers of infants with and without
congenital CMV infection. However, in comparison
with mothers of CMV-uninfected infants, mothers
of infants infected with CMV by six months of age
had significantly lower mean CD4 counts (371 vs.
507 cells per cubic millimeter, P=0.003), CD4 per-
centages (20.8 percent vs. 28.5 percent of lympho-
cytes, P<<0.001), and CD19-CD20 counts (129 vs.
172 cells per cubic millimeter, P=0.04). They also
had marginally higher rates of CMV viruria (16.7
percent vs. 5.6 percent, P=0.06) and CMV seroposi-
tivity (100 percent vs. 90.5 percent, P=0.09) and
lower rates of bleeding or prolonged rupture of mem-
branes (P=0.02). These differences were not ob-
served among mothers of HIV-1-negative infants.

Infants of Unknown CMV Status at 18 Months

Of the 93 HIV-1-infected infants, 30 were of un-
known CMV status at 18 months. Six of the 30 chil-
dren died before CMV studies had been performed,
and 5 others were lost to follow-up before 18 months
of age. Two children who died had negative CMV
results more than six months before death and were

classified as having unknown CMYV status at the time
of death. Finally, eight children had no CMV tests
before 18 months, and for nine children the timing
of CMV studies was such that their CMV status at
18 months of age could not be determined.

DISCUSSION

This cohort-based, prospective study of CMV in-
fection in the offspring of HIV-1-infected mothers
has several notable findings. Although the rate of in
utero CMV infection (4.5 percent) was higher than
in most non-HIV-1-infected populations, it was not
significantly different between HIV-1-infected and
HIV-1-uninfected infants. In contrast, perinatal and
postnatal CMV infection was strikingly more com-
mon among HIV-1-infected infants. Moreover, in-
fants with early CMV infection appeared to have
more rapid progression of HIV-1 disease. More than
half of infants with both infections had an AIDS-
defining condition or died by 18 months of age.
Most of the AIDS-defining conditions in infants with
both infections were not due to CMV infection itself,
but they did include substantial central nervous sys-
tem involvement, particularly impaired brain growth
and progressive motor deficits. The mechanism by
which dual infection with CMV and HIV-1 led to
these changes was not clear, but it appeared to be
something other than an increase in the plasma
HIV-1 RNA level.
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Since early in the AIDS epidemic, CMV has been
implicated as a cofactor in the progression of HIV-1
discase and the pathogenesis of AIDS.115 Although
Webster et al.1415 reported that CMV-positive pa-
tients were more likely to have CDC class IV disease
than CMV-negative patients, it has been difficult to
show a simple correlation in adults between CMV in-
fection and rapid progression of HIV-1 disease,?11.12.24
largely because CMV infection is virtually universal
in HIV-1-infected adults. However, studies of chil-
dren and more recent quantitative analyses of CMV
infection and CMYV viremia in both children and
adults have shown a correlation between CMV infec-
tion and an advanced stage of HIV-1 disease.6-25-32
Reports of simultancous infection with HIV-1 and
CMYV among adult patients in whom rapidly pro-
gressive disease developed may, in fact, be analogous
to the findings reported here.33-36

CMYV and HIV-1 can infect the same cells, and
the cellular proteins and viral gene products of each
virus can activate the other virus in vitro.2%13.37-39 Oth-
er possible mechanisms of enhancement of HIV-1
infection by CMV include enhanced expression of
Fc receptors, facilitating infection with HIV-1 in com-
plex with immunoglobulin; activation of monocytes
and T cells; and up-regulation of genes for cyto-
kines and cellular factors, even in abortively infected
cells.#0-42 Since both viruses are immunosuppressive,
they may act additively or synergistically to accelerate
disease progression.*3#+

The most striking finding of this study was the
frequency of progressive neurologic disease in in-
tants with combined HIV-1 and CMYV infection. Al-
though the mechanism of this effect was not eluci-
dated in this study, it is interesting that cytomegalic
inclusion disease in otherwise normal infants is char-
acterized by impaired brain growth (microcephaly)
and progressive motor deficits, as seen here.#s It is
possible that CMV in dually infected infants causes
damage in the same areas as in cytomegalic inclu-
sion disease. HIV-1 and CMV may infect the same
cells in the brain and retina.’7384647 CMV has been
detected in brain endothelial cells, macrophages, and
astrocytes both in vitro and at autopsy,* whereas
HIV-1 has been detected primarily in microglia and
macrophages. Microglial nodules are found in patients
with AIDS and those with CMV central nervous
system disease. 4849

There was a positive association between mean
HIV-1 RNA levels and disease progression in infants
who were infected only with HIV-1, but not in in-
fants who were infected with both HIV-1 and CMV.
This implies that coinfection accelerates disease pro-
gression not by enhancing overall HIV-1 replication,
but by other mechanisms, such as increased immu-
nosuppression, combined effects of HIV-1 and CMV
on local replication, combined pathologic effects of
two independent viral infections, or exaggerated im-

82 - July 8, 1999

munopathologic effects or tissue damage due to sol-
uble mediators.

Although the 4.5 percent rate of in utero CMV
infection in this cohort was higher than the overall
rates of 0.2 to 2.2 percent for the general population,
it was similar to that in a recently described Brazilian
cohort, but lower than the 21 percent rate recently
reported in another U.S. cohort.5%:5! Perhaps as a re-
flection of the high seroprevalence of CMV in our
maternal cohort, no infant had typical cytomegalic
inclusion disease. HIV-1-uninfected infants had a
cumulative rate of CMV infection of 15.3 percent at
six months of age; most of these infections were
probably acquired perinatally in these formula-fed
infants. In contrast, the rate of CMV infection in the
HIV-1-infected group at six months of age was 39.9
percent. This increase in the infection rate could be
caused by higher levels of cervical CMV shedding
in women who transmitted HIV-1 to their infants at
birth. Positive cervical CMV cultures have been shown
to be correlated with perinatal CMV infection,?? but
we did not perform cervical CMV cultures. CMV
infection rates in the HIV-1-infected group contin-
ued to climb rapidly over the next 12 months. It is
possible that the mothers who transmitted HIV-1 to
their infants had more advanced immunodeficiency
and shed more CMV in the saliva or urine than the
mothers who did not transmit HIV-1. Alternatively,
HIV-1-infected infants may have been more suscep-
tible to horizontal CMV infection.

Our results strongly imply that any attempts to
prevent CMV infection in the offspring of HIV-1-
infected women will have to target the perinatal pe-
riod and the first 18 months of life. By six months
of age, 13 infants were already coinfected with CMV,
and in 8 of them the disease later became rapidly pro-
gressive. Early coinfection may also be important in
developing countries, where both viruses may be
transmitted at the same time in breast milk. Potential
preventive strategies include early prophylaxis with
anti-CMV drugs, the administration of high doses of
hyperimmune CMYV antibody, and vaccination.

In conclusion, HIV-1-infected and HIV-1-unin-
fected infants had similar rates of in utero CMV in-
fection, but HIV-1—infected infants had higher rates
of CMV infection acquired perinatally or during the
first four years of life. CMV coinfection was signifi-
cantly correlated with rapid progression of HIV-1 dis-
ease and with devastating early central nervous system
disease in some HIV-l1-infected infants. Strategies
for the prevention of CMV infection in these high-
risk infants should be the focus of future research.
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