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Introduction

Sub-Saharan Africa (SSA) is disproportionately affected by infectious diseases. The World
Health Organization (WHO) has reported that two thirds of people living with HIV are in
SSA (1). Similarly, there is increased prevalence of tuberculosis, malaria, and other
communicable diseases, as well as higher incidence of infection-related cancers. The
incidence of infectious disease associates with significantly higher mortality in comparison
to developed regions (2-4). The public health impact of infectious diseases in SSA highlights
the need for a more rational appreciation of vaccine designs with potential to reduce the
regional disease burden. One important issue with vaccine design is the selection of suitable
vector for the delivery of the vaccine, especially for infants in SSA, where effective
childhood vaccinations could decrease disease incidence.

One promising investigational vaccine platform is Adenovirus (Ad). Adenoviruses are large
double stranded DNA viruses that, through deletion of genetic content and propagation to
high titers, can be used as gene-delivery tools or vaccine vectors (5). Historically, Ad
vaccines and vectors were replication competent and thus had some risk of causing an
Adenoviral infection (6, 7). Modern Ad constructs are typically replication incompetent or
produce single-cycle infections where no new Ad particles are produced but an inserted
transgene of interest is efficiently expressed (8). These recombinant Ads have been used
developmentally as vectors in many Phase 1 and 2 vaccine safety trials against a diverse
cadre of pathogens, including Zika virus, HIV, influenza, and Ebola; however, safety and
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efficacy have only been demonstrated for non-recombinant vaccines used by the US military
against Ad types 4 and 7 (9-16). Adenoviral vaccination typically produces a strong
adaptive, Ad serotype-specific immune response (12, 17). The prevalence of pre-vaccination
adenovirus-specific immunity needs to be considered when predicting potential efficacy for
vaccination in infants and young children. For example, Adenovirus type 5 (Ad5) is
commonly used in pre-clinical research and has been tested in human vaccine trials.
Unfortunately, Ad5 has high worldwide seroprevalence suggesting that gene-delivery
strategies based on that subtype could suffer from decreased effectiveness due to pre-
existing neutralizing antibody (nAb) responses to the vector (18, 19). Consistent with this
concept, the HIV-1 STEP trial, which utilized an Ad5 backbone to deliver the genes for
HIV-1 gag, pol, and nefproteins as potential immunogens, was prematurely discontinued
when a correlation was observed between pre-existing Ad5 immunity and new HIV-1
infections (20). However, data from non-HIV targeted Ad vaccine efforts, as well as studies
using other viral vector systems, such as measles or dengue, have demonstrated preclinical
and clinical efficacy in the face of pre-existing neutralizing responses (21-24). Thus, the
impact of pre-existing Ad nAb on increased infection may be a unique function of HIV
biology since it has not been consistently reported by other groups utilizing various vaccine
targets delivered by Ad vectors (24).

There are currently more than 60 serotypes of circulating Ads, separated into 7 subspecies,
A-G, with varying geographical prevalence (25). Adenoviruses are categorized based on
infection-associated conditions, serology, propensity to cause tumors in rodents, and genome
sequence. Here, we focus on the humoral immune responses to Ads from subgroups B, C, D
and E. Adenovirus type D is the largest of the subspecies and most newly discovered Ads fit
into this category, yet most research has been performed on types B, C, and E (26, 27).
Subspecies B, C, and E adenoviruses are typically associated with acute respiratory
infections and conjunctivitis which can cause serious disease in immunocompromised
individuals (28, 29). However, very little is known about the adenoviral serotypes that are
commonly found in Africa, and a better understanding of the existing immune response
against adenovirus is important for the designing of vaccine which can be used in the setting.
We have included four different type D viruses, Ad26, Ad28, Ad45 and Ad48, to expand on
the limited knowledge of this subgroup. These adenovirus subspecies typically associate
with respiratory diseases and conjunctivitis in humans and are likely responsible for many of
the respiratory infections found in Africa and elsewhere (28, 30).

In the current study, we characterized the humoral immune response against seven different
adenovirus serotypes in two Zambian cohorts consisting of mother-infant pairs collected at
different time points. Many of the mothers were also HIV-1 infected. Investigation of
immune responses in these cohorts will not only provide important information on the
circulating adenoviral serotypes and the humoral immune response against adenovirus in the
Zambian population, but also provide a better understanding of the pre-existing mother to
infant transmission of anti-adenovirus antibodies, and the impact of untreated and treated
HIV-1 infection on immune responses to adenoviral infections. Moreover, with the
longitudinal infant follow-up specimens, we investigated the decay kinetics of maternal
neutralizing antibodies (nAb) in infants and characterized the nadir of Ad seroreactivity
prior to de novo response in those same infants. This information could form the foundation
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for rational selection of adenoviral gene delivery platforms for prophylactic or therapeutic
application.

Our results suggest that in Zambian adults, pre-existing humoral immunity exists against all
7 Ads tested and is efficiently transferred to newborns. However, due to maternal Ab decay
in infants, any of the 7 Ad types could function as vaccine vectors between 12-24 months of
age, thereby defining the “‘window of opportunity’ for use of Ad vectors for vaccination of
children in this setting.

Materials and Methods

Cohort description and sampling

There were two cohorts that were analyzed. The first cohort samples were collected between
1998 and 2003 in the pre-ART era as part of a prospective study investigating the effects of
HIV-1 and KSHV infection among Zambian mothers and their infants at the University
Teaching Hospital and the University of Zambia School of Medicine, Lusaka, Zambia.
Written informed consent was obtained from all participants. Blood samples were collected
by venipuncture and blood was collected in acid citrate dextrose tubes and processed within
6 hours of being drawn. Samples were frozen at —80°C and shipped to the University of
Nebraska-Lincoln for long-term storage. Protocols were reviewed and approved by the
Institutional Review Boards at the University Teaching Hospital and the University of
Nebraska-Lincoln.

The second cohort samples were collected between 2010 and 2013 when ART had become
available in Zambia, and they were collected as part of an observational study investigating
the effect of ART on KSHYV transmission. Women with infants under the age of 12 months
were enrolled into this study to examine the determinants of KSHV seroconversion. This
study was approved by the Institutional Review Board of the University of Nebraska-Lincoln
and the University of Zambia Biomedical Research Ethics Committee. From these cohorts, a
subset of 63 mother-infant pairs (MIPs) were selected based on either mother HIV-1
infection status or ART treatment status. MIPs were also selected based on infant follow-up
sample availability for nAb testing.

Recombinant Adenovirus Construction

All Ad constructs contain a green fluorescent protein-luciferase (GFP-Luc) fusion gene
under a CMV promoter within either the £3gene or between £14 and £1B. The
recombinant Adenovirus types 4 and 7 contain a GFPLuc reporter expression cassette in the
E3gene and were constructed as described in Weaver, 2014 (31). Recombinant Adenovirus
types 26, 28, and 48 construction was described in Weaver and Barry, 2013 (9).
Recombinant adenovirus type 45 was produced as previously described (31). The
recombinant Ad5-855 virus was constructed as described in [PMID: 10846098].

Recombinant Adenovirus Purification.

The recombinant adenovirus genomes containing the GFP-Luc insert were linearized and
buffer exchanged using a Strataprep PCR purification kit (Agilent Technologies). The
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linearized recombinant gDNA was transfected into HEK293T cells using the PolyFect
Transfection Reagent (Qiagen). Virus infection was indicated via plaque formation, at which
time cells were harvested and infectious progeny virus was released by 3 freeze-thaw cycles.
The recombinant Ad was amplified by sequential passages in HEK293T cells prior to final
amplification in a Corning 10-cell stack (~6300 cm?). Amplified virus was purified by two
sequential CsCl ultracentrifuge gradients and desalted using Econo-Pac 10DG desalting
columns (Bio-Rad). The virus particle quantity was determined by absorption at 260 nm on
a NanoDrop Lite Spectrophotometer (Thermo Fisher). Virus aliquots were stored at —80°C
in Ad-tris buffer (20 mM Tris-HCI, 100 mM NaCl2, 1 mM MgCI2+6H20, 10% glycerol).
HEK?293T cells were grown in Dulbecco's modified Eagle's medium supplemented with
10% heat inactivated FBS and 1% penicillin-streptomycin at 37°C and 5% supplemented
Co2.

Adenovirus Neutralization Assay

Adenovirus-specific nAb activity was quantified by a reduction in luciferase activity. Briefly,
maternal or infant sera were heat inactivated at 56°C for 60 minutes. Next, 20 uL of serum
was added to 380pL of DMEM containing 1.2 x 10° viral particles for a final volume of
400uL, resulting in a final serum dilution of 1:20. The serum/virus mixture was incubated at
37°C for 60 min. 100uL was then added to 50pL of DMEM containing 1 x 10° 293T cells
per well in triplicate in a 96 well plate and allowed to incubate for 24 hours. The luciferase
activity was determined using the reporter lysis 5X buffer and luciferase assay reagent
(LAR) system (Promega, Madison, WI). 40uL of reporter lysis 5X buffer was added and
allowed to incubate at room temperature for 20 min. Neutralization was defined as percent
of virus only luciferase readout, which was then subtracted from 100%. We have defined
neutralization as >90%, mild neutralization as 70-90% and non-neutralizing as <70%.

Statistical Analysis

Results

Statistical analyses were conducted using GraphPad Prism 7 software. Non-parametric
Mann-Whitney tests were used to determine statistical significance. P values < 0.05 were
considered statistically significant.

Maternal Neutralizing Antibodies Against Subgroups B, C, E and D Adenoviruses

Adenovirus seroprevalence has not been evaluated in Zambian maternal-infant pairs (MIPs);
therefore, the impact of HIV-1 infection, and its treatment with ART, on a) maternal nAb
production, b) transfer of nAb to newborns, c) the decay of maternal Ab in neonates, and d)
the development of infant de novo nAb responses, is incompletely understood. In order to
estimate the seroprevalence of adenoviruses in Zambia, we tested 42 women in a pre-ART
cohort and 25 women in a post-ART cohort for nAb against recombinant Ad7 (Group B),
Ad5 (Group C) and Ad4 (Group E) containing a GFPLuc reporter. Comparison of responses
in the two temporally distinct cohorts allowed for evaluation of the change in breadth and
magnitude of Ad nAb coincident with ART implementation in the region.
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Other groups have defined neutralization with thresholds from 50% up to 90% (25, 32-35).
We conservatively defined neutralization as = 90% mean neutralization for n=3 replicates.
The number of women who neutralized Ad5 was not significantly different between the pre-
and post-ART maternal cohorts, 93% and 88% respectively. The majority of women in the
pre-ART cohort (52%) had neutralizing activity exceeding 90% against Ad4 and Ad7.
However, only 28% of women in the post-ART cohort exhibited nAb responses against those
types. (Figure 1).

Since species D adenoviruses were reported to be frequently isolated from
immunosuppressed subjects and those with keratoconjunctivitis (36), and because this group
was shown to have lower seroprevalence than Ads B, C, and E in other geographical regions,
we tested for seroreactivity against four Group D Ads: Ad26, Ad28, Ad45 and Ad48 (26,
27). Given that these four Ads are members of the same Ad group, we anticipated levels of
nAb to be similar in adults. Consistent with this concept, the majority of women in both the
pre- and post-ART cohort did neutralize Ad26, Ad28 and Ad45 (Figure 1). The exception
was Ad48 where less than 25% had detectable nAb (= 90%), irrespective of the cohort.

Transfer of Maternal nAb and the Impact of HIV Infection in the pre-ART Cohort

To evaluate patterns of maternal pre- and perinatally nAb transfer to infants, the percent
neutralization for each adenovirus was quantified in sera collected from infants in 6-month
intervals starting on the day of birth. The MIPs in the pre-ART cohort were recruited
between 1998 and 2003, a time when Zambian women did not readily have access to ART
treatment. Comparisons of the median nAb responses against each Ad subtype are shown in
Figure 2A-B. Median infant nAb responses were significantly lower than maternal against
Ad4, Ad7, Ad26 and Ad28. In contrast, similar maternal and infant neutralizing responses
were detected against Ad5 and Ad45. The median neutralization activity in infants against
Ad5 and Ad45 was 99% and 99%, respectively. Because 4 of 28 maternal sera enhanced
infection, median neutralizing activity against Ad48 was not significantly different between
mothers and infants. These findings suggest that pre-existing immunity could lower the
effectiveness of a vaccine vectored with Ad5 or Ad45 if administered on the day of birth.

The pre-ART cohort was divided into two groups based on the HIV-1 status of the mothers,
while the infants, irrespective of their infection status, were correspondingly grouped with
their mothers. No significant difference was seen in overall maternal nAb activity between
HIV-1 infected and uninfected women (S1). Table 1 shows that maternal HIV-1 infection
significantly reduced transplacental transfer of Ad nAb only for subtypes Ad7 and Ad26.

Transfer of Maternal Neutralizing Antibodies and Impact of ART Treatment in post-ART

Cohort

In the post-ART cohort, infants received significantly less maternal nAb against all 7 tested
adenoviruses compared to the median values from the pre-ART cohort (Figure 3A-B). The
highest median neutralization in infants was against Ad5 at 93%, a value significantly lower
than that from the pre-ART cohort (99%), but above the neutralization threshold. Median
infant neutralizing activity against all other adenoviruses was below 90%, and is therefore
non-neutralizing or lacking in pre-existing immunity.
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To investigate whether or not ART treatment impacted the extent of nAb transfer to infants,
the post-ART cohort was separated into ART-treated and -untreated mothers along with their
corresponding infants. HIV-1 treated and untreated women showed no significance in overall
maternal nAb activity (S1). Differential perinatal transfer was only evident for Ad5 nAb.
This finding suggests that the overall decrease in Ad nAb in post-ART infants was not
associated with ART-mediated maternal immune reconstitution (Table 2).

Transfer of nAb between Mothers and Infants Coincident with ART Rollout

To quantify the differentials in maternal nAb transfer to infants between the pre- and post-
ART cohorts, we calculated the median ratios of infant to mother neutralization after
conversion of those ratios as a percentage. We found that transferred nAb against all Ads,
excepting Ad48, was significantly reduced in post-ART cohort infants (Figure 4). Ad48 also
showed lower nAb, but the difference was not significant. Since only modest variation in
maternal Ad4 and Ad7 neutralization was detected in response to HIV-1 infection or its
treatment, this data suggests that neither variable altered the extent of nAb transferred to
infants.

Degradation of Neutralizing Antibodies Over Time

In order to determine whether an optimal age for Ad-vectored infant vaccination might exist,
and which Ad subtype(s) platform would be most efficacious, we quantified infant Ad nAb
over time. Starting form from initial levels near those of the maternal donor, infant nAb
levels decreased starting at 6 months after birth (Figure 5A-B). All groups demonstrated a
median neutralization below 70% at 12 months regardless of cohort or Ad. In both the pre-
and post-ART cohorts, the highest median neutralization was against Ad5 at 68.6% and
52.5% respectively. The lowest median nAb response was seen against Ad48 (26.1%) in the
pre-ART cohort and against Ad4 (8.5%) in the post-ART cohort.

In the pre-ART cohort, we were able to follow the nAb response against Ad4, Ad5, and Ad7
out to 36 months. The downward Ad nAb trend that starts at 6 months continued until 24
months of age, but began to trend upwards at 36 months presumably in response to de novo
infections. This indicates that the infant population would be considered naive and receptive
to Ad vectored vaccines using any of the 7 adenoviruses.

Discussion

The WHO reports nearly 90% of the world’s malaria infections, nearly 25% of TB cases,
and 70% of HIV cases are located in Africa (2-4). Many of the diseases that are prominent in
the region either have no vaccine available or are of very low efficacy, high-cost or with
cold-chain dependent options that need improvement. Children in SSA, and elsewhere, are
often exposed to infectious diseases at a young age, which makes infant vaccination crucial
for effective disease control and child well-being and development. Indeed, our lab and
others have demonstrated that seroconversion to Kaposi’s Sarcoma Herpesvirus (KSHV)
occurs in sub-Saharan infants at levels near the adult prevalence by 4 years of age (37, 38).
Using adenoviruses as a vaccine vector has been shown to elicit strong T and B cell
responses to inserted transgenes and could also confer immunity to the Ad used as the
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backbone, thereby decreasing the burden of adenovirus associated diseases in young
children. Adenoviruses are relatively easy to manipulate and can be designed to be
replication deficient where only the inserted transgene will be expressed in infected cells.
Unlike many vaccine platforms, Ad based vaccines would not require cold storage. In
combination with the fact that they can be grown to high titers in vitro at relatively low cost,
this makes Adenovirus an ideal vector for vaccines that could realistically be implemented
on a large scale in Africa (12, 25).

While Adenoviruses have been studied for over 20 years for their use as a vaccine and gene
therapy, it has been suggested that pre-exposure can lead to decreased efficacy of the vector
(14, 19, 20, 39). For this reason, we investigated the seroreactivity profile of Ad within
Zambia to establish a targeted approach for future vaccine strategies in this region of SSA.
Other groups previously investigated neutralization against several of these Ads in sub-
Saharan adults, but the results have been variable, and were not conducted longitudinally in
children, the most likely recipients of vaccinations. In 2007, Abbink et a/. reported
seroreactivity to Ad5, Ad26, and Ad48 in SSA at 100%, 21% and 3%, respectively (25).
However, in 2011, Barouch et al. reported the South African adult Ad5, Ad26, and Ad48
seroprevalence to be 87.9-89.5%, 43.1-53.2%, and 13.3-24.6%, respectively (33). Our
results are in agreement with these reports for some Ad subtypes whereas for others, the
responses in our cohorts are distinct from than those cited above. For example, while the
median nAb responses to Ad 48 were also the lowest in both our cohorts, the magnitude of
the response was 3-20 fold higher than the studies cited above, at 64% and 65.3%
neutralization, respectively. In addition, low-level neutralization was readily detected in
infants born to these mothers, whereas previous studies suggested that little Ad nAb was
detected in young children (33). Nevertheless, the discrepant results could be a function of
changes or differences in circulating Ad genotypes/serotypes in the region over time, or
differences in experimental methods used for quantifying neutralization. For example, we
see a decrease in maternal nAb responses against Ad4 and Ad7 between the pre- and post-
ART cohorts which appears to correlate to a decrease in nAb transfer. This, however, does
not explain the significant decrease in nAb transfer in the post-ART cohort against Ad5,
Ad26, Ad28 or Ad45. The basis of methodological differences is also unclear since other
studies quantified neutralizing responses by serial dilution but were unable to detect nAb at a
1:2 dilution, whereas we readily detected =290% neutralization at a 1:30 dilution of plasma.

Two other studies have investigated Ad5 seroprevalence in both HIV-1 positive and negative
adult populations. Both reported no significant difference in Ad nAb between infected and
uninfected populations (40, 41). These data suggest two possibilities. The first, and less
likely, is that development of Ad nAb responses are not impacted by alterations to the CD4
T cell compartment since T cell depletion induced by HIV-1 infection did not diminish the
neutralizing response. Alternatively, and perhaps more likely, the timing of infant de novo
anti-adenoviral responses in our study suggests environmental exposure to adenoviral
infection early in life, long before initiation of sexual activity. Thus, nAb responses had time
to develop and mature immunological memory that likely is independent of CD4 T cell help
in anamnestic responses. This second interpretation is supported by the lack of any
statistically significant differential in Ad nAb responses in the mothers in our cohort as a
result of ART treatment (i.e. CD4 T cell reconstitution).
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Our study is the first to longitudinally quantify the prevalence of nAb against a subset of Ads
in infants starting at date-of-birth (DOB). This is a timepoint where nAbs are most likely
derived prenatal transfer of maternal nAb. In the pre-ART cohort infants, we found
significantly decreased nAb against Ad4, Ad7, Ad26, and Ad28, in comparison to the
cognate mothers suggesting inefficient transfer or perhaps insufficient titer in the mothers
despite high % neutralization. In contrast, the infant DOB nAb levels to Ad5 and Ad45
approached adult levels, implying efficient transplacental transfer, whereas Ad48 nAb in
infants was below 90%. In the post-ART cohort, transfer of nAb against the investigated Ads
was decreased. Of note, the median DOB percent neutralization of Ad5 was still high at
93%, in contradiction to reports suggesting that infants lacked nAb against Ad5 (33).

A unique aspect of our study was the three-year follow-up of infants that allowed us to
quantify the decay of maternally transferred nAb and to identify the timing of potential de
novo responses to Ad infection. In both cohorts, median neutralization levels against all
seven Ads was significantly lower by 12 months of age than at 0 months, and well below
both the 90% and 70% threshold. Adenoviral infection and the resultant de novo humoral
responses would explain the increases in infant nAb at 36 months seen against Ad4 and Ad5,
this is consistent with post-weaning exposure to fecal-oral pathogens through solid food and
increased social interactions. This study is the first to address the kinetics of nAb decay in
infants where we potentially also identify exposure to the various Ads. Our findings
implicate the existence of a window, between 12 and 24 months of age, that would support
vaccination against regionally important pathogens without concern for pre-existing
immunity.

In this study, the changes in adult seroreactivity to seven different Adenoviruses as well as
the decay of nAb in children were examined in order to establish a timeline for vaccination
in Zambia. We found that none of the seven Ads should be used in adults without pre-
existing immunity being a major consideration as most adults neutralized the virus. In
contrast, children have a window for vaccination between 12 and 24 months of age where
maternally transferred antibodies decrease, and de novo infection has not yet occurred. All
seven of the investigated Ads would work for this purpose since all showed low
seroreactivity; but Ad4 and Ad7 are the most promising candidates as they had the lowest
seroprevalence in the post-ART infants, and have already been tested for efficacy against
adult Ad4 and Ad7 diseases in the United States military.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Neutralization profile of adult women in Zambia, Africa against Ad4, Ad5, Ad7, Ad26,
Ad28 Ad45 and Ad48.

42 serum samples from the pre-ART cohort and 25 samples from the post-ART cohort were
evaluated for neutralizing activity against Ad4, Ad5, Ad7, Ad26, Ad28, Ad45, and Ad48 at a
1:30 sera dilution by luciferase-based neutralization assay. Luciferase inhibition indicates
viral neutralization by sera. Each sample was placed into one of three categories based on
neutralization percentage compared to virus only samples: >90%, 90-70% or <70% which
equates to highly neutralizing, mildly neutralizing, or non-neutralizing, respectively.

Vaccine. Author manuscript; available in PMC 2020 August 23.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Privatt et al. Page 13

c
.‘9‘ 120 = e . e e
g 100 - — I i I { k i
s - L. .
3 80-
= .
= 604
8
5 40-
[
E 20 -
2 o
= M1 M oM 1M 1M 1M Ml
Add AdS Ad7 Ad26 Ad28 A4S Ad48
1:': 1004 [ <70% Neutralization
2 75 3 90-70% Neutralization
S -
© Bl >90% Neutralization
5
Q50
5
o 25+
(]
o
0 -

Ad4 Ad5 Ad7 Ad26 Ad28 Ad45 Ad48

Figure 2. Mother to Infant transfer of neutralizing antibodies in pre-ART cohort.
A. Mother to infant nAb transfer in the pre-ART cohort. Neutralizing antibody transfer

was evaluated by a comparison of total medians of percent neutralization between mother
and infant pairs on day of birth. Statistical significance was determined by non-parametric
Mann-Whitney tests. B. Infant neutralization profile in the pre-ART cohort. Each infant
sample was placed into one of three categories based on neutralization percentage compared
to virus only samples: >90%, 90-70% or <70% which equates to highly neutralizing, mildly
neutralizing, or non-neutralizing, respectively. (* P < 0.05, ** P <0.01, *** P < 0.001, ****
P <0.0001)
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Figure 3. Mother to Infant transfer of neutralizing antibodies in post-ART cohort.
A. Mother to infant nAb transfer in post-ART cohort. Neutralizing antibody transfer was

evaluated by a comparison of total medians of neutralization between mother and infant
pairs on day of enrollment (ENR) in the study. Infant ENR timepoint includes infants
between 0-3 months of age. Statistical significance was determined by non-parametric
Mann-Whitney tests. B. nAb profile of post-ART cohort infants. Each infant sample was
placed into one of three categories based on neutralization percentage compared to virus
only samples: >90%, 90-70% or <70% which equates to highly neutralizing, mildly
neutralizing, or non-neutralizing, respectively. (* P < 0.05, *** P < 0.001, **** P < 0.0001)
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Figure 4. Maternal to Infant nAb Transfer in pre-ART (1) and post-ART (2) cohorts.
An analysis of the change in nAbs transferred to infants over time was done by comparing

the fold change between the pre-ART and post-ART cohorts. Fold change was calculated by
dividing the infant neutralization percentage by that of the corresponding mother
neutralization percentage. The medians are shown and Mann-Whitney tests were used to
analyze statistical significance. (* P < 0.05, *** P < 0.001, **** P < 0.0001)
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Figure 5. Neutralizing antibody decay over time in Zambian infants.
Decay in neutralizing antibodies was evaluated at 0, 6, 12, 24 and 36 months for Ad4, Ad5,

and Ad7 in the pre-ART cohort (A). Only the 12 month time point was analyzed for the pre-
ART (A) for Ad26, Ad28, Ad45 and Ad48 and all Ads for the post-ART cohort (B) due to
sampling limitations. Significant change in average neutralization was evaluated as a
comparison to 0 months or enroliment (ENR) by Mann-Whitney analysis. (* P < 0.05, ** P
<0.01, *** P <0.001, **** P < 0.0001)
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Table 1.
Impact of maternal HIV infection on passive transfer of nAb on day of birth.

For each MIP, the percent neutralization of the infant was divided by that of the cognate mother. The average
of those ratios is reported for HIV-1 negative mothers (Column 2) versus positive (Column 3). Differences in
the average of ratios based on HIV-1 status was statistically evaluated using non-parametric Mann-Whitney
tests. A significant difference based on HIV-1 infection status was evident against Ad7 and Ad26.

Adenovirus | HIV- | HIV+ | Significance | P-Value
Ad4 0.86 0.96 ns 0.230
Ad5 1.00 1.00 ns 0.914
Ad7 0.95 0.87 * 0.048
Ad26 0.96 0.91 * 0.039
Ad28 0.94 0.94 ns 0.907
Ad45 1.00 0.99 ns 0.995
Ad48 0.63 0.71 ns 0.658
*P <0.05
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Table 2.
Effect of maternal ART treatment on transfer of nAb from mother to infant.

For each MIP, the percent neutralization of the infant was divided by that of the cognate mother. The average
of those ratios is reported for ART positive mothers (Column 2) versus negative (Column 3). Differences in
the average of ratios based on treatment status was statistically evaluated using non-parametric Mann-Whitney
tests. A significant difference based on ART treatment status was evident only against Adb.

Adenovirus | ART+ | ART- | Significance | P-Value
Ad4 0.47 0.45 ns 0.799
Ad5 0.97 0.80 * 0.021
Ad7 0.79 0.72 ns 0.903
Ad26 0.88 0.89 ns 0.249
Ad28 0.69 0.59 ns 0.217
Ad45 0.65 0.63 ns 0.562
Ad48 0.69 0.60 ns 0.411
*P <0.05
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