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Programs to prevent mother-to-child HIV transmission do not reduce the number
of infants exposed during pregnancy and breastfeeding. HIV-exposed but uninfected
children (HEU) present higher risk of morbidity and mortality than HIV-unexposed and
uninfected children (UU). In this line, the study of immune biomarkers in HIV could
improve prediction of disease progression, allowing to diminish comorbidity risk. Dried
blood specimens (DBS) are an alternative to serum for collecting and transporting
samples in countries with limited infrastructure and especially interesting for groups
such as pediatrics, where obtaining a high sample volume is challenging. This study
explores the usefulness of DBS for immune profile monitoring in samples from 30 children
under clinical follow-up in Kinshasa: 10 HIV-infected (HIV+), 10 HEU, and 10 UU. We
have measured the gene expression levels of 12 immune and inflammatory markers
(CD14, IL-6, TNFa, HVEM, B7.1, HIF-1a, Siglec-10, IRAK-M, CD163, B7H5, PD-L1, and
Galectin-9) in DBS samples by reverse transcription of total RNA and RT-gPCR. Principal
component analysis, Kruskal-Wallis test, and Mann-Whitney test were performed in
order to study group differences. HIV+ children presented significantly higher levels of
seven biomarkers (CD14, IL-6 HVEM, B7.1, Siglec-10, HIF-1a, and CD163) than the UU
group. In HEU, we found seven biomarkers significantly elevated (CD14, IL-6, HVEM,
B7.1, Siglec-10, HIF-1a, and IRAK-M) vs. UU. Six biomarkers (CD14, IL-6, HVEM, B7.1,
Siglec-10, and HIF-1a) showed a significantly higher expression in both HIV+ and HEU
vs. UU, with HVEM and CD14 being significantly overexpressed among HIV+ vs. HEU.
Our data reveal the utility of DBS for immune response monitoring. Moreover, significant
differences in specific biomarker expression across groups strongly suggest the effect of
HIV infection and/or HIV exposure on these immune biomarkers’ expressions.
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INTRODUCTION

Among the 38 million people living with human
immunodeficiency virus (HIV), more than half are women
and almost 2 million are children below the age of 15 (1).
An early diagnosis and correct HIV treatment monitoring
with routine viral load testing in infected adults and children
is required to control HIV epidemics worldwide (2). The
implementation of programs to prevent mother-to-child HIV
transmission (MTCT) reduces the number of newly infected
children. However, high maternal HIV incidence and deficient
HIV testing and viremia control for pregnant and postpartum
women substantially contribute to viral transmission and to
HIV exposure in infants during pregnancy and breastfeeding
in environments with a high HIV burden. In 2019, 110,000
children (aged 0-14 years) acquired HIV infection in the 21
focus countries (3). One of these countries is the Democratic
Republic of Congo (DRC), with 0.8% HIV prevalence [0.60.9],
(1, 4), high rates of MTCT (5), low antenatal care coverage, and
having less than half of the pregnant women living with HIV
receiving antiretroviral therapy (3). In the DRC, about 51,000
children are living with HIV, mainly due to the high MTCT rate
of 27.1% [24.4-30], in addition to 310,000 HIV-exposed but
born uninfected children (HEU), according to the estimation of
the most recent Joint United Nations Programme on HIVAIDS
(UNAIDS) (1).

HEU present 3.9 and 2.0-fold higher mortality rate than
HIV-unexposed (born to mothers infected with HIV) and
uninfected children (UU) during the first and second year of
life, respectively (6). Mortality is most commonly due to acute
respiratory infections, diarrhea/dysentery, malnutrition, sepsis,
or meningitis. HEU are more likely to be premature and smaller
than normal for their gestational age than UU, have more
postnatal growth failure, and have 50% more hospitalizations
in the neonatal period and 30% more hospital visits during
infancy, particularly for skin infections, lower respiratory tract
infections, and oral thrush (6). Lower rates of breastfeeding in
exposed infants can reduce their protection from HIV and other
infections, with an increased risk of death from malnutrition,
diarrhea, and pneumonia if the infants are not exclusively
breastfed (7). In addition, reduced care due to parental illness or
death can also increase the exposure to other infections among
HEU (8). Nonetheless, despite the public health importance
of the great number of HEU involved in the epidemic, health
supervision specifically addressing the HEU population is scarce
worldwide and has been largely neglected (8).

The increased risk of infectious morbidity, mortality, and
growth failure observed among HEU (8) is due to greater
immune activation and inflammation (6, 9-12), with lower T
cell functionality and higher monocyte activation in HEU vs. UU
(11, 13). Expression of immune checkpoints, regulators of T cell
immune activities in response to invading pathogens (14), and
of other immunological biomarkers can be altered during HIV
infection despite viremia control or undetectable viral load (15).
These checkpoints can be used as biomarkers for monitoring
HIV disease progression and therapeutic response in individuals
infected with HIV (14), just as they do in other chronic infectious

diseases and cancer (16, 17). These can also predict the risk
of comorbidities associated with chronic inflammation (18).
However, immune and inflammatory markers usually need to be
measured in fresh blood or plasma frozen samples, making their
study difficult in resource-poor countries (19).

Dried blood specimens (DBS) use facilitates blood samples
collection, storage, and transport to centralized facilities for
HIV diagnosis and monitoring in environments with limited
infrastructure, as well as when large blood volumes are not
available, such as in neonates and in children with low weight
(20). Studies reporting different expression levels of immune
biomarkers in HEU are scarce and are limited to a few
biomarkers, mainly in plasma (10, 11, 13, 21). This pilot study
provides pioneer data on the gene expression of 12 immune
biomarkers, including checkpoint and inflammatory markers,
obtained by reverse transcription-quantitative polymerase chain
reaction (RT-qPCR), using DBS in three groups of participants:
HIV-infected (HIV+), HEU, and UU, in a pediatric cohort from
the DRC. The main objective was to evaluate the usefulness of
DBS samples as an alternative to the plasma or serum samples.
In addition, we analyzed the influence of HIV infection and
HIV exposure on the immune status of three groups of children
(HIV+, HEU, and UU). To our knowledge, this is the first
study to use dried blood (not plasma/serum) to measure immune
biomarkers expression in HIV-exposed children.

METHODS
Study Design and Sample Collection

The study was conducted in accordance with the ethical
guidelines of the 1975 Declaration of Helsinki and was approved
by La Paz Hospital Ethics Committee. An informed consent
was obtained from parents, legally acceptable representatives, or
guardians of participants’ statements. The STROBE statement for
observational studies is provided in the Supplementary Material
for more details in the study design.

DBS were collected from 85 pediatric participants under
clinical follow-up in Monkole Hospital in Kinshasa (DRC) from
April to November 2016. We checked the HIV status of them all
and selected 10 patients with HIV infection (HIV+), 10 patients
from confirmed HIV+ mother (exposed) but uninfected (HEU),
and 10 uninfected and unexposed children (UU). Participants
had a median [IQR] age of 12.2 [10.7-15.3], 3 [0-8.5], and
10.5 [8.3-12] years old, respectively. This research is considered
a case-control study in which the UU group is the control
group and its results were compared with HEU and HIV+
groups. DBS were prepared by spotting venous blood collected
by venopuncture in EDTA anticoagulant tubes with a 70-pl
micropipette into each spot on a Whatman 903 Protein Saver
Card (Schleicher & Schuell, Dassel, Germany).

HIV Diagnosis and Viremia Quantification

HIV diagnosis was firstly performed in DRC using rapid
serological tests: Determine™ HIV-1/2 Ag/Ab (Alere), Double-
Check Gold HIV 1&2 (Orgenics), and Uni-Gold HIV (Trinity
Biotech) from 18 months old and by Biomerieux 4th-generation
immunoassay VIDAS® HIV Duo Ultra or, in exceptional cases,
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FIGURE 1 | Dried blood spots (DBS) samples from Kinshasa Hospital were send to Madrid in dried ice for their analysis. Once in Madrid, nucleic acids were extracted
using two spots (70 ! of dried blood per spot) per patient by NucliSENS® EasyMAG® (BioMerieux). Total mRNA was quantified by Nanodrop and 0.25 g of total
RNA was retrotranscribed to complementary DNA (cDNA) by using High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems). Relative expression of
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by molecular Abbott real-time HIV-1 Qualitative in infants under
the age of 18 months old. In Madrid, Spain, HIV serological
status in the 85 children was confirmed with the BioRad
Geenius™ HIV-1/2 confirmatory assay using one DBS spot per
patient, as previously reported (22). All HIV seropositive and
undetermined pediatric DBS by Geenius were then tested by
molecular POC test Cepheid Xpert Qual (Xpert Qual), which
provides a binary “detected”/“not detected” result (23). HIV-1
viremia was quantified using the COBAS® AmpliPrep/COBAS®
TaqMan® HIV-1 Test v2.0 (Roche VL) (24) in all HIV+DBS,
based on real-time amplification of HIV genome. All assays
were performed using one spot eluted in Roche SPEX buffer as

lysis buffer to elute the DBS spots, according to manufacturer’s
instructions. We provided the number of HIV-1 RNA copies
per plasma milliliter after considering 39% hematocrit as the
standard value for children (25).

Tested Immune Biomarkers

We analyzed the levels of 12 immune biomarkers: B7.1
(membrane protein presents in activated antigen-presenting
cells) (26); B7H5 (V-domain Ig suppressor of T cell activation)
(27); IRAK-M (interleukin-1 receptor associated kinase) (26),
associated with inflammatory bowel diseases (28); Galectin-9
(glycan-binding protein) (29); Siglec-10 (sialic acid-binding
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Ig-like lectin 10) (30); HIF-la (hypoxia-inducible factor 1-
alpha, a transcription factor) (26); HVEM (herpes virus entry
mediator) (29); CD14 (co-receptor for lipopolysaccharide
released from monocytes upon activation) (31); CD163
(marker of monocyte/macrophage activated cells) (31); PD-L1
(programmed death-ligand 1) (26, 29); IL-6 (B cell stimulatory
factor 2) (32, 33); and TFNoa (tumor necrosis factor-o, a
proinflammatory cytokine) (34, 35). These biomarkers were
selected because of their previous reported implication in HIV
and other infections/pathologies (26, 29, 31).

Biomarker Quantification by RT-PCR

A brief scheme of the procedure is included in Figure 1. To
quantify these immune biomarkers in each patient, nucleic
acids were extracted from two DBS spots using the NucliSENS
EasyMAG automated platform (BioMerieux). cDNA was
synthesized from 0.25 g of total RNA using the High-Capacity
cDNA Reverse Transcription Kit (Applied Biosystems). Reverse
transcription quantitative polymerase chain reactions (RT-
qPCRs) were performed using the QuantiMix Easy SYG Kit
(Biotools), according to the manufacturer’s instructions. Gene
expression levels were analyzed using the LightCycler system
(Roche Diagnostics). The ¢cDNA copy number of each gene
of interest was determined using a seven-point standard
curve. Reactions were run in duplicate and the expression
level of the B-ACTIN housekeeping gene was used as internal
standard to normalize data in the relative expression of each
biomarker. All the primers included exon-exon junctions to
avoid genomic DNA contamination and were synthesized by
Europhins Genomics. Specific primers for each gene are shown
in Supplementary Table 1.

Statistical Analysis

Principal components of the biomarkers’ relative expression data
were calculated using the function princomp of R language.
The default method performed a principal components analysis
on the given numeric data matrix and returned the results
as an object of class. The calculation was done by a singular
value decomposition of the centered and scaled data matrix.
The print method for these objects and the plot method were
performed using the packages R ggiplot and ggbiplot. The
Kruskal-Wallis non-parametric test was performed for overall
comparison of the three groups. After that, the Mann-Whitney
U test was used to study the differences among groups. The
significance level used for the hypothesis contrast tests was set
at P < 0.05. Statistical analyses were conducted using GraphPad
Prism 6.0 software.

RESULTS
Study Population

The study’s main features of the pediatric population involved
are shown in Table 1. Both HIV+ and UU groups presented
similar median age at sampling, higher than the HEU group
(12 and 10.5 years old vs. 3 years old, respectively). All children
with HIV were under antiretroviral treatment, although none
presented suppressed viremia at sampling. Among the HEU

TABLE 1 | Main features of the study cohort.

HIV+ HEU uu
Number of children 10 10 10
Male 6 5 5
Median age at 12[10.7-15.3] 3[0-8.5] 10.5[8.3-12]
sampling in years [IQR]
Breastfed 5 7 Unknown
Positive confirmatory 10 4 0
serological HIV status
by Geenius
Positive HIV+ 10 0 0
molecular diagnosis by
Xpert HIV-1 Qual
Antiretroviral exposure 10 7 (5 prophylaxis) 0
after birth
Mean VL (log/ml) 4.3 (2.7-5.3)

(range) by Cobas
Roche

HIV+, HIV-1 infected children; HEU, HIV-exposed but born uninfected children; UU, HIV-
unexposed and uninfected children; VL, HIV-1 RNA copies per plasma milliliter (ml); log,
logarithm. Geenius, Bio-Rad Geenius™ HIV 1/2 Confirmatory Assay (36); Xpert HIV-1
Qual, Cepheid Xpert HIV-1 Qual (23).

group, seven had previously received antiretroviral drugs, five as
prophylaxis. Four of the HEU group presented maternal anti-
HIV antibodies at sampling, all under 18 months of age (from
0 to 4.8 months old).

DBS Samples From HIV-Infected Children
Are Viable Specimens for Host mRNA

Differential Expression Studies

First, we decided to evaluate if DBS samples were robust enough
specimens for the analysis of host mRNA expression. Children
blood DBS samples were transported from Kinshasa to Spain,
where they were analyzed. We obtained a mean + SD of
0.86 = 0.27 ng of total RNA per sample after nucleic acid
extraction from two blood spots (140 pl of blood) of each
child. We utilized 0.25 pg for retro transcription to cDNA.
The expression of the housekeeping gene p-actin amplified by
specific primers including exon-exon junction was used as the
housekeeping gene to validate the RT-qPCRs. Detectable levels
of B-actin were found in all analyzed samples with a mean
Threshold point (Ct) of 22.13 £ 2.11.

HIV-Infected, -Exposed, and -Unexposed
Children Have Differential Imnmune Marker

Profiles

Once the usefulness of DBS samples was checked, we moved
on to analyze the effects of HIV infection and exposure on
immune markers, studying overall differences between children
subgroups. We selected 12 immune markers including immune
checkpoints (CD14, IL-6, TNFa, HVEM, B7.1, HIF-1a, Siglec-10,
IRAK-M, CD163, B7H5, PD-L1, and Galectin-9). Some of these
had been previously associated to a worse prognosis in HIV and
other infectious diseases (26, 37, 38), or related to inflammatory
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TABLE 2 | Principal component analysis of 10 immune markers from 30 pediatric
samples from the study pediatric cohort.

Principal component 1 2 3 4

Vector values for the component

B7.1 0.21 —0.41 —0.39 0.15
B7-H5 0.24 0.37 0.16 -0.20
CD14 0.30 0.28 -0.20 0.25
CD163 0.28 0.23 -0.34 -0.27
HIF-1a 0.37 -0.15 0.27 —0.06
HVEM 0.37 0.14 -0.13 0.00
IRAK-M 0.25 -0.35 —0.01 -0.11
Galectin-9 0.14 0.42 -0.23 -0.35
PD-L1 0.26 0.27 0.18 0.78
Siglec-10 0.27 —0.31 —0.45 0.09
TNF-a 0.33 -0.14 0.46 -0.17
IL-6 0.36 -0.17 0.29 -0.16
Percent of total variance 50.6 28.3 7.7 3.2

explained by the component

status (IL-6, CD14, CD163, IRAK-M, and TNFa) (12, 21, 39, 40).
We first performed a principal component analysis (PCA) for
the expression of 10 immune markers in DBS samples from
our cohort. The four principal components explained 89.8% of
variance (Table 2). The PCA results showed that the immune
marker profiles in UU children substantially differed from the
HEU and HIV-infected groups (Figure 2).

We carried on to study the expression profile of each
marker separately. We identified how some immune markers
increased in children with HIV infection when compared to the
HEU and UU groups. HIV+ children presented significantly
higher levels of seven of the 12 biomarkers (CD14, HVEM,
IL-6, B7.1, Siglec-10, HIF-1a, and CD163) compared to the
UU group (Figures 3A-G). The T cell response suppressor
B7H5 and the inflammatory cytokine TNFa also exhibited a
higher expression in the HIV+ group compared with the UU
group, but with no statistical significance (Figures 3LJ). On
one hand, six of these biomarkers (CD14, HVEM, IL-6, B7.1,
Siglec-10, and HIF-1a) were related to both HIV exposure and
infection, presenting significantly higher expression in both the
HIV+ and HEU groups than in the UU group (Figures 3A-F).
CD14 and HVEM were significantly more expressed in the
HIV+ than the HEU (Figures 3A,B), and the expression of
IL-6, B7.1, Siglec-10, HIF-1a, CD163, IRAK-M, B7H5, TNFa,
PD-L1, and Galectin-9 was similar in the HIV+ and HEU
groups (Figures 3C-L).

On the other hand, we found immune markers that increased
with HIV exposure. When comparing HEU with UU, seven
biomarkers were significantly elevated after HIV exposure
(CD14, HVEM, IL-6, B7.1, Siglec-10, HIF-1a, and IRAK-M)
(Figures 3A-FH). IRAK-M was only increased by HIV exposure,
presenting significantly higher levels in the HEU vs. UU group
(Figure 3H). Note that we found no statistically significant
correlations between age and any of the 12 studied immune
markers (Supplementary Figure 1).

DISCUSSION

One of the main challenges today is to improve the diagnosis and
monitoring of HIV and other pathogens in countries with limited
resources. In this sense, the use of DBS has emerged as a great
specimen due to its easier sampling, transport, and storage (20),
being extensively used in many countries. In the DRC, DBS have
been used for HIV diagnosis, viral load quantification, drug levels
and resistance monitoring, HIV subtyping, and seroprevalence
studies, among others (41).

For more than a decade, DBS samples have been used to
quantify mRNA expression of immune markers (42-44). DBS
RNA profiling vs. whole venous blood RNA by genome-wide
transcriptomics revealed the feasibility of DBS in field-based
studies of gene expression (43, 44). However, no studies have
explored this type of host markers in HIV-exposed children the
way our study does. This could be an advantage since our method
uses significantly smaller blood volumes (140 pl) per individual
than required for other analyses. As an example, ELISAs normally
require 200 pl of serum per sample (100 pl in duplicate) for
the analysis of a single marker (40, 45). With our method,
we were able to measure the expression of 12 genes related
to inflammation and immune system uniquely using two spots
from DBS (70 pl per spot). This reduction in sample volume is
especially interesting in groups where sample extraction is more
limited, such as the pediatric population.

Immune status monitoring could aid in predicting the risk
of HIV-related comorbidities, chronic immune dysfunction,
and especially persistent inflammation due to chronic HIV
production, all of which contribute to the enhanced risk of
morbidity and mortality among people with HIV (15, 18). In
this context, this pilot study provides pioneering data on the
expression of 12 immune markers in three groups of pediatric
patients with or without HIV infection or exposure including IL-
6, CD14, and CD163, which are immune biomarkers of myeloid
origin with major clinical impact in terms of predicting morbidity
(12,31, 45, 46). Our data obtained by PCA and the single marker-
by-marker analysis demonstrate that both HIV exposition during
pregnancy and HIV infection alter the immune profile. The main
limitation of this work is that it involves a pilot study that analyzes
a small pediatric cohort. However, despite the low number of
participants in each group, we were able to observe significant
differences in the expression profiles of the immune biomarkers
across groups, strongly suggesting the effect of HIV infection
and/or HIV exposure on these immune biomarker’s expression.

It is well-known that HIV infection increases plasma levels
of some soluble immune biomarkers compared with uninfected
(10, 39, 47, 48), even in well-controlled ART-treated HIV-
infected with suppressed viremia (15, 39). We found that
HIV+ children presented significantly higher levels of seven
biomarkers (IL-6, CD14, HVEM, B7.1, Siglec-10, HIF-1a, and
CD163) than the UU group. These results are in agreement with
previous studies reporting an increase in soluble IL-6, CD14,
and CD163 in plasma associated with HIV infection (12, 39, 48)
and a higher CD163 level in HIV-infected macrophages due
to chronic inflammation (40). CD163 has been independently
associated with incidence of chronic kidney, lung, and liver
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FIGURE 2 | Results are plotted according to the first two principal components accounting for 79% of the total variation (Component 1 = 50.7% and Component 2 =
28.3%). Each dot represents data from a single child sample: HIV-exposed but uninfected (HEU) in orange; HIV-infected (HIV+) in blue; HIV-unexposed and uninfected
(UU) in green. The clustering of samples is represented by their respective 95% confidence interval ellipse from centroid. Vectors of each immune marker are

represented by red lines.

disease in treated individuals with HIV (40). Regarding HIV
exposure, our study reports pilot data that show significantly
higher mRNA expression levels of seven immune biomarkers
(IL-6, CD14, HVEM, B7.1, Siglec-10, HIF-1a, and IRAK-M)
in HIV-infected and HIV-exposed children vs. UU. Only few
studies have analyzed immune biomarkers (mainly soluble) in
HEU, describing decreased T cell functionality after pathogenic
stimuli (13) and higher inflammation and monocyte activation
by increased levels of some soluble inflammatory biomarker in
plasma (10, 11) of HEU adults compared with UU. Nonetheless,
none have reported RNA levels of the 12 analyzed biomarkers in
HEU compared with HIV+ and UU, as our study did, some of
the latter never being reported in HEU or in HIV infection before
(i.e., Siglec-10 or IRAK-M).

Interestingly, five biomarkers (CD14, HVEM, B7.1, Siglec-
10, and HIF-la) presented significantly higher expression in
both HIV+ and HEU vs. UU, with HVEM and CD14 being
significantly overexpressed among HIV+ vs. HEU. HVEM is
highly expressed on HIV-infected T-CD4 cells and is involved
at HIV entry (37), which might explain the significantly higher
HVEM expression levels observed in HIV-infected compared
with HEU and UU. However, the reason why HVEM appears to
be greater expressed in the HEU vs. the UU group remains to be

clarified. HIF-1a accumulates in the presence of HIV infection,
since HIV-1 Vpr protein activates the oxidative stress pathway
required for HIF-la expression, explaining the high HIF-la
levels in HIV-infected individuals (38). Alternative molecular
mechanisms for HIF-1a overexpression in HEU vs. UU should
be elucidated, as occurs in other clinical contexts such as lung
cancer (49).

Regarding B7.1, it is known that the HIV-1 nef protein
removes B7.1 from the cell surface by modifying Golgi routes
and preventing T lymphocyte activation (50). Siglec-10 was
detected on subsets of human leukocytes, including eosinophils,
monocytes, and a minor population of natural killer-like cells,
and could function as an inhibitory receptor within the innate
immune system (51). Nevertheless, given that both biomarkers
were also significantly elevated in the HEU vs. UU group in the
absence of viral proteins, the effect of HIV exposure in mRNA
B7.1 and Siglec-10 expression needs to be further studied.

B7H5, PD-L1, and Galectin-9 levels remained similar across
groups, suggesting a low effect of HIV presence or HIV exposure
in their expression. Still, levels of the T cell activation suppressor
and a novel costimulatory molecule regulating T cell responses
in the B7 molecule family, B7H5, tended to be higher in the HIV
group than in the HEU and UU groups and in the HEU vs. the
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FIGURE 3 | Relative expression by RT-gPCR of CD14 (A), HVEM (B), IL-6 (C), B7.1 (D), Siglec-10 (E), HIF-1a (F), CD163 (G), IRAK-M (H), B7H5 (1), TNFa (J),
PD-L1 (K), and Galectin-9 (L) genes on mRNA extracted from DBS from a pediatric cohort of DRC. HIV+, HIV-infected children; HEU, HIV-exposed but born
uninfected children; UU, HIV-unexposed and uninfected children; P-values and Kruskal-Wallis statistics (K-W) for statistically significant biomarkers are shown. *P <
0.05; *P < 0.01; **P < 0.001 on Mann-Whitney U-test between groups. Figure presented in IAS Congress 2019, abstract TUPEC444.
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UU group. This molecule has also been reported to be involved
in cancer (52) but, to our knowledge, it has never been reported
in the HIV field.

Another limitation to our research is the possible effect
of antiretroviral exposure in our study population, since
it dramatically reduces systemic inflammation and immune
activation, although these do not decrease to levels comparable
to the HIV-uninfected population (53), since residual immune
activation, particularly monocyte/macrophage activation, were
present (48). Moreover, the effect of each specific antiretroviral
on inflammation and immune activation in HIV is still under
research (53). However, due to the small sample size in our
children cohort, a larger study in HIV-infected children with
different therapeutic strategies should be performed to conclude
the antiretroviral effects in immune system. Additionally, the
lower age of HIV-exposed children vs. the remaining two groups
was another limitation. However, the effect of children’s age on
immune marker expression remains unclear. Although some
studies have observed a significant age-related increase in soluble
CD14 and other biomarkers in HEU (21), others have only
found significantly higher levels in HEU at birth, and the levels
normalized after 6 months (11). We did not find any statistically
significant correlation between age and any of the 12 studied
immune markers in the studied cohort. These phenomena would
reinforce the idea that the higher level of expression in some
biomarkers vs. UU could be due to the HIV exposure and not
due to the age. Therefore, the immune profile monitoring by
immune biomarker quantification in blood should be considered
to be integrated into PTMCT programs to monitor inflammation
in HIV-infected newborns and in those uninfected but exposed
children born to HIV-infected mothers.

Given that routine CD4/CD8 measurements were absent or
scarce during the clinical follow-up of the children from Kinshasa
under study, we provided the first results related to their immune
status. Our results demonstrate that HIV exposure, and not only
HIV infection, alters the level of some immune biomarkers in
the pediatric study population. Furthermore, our study reveals
some elevated biomarkers in children due to HIV exposure
that can contribute to poor health outcomes related to chronic
inflammation in HEU (9).

We have confirmed that DBS use for immune checkpoints
monitoring could be an advantage in settings with limited
infrastructure for blood processing or when low blood volume is
available, as in neonates. Nevertheless, more studies comparing
biomarkers” expression levels in paired DBS/plasma samples and
in a larger population cohort are required. Development of
simplified approaches for immune biomarker determinations at
point of care is urgently needed for immune response monitoring
in countries with limited infrastructures.

DATA AVAILABILITY STATEMENT

The original contributions
are included in the

presented in the study
article/Supplementary Material,

further inquiries can be directed to the

corresponding authors.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by La Paz Hospital Ethics Committee. Written
informed consent to participate in this study was provided by the
participants’ legal guardian/next of kin.

AUTHOR CONTRIBUTIONS

AH and EL-C conceived and designed the study, contributed
to data analysis, results discussion, and revised the paper and
contributed to results discussion. AH, GR, and AN collaborated
in sample shipping. AN selected clinical and epidemiological
data from patients. MR-G and JA-O performed experimental
assays and wrote the original manuscript. JA-O, MR-G, and
CR performed the statistical analysis. All authors approved the
final version.

FUNDING

This study has been funded by Instituto de Salud Carlos
I  through the projects PI14/01234, PIE15/00065,
PI18/00148, and PI18/00904 (co-funded by European
Regional Development Fund, A way to achieve Europe)
and by Fundacién Familia Alonso. JA-O and MR-
G were supported by grants from Comunidad de
Madrid  (PEJ15/BIO/AI-0021 and PEJD-2017/PRE-BMD-
4497, respectively).

ACKNOWLEDGMENTS

We thank participants who participated in the study as well as
local professionals responsible for the DBS and data collection
of enrolled participants at Monkole Hospital in Kinshasa. We
want to thank Silvia Carlos for her support during DBS transport
to Spain. We also thank Paul Devlin for his proofreading of
the manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2021.678850/full#supplementary-material

Figure S1 | Correlation of age with the relative expression of CD14 (A), HVEM (B),
IL-6 (C), B7.1 (D), Siglec10 (E), HIF-1a (F), CD163 (G), IRAK-M (H), B7H5 (1),
TNFa (J) PD-L1 (K), and Galectin-9 (L) on mRNA extracted from DBS in a
paediatric cohort of DRC. HIV+, HIV-infected children (red dots); HEU,
HIV-exposed but born uninfected children (blue dots); UU, HIV-unexposed and
uninfected children (green dots); P-values and Spearman R in Spearman
correlation tests are shown.

Frontiers in Medicine | www.frontiersin.org

June 2021 | Volume 8 | Article 678850


https://www.frontiersin.org/articles/10.3389/fmed.2021.678850/full#supplementary-material
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Rubio-Garrido et al.

HIV Exposure/Infection on Immune Profile

REFERENCES

w

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. AIDSinfo. Joint United Nations Programme on HIV/AIDS (UNAIDS).

Available online at: http://aidsinfo.unaids.org/ (accessed: March 25, 2020).

. UNAIDS. The Need for Routine Viral Load Testing (2016).
. UNAIDS. Start Free Stay Free AIDS Free (2020).
. Drake AL, Thomson KA, Quinn C, Newman Owiredu M, Nuwagira IB,

Chitembo L, et al. Retest and treat: a review of national HIV retesting
guidelines to inform elimination of mother-to-child HIV transmission
(EMTCT) efforts. ] Int AIDS Soc. (2019) 22:e25271. doi: 10.1002/jia2.25271

. Diese M, Villeneuve S, Numbi E, Salumu F, Clarysse G, Ilunga H, et al.

Elimination of mother-to-child transmission of HIV in Democratic Republic
of Congo: implementation of “Test &Treat” Approach at Primary Health
Centers. Int ] Virol AIDS. (2016) 3:26. doi: 10.23937/2469-567X/1510026

. Evans C, Humphrey JH, Ntozini R, Prendergast AJ. HIV-exposed uninfected

infants in Zimbabwe: insights into health outcomes in the pre-antiretroviral
therapy era. Front Immunol. (2016) 7:190. doi: 10.3389/fimmu.2016.00190

. World Health Organization (WHO). Infant Feeding for the Prevention of

Mother-to-Child Transmission of HIV. Available online at: https://www.who.
int/elena/titles/hiv_infant_feeding/en/ (accessed: March 25, 2020).

. Filteau S. The HIV-exposed, uninfected African child. Trop Med Int Heal.

(2009) 14:276-87. doi: 10.1111/§.1365-3156.2009.02220.x

. Prendergast AJ, Rukobo S, Chasekwa B, Mutasa K, Ntozini R, Mbuya MNN,

et al. Stunting is characterized by chronic inflammation in zimbabwean
infants. PLoS ONE. (2014) 9: €86928. doi: 10.1371/journal.pone.0086928
Prendergast AJ, Chasekwa B, Rukobo S, Govha M, Mutasa K, Ntozini
R, et al. Intestinal damage and inflammatory biomarkers in Human
Immunodeficiency Virus (HIV)-Exposed and HIV-Infected zimbabwean
infants. J Infect Dis. (2017) 216:651-61. doi: 10.1093/infdis/jix367
Dirajlal-Fargo S, Mussi-Pinhata MM, Weinberg A, Yu Q, Cohen R,
DR, et al. HIV-exposed-uninfected infants have
inflammation and monocyte activation. AIDS. (2019)
doi: 10.1097/QAD.0000000000002128

Brites-Alves C, Luz E, Netto EM, Ferreira T, Diaz RS, Pedroso C, et al.
Immune activation, proinflammatory cytokines, and conventional risks for
cardiovascular disease in HIV patients: a case-control study in Bahia, Brazil.
Front Immunol. (2018) 9:1469. doi: 10.3389/fimmu.2018.01469

Jalbert E, Williamson KM, Kroehl ME, Johnson M]J, Cutland C, Madhi SA,
et al. HIV-Exposed uninfected infants have increased regulatory T cells that
correlate with decreased T cell function. Front Immunol. (2019) 10:595.
doi: 10.3389/fimmu.2019.00595

Sperk M, Domselaar R van, Neogi U. Immune checkpoints as the immune
system regulators and potential biomarkers in HIV-1 infection. Int ] Mol Sci.
(2018) 19:2000. doi: 10.3390/ijms19072000

Wada NI, Bream JH, Martinez-Maza O, Macatangay B, Galvin SR, Margolick
JB, et al. Inflammatory Biomarkers and mortality risk among HIV-suppressed
men: a multisite prospective cohort study. Clin Infect Dis. (2016) 63:984-90.
doi: 10.1093/cid/ciw409

Patil NK, Guo Y, Luan L, Sherwood ER. Targeting immune cell checkpoints
during sepsis. Int ] Mol Sci. (2017) 18:2413. doi: 10.3390/ijms18112413
Topalian SL, Drake CG, Pardoll DM. Immune checkpoint blockade: a
common denominator approach to cancer therapy. Cancer Cell. (2015)
27:450-61. doi: 10.1016/j.ccell.2015.03.001

Klatt NR, Chomont N, Douek DC, Deeks SG. Immune activation and hiv
persistence: implications for curative approaches to HIV infection. Immunol
Rev. (2013) 254:326-42. doi: 10.1111/imr.12065

Lew J, Reichelderfer P, Fowler M, Bremer ], Carrol R, Cassol S, et al.
Determinations of levels of human immunodeficiency virus type 1 RNA in
plasma: reassessment of parameters affecting assay outcome. J Clin Microbiol.
(1998) 36:1471-9. doi: 10.1128/JCM.36.6.1471-1479.1998

De Mulder M, Holguin A. Utilidad de los dried blood spots para monitorizar
la infeccién por virus de la inmunodeficiencia humana en los programas de
salud publica de paises en desarrollo. Enferm Infecc Microbiol Clin. (2013)
31:100-7. doi: 10.1016/j.eimc.2012.03.008

Baroncelli S, Galluzzo CM, Liotta G, Andreotti M, Mancinelli S, Mphwere R,
et al. Immune activation and microbial translocation markers in HIV-exposed
uninfected malawian infants in the first year of life. J Trop Pediatr. (2019)
65:617-25. doi: 10.1093/tropej/fmz022

increased
33:845-53.

Harris

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Fernindez McPhee C, Alvarez P, Prieto L, Obiang J, Avedillo P, Vargas A,
et al. HIV-1 infection using dried blood spots can be confirmed by Bio-
Rad Geenius™ HIV 1/2 confirmatory assay. J Clin Virol. (2015) 63:66-9.
doi: 10.1016/j.jcv.2014.12.018

Cepheid. HIV-1 Molecular Test - Xpert HIV-1 Qual. Available online
at: https://www.cepheid.com/en/tests/ Virology/Xpert- HIV-1-Qual (accessed:

July 20, 2020).

WHO. Roche. COBAS®  AmpliPrep/COBAS®  TagMan® HIV-1 Test
v2.0. (2012).

Robins EB, Blum S. Hematologic reference values for African

American children and adolescents. Am ] Hematol. (2007) 82:611-4.
doi: 10.1002/ajh.20848

Avendafio-Ortiz ], Maroun-Eid C, Martin-Quir6s A, Toledano V, Cubillos-
Zapata C, Gémez-Campelo P, et al. PD-L1 overexpression during endotoxin
tolerance impairs the adaptive immune response in septic patients via HIF1a.
J Infect Dis. (2018) 217:393-404. doi: 10.1093/infdis/jix279

Flajnik ME, Tlapakova T, Criscitiello MFE, Krylov V, Ohta Y. Evolution
of the B7 family: co-evolution of B7H6 and NKp30, identification of a
new B7 family member, B7H7, and of B7’s historical relationship with
the MHC. Immunogenetics. (2012) 64:571-90. doi: 10.1007/s00251-012-
0616-2

Weersma RK, Oostenbrug LE, Nolte IM, Van Der Steege G, Oosterom E, Van
Dullemen HM, et al. Association of interleukin-1 receptor-associated kinase
M (IRAK-M) and inflammatory bowel diseases. Scand ] Gastroenterol. (2007)
42:827-33. doi: 10.1080/00365520601114024

Wykes MN, Lewin SR. Immune checkpoint blockade in infectious diseases.
Nat Rev Immunol. (2018) 18:91-104. doi: 10.1038/nri.2017.112

Von Gunten S, Bochner BS. Basic and clinical immunology of Siglecs. Ann N
Y Acad Sci. (2008) 1143:61-82. doi: 10.1196/annals.1443.011

Knudsen TB, Ertner G, Petersen ], Moller HJ, Moestrup SK, Eugen-Olsen
J, et al. Plasma CD163 independently predicts all-cause mortality from
HIV-1 infection. ] Infect Dis. (2016) 214:1198-204. doi: 10.1093/infdis/
jiw263

Breen EC, Rezai AR, Nakajima K, Beall GN, Mitsuyasu RT, Hirano T, et al.
Infection with HIV is associated with elevated IL-6 levels and production. J
Immunol. (1990) 144: 480-4

Bastard JP, Soulié C, Fellahi S, Haim-Boukobza S, Simon A, Katlama C,
et al. Circulating interleukin-6 levels correlate with residual HIV viraemia
and markers of immune dysfunction in treatment-controlled HIV-infected
patients. Antivir Ther. (2012) 17:915-9. doi: 10.3851/IMP2093

Pasquereau S, Kumar A, Herbein G. Targeting TNF and TNF receptor
pathway in HIV-1 infection: from immune activation to viral reservoirs.
Viruses. (2017) 9:64. doi: 10.3390/v9040064
Kumar A, Coquard L, Herbein G.
in  HIV-1 infection. Curr Drug Targets.
doi: 10.2174/1573399811666150615145824

Bio-Rad. Geenius ™ HIV 1/2 Confirmatory Assay. Available online
at: https://www.bio-rad.com/webroot/web/pdf/inserts/CDG/en/883601_EN.
pdf (accessed: September 16, 2020).

Hu K, He S, Xiao ], Li M, Luo S, Zhang M, et al. Interaction between
herpesvirus entry mediator and HSV-2 glycoproteins mediates HIV-1
entry of HSV-2-infected epithelial cells. ] Gen Virol. (2017) 98:2351-61.
doi: 10.1099/jgv.0.000895

Deshmane SL, Amini S, Sen S, Khalili K, Sawaya BE. Regulation of
the HIV-1 promoter by HIF-1 and Vpr proteins. Virol J. (2011) 8:477.
doi: 10.1186/1743-422X-8-477

Letizia A, Eller MA, Polyak C, Eller LA, Creegan M, Dawson P, et al.
Biomarkers of inflammation correlate with clinical scoring indices in human
immunodeficiency virus-infected Kenyans. J Infect Dis. (2019) 219:284-94.
doi: 10.1093/infdis/jiy509

Kirkegaard-Klitbo DM, Mejer N, Knudsen TB, Mller HJ, Moestrup
SK, Poulsen SD, et al. Soluble CD163 predicts incident chronic lung,
kidney and liver disease in HIV infection. AIDS. (2017) 31:981-8.
doi: 10.1097/QAD.0000000000001432

Rubio-Garrido M, Ndarabu A, Reina G, Barquin D, Ferndndez-Alonso M,
Carlos S, et al. Utility Of POC Xpert HIV-1 tests for detection-quantification
of complex HIV recombinants using dried blood spots from Kinshasa, D. R.
Congo. Sci Rep. (2019) 9:5679. doi: 10.1038/s41598-019-41963-y

Targeting
(2015)

TNF-alpha
17:15-22.

Frontiers in Medicine | www.frontiersin.org

June 2021 | Volume 8 | Article 678850


http://aidsinfo.unaids.org/
https://doi.org/10.1002/jia2.25271
https://doi.org/10.23937/2469-567X/1510026
https://doi.org/10.3389/fimmu.2016.00190
https://www.who.int/elena/titles/hiv_infant_feeding/en/
https://www.who.int/elena/titles/hiv_infant_feeding/en/
https://doi.org/10.1111/j.1365-3156.2009.02220.x
https://doi.org/10.1371/journal.pone.0086928
https://doi.org/10.1093/infdis/jix367
https://doi.org/10.1097/QAD.0000000000002128
https://doi.org/10.3389/fimmu.2018.01469
https://doi.org/10.3389/fimmu.2019.00595
https://doi.org/10.3390/ijms19072000
https://doi.org/10.1093/cid/ciw409
https://doi.org/10.3390/ijms18112413
https://doi.org/10.1016/j.ccell.2015.03.001
https://doi.org/10.1111/imr.12065
https://doi.org/10.1128/JCM.36.6.1471-1479.1998
https://doi.org/10.1016/j.eimc.2012.03.008
https://doi.org/10.1093/tropej/fmz022
https://doi.org/10.1016/j.jcv.2014.12.018
https://www.cepheid.com/en/tests/Virology/Xpert-HIV-1-Qual
https://doi.org/10.1002/ajh.20848
https://doi.org/10.1093/infdis/jix279
https://doi.org/10.1007/s00251-012-0616-2
https://doi.org/10.1080/00365520601114024
https://doi.org/10.1038/nri.2017.112
https://doi.org/10.1196/annals.1443.011
https://doi.org/10.1093/infdis/jiw263
https://doi.org/10.3851/IMP2093
https://doi.org/10.3390/v9040064
https://doi.org/10.2174/1573399811666150615145824
https://www.bio-rad.com/webroot/web/pdf/inserts/CDG/en/883601_EN.pdf
https://www.bio-rad.com/webroot/web/pdf/inserts/CDG/en/883601_EN.pdf
https://doi.org/10.1099/jgv.0.000895
https://doi.org/10.1186/1743-422X-8-477
https://doi.org/10.1093/infdis/jiy509
https://doi.org/10.1097/QAD.0000000000001432
https://doi.org/10.1038/s41598-019-41963-y
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Rubio-Garrido et al.

HIV Exposure/Infection on Immune Profile

42.

43.

44.

45.

46.

47.

48.

Maeno Y, Nakazawa S, Dao LD, Van Tuan N, Giang ND, Van Hanh
T, et al. Osteopontin is involved in Thl-mediated immunity against
Plasmodium falciparum infection in a holoendemic malaria region in
Vietnam. Acta Trop. (2006) 98:305-10. doi: 10.1016/j.actatropica.2006.
05.001

McDade TW, Ross K, Fried LR, Arevalo JMG, Ma ], Miller GE,
et al. Genome-Wide profiling of RNA from dried blood spots:
convergence with bioinformatic results derived from whole venous

blood and peripheral blood mononuclear cells. Biodemography
Soc Biol. (2016) 62:182-97. doi: 10.1080/19485565.2016.11
85600

Reust MJ, Lee MH, Xiang J, Zhang W, Xu D, Batson T, et al. Dried blood spot
RNA transcriptomes correlate with transcriptomes derived from whole blood
RNA. Am ] Trop Med Hyg. (2018) 98:1541-6. doi: 10.4269/ajtmh.17-0653
Sandler NG, Wand H, Roque A, Law M, Nason MC, Nixon DE, et al. Plasma
levels of soluble cd14 independently predict mortality in HIV infection. J
Infect Dis. (2011) 203:780-90. doi: 10.1093/infdis/jiq118

Krishnan S, Eleanor M, Wilson P, Sheikh V, Rupert A, Mendoza D,
et al. Evidence for innate immune system activation in HIV type 1-
infected elite controllers. J Infect Dis. (2014) 209:931-9. doi: 10.1093/infdis/
jit581

Krebs SJ, Ananworanich J. Immune activation during acute HIV infection
and the impact of early antiretroviral therapy. Curr Opin HIV AIDS. (2016)
11:163-72. doi: 10.1097/COH.0000000000000228

Wada NI, Jacobson LP, Margolick JB, Breen EC, Macatangay B, Penugonda
S, et al. The effect of HAART-induced HIV suppression on circulating
markers of inflammation and immune activation. AIDS. (2015) 29:463-71.
doi: 10.1097/QAD.0000000000000545

49.

50.

51.

52.

53.

Li Y, Zhao L, Qi Y, Yang X. MicroRNA-214 upregulates HIF-1a and VEGF
by targeting ING4 in lung cancer cells. Mol Med Rep. (2019) 19:4935-45.
doi: 10.3892/mmr.2019.10170

Chaudhry A, Das SR, Jameel S, George A, Bal V, Mayor S, et al
HIV-1 Nef induces a Rabll-dependent routing of endocytosed immune
costimulatory proteins CD80 and CD86 to the Golgi. Traffic. (2008) 9:1925-
35. doi: 10.1111/j.1600-0854.2008.00802.x

Munday J, Kerr S, Ni ], Cornish AL, Zhang JQ, Nicoll G, et al. Identification,
characterization and leucocyte expression of Siglec-10, a novel human sialic
acid-binding receptor. Biochem J. (2001) 355:489-97. doi: 10.1042/bj3550489
Dong Z, Zhang L, Xu W, Zhang G. EGFR may participate in immune evasion
through regulation of B7-H5 expression in non-small cell lung carcinoma. Mol
Med Rep. (2018) 18:3769-79. doi: 10.3892/mmr.2018.9361

Hileman CO, Funderburg NT. Inflammation, immune activation, and
antiretroviral therapy in HIV. Curr HIV/AIDS Rep. (2017) 14:93-100.
doi: 10.1007/s11904-017-0356-x

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Rubio-Garrido, Avendafio-Ortiz, Ndarabu, Rubio, Reina, Lépez-
Collazo and Holguin. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Medicine | www.frontiersin.org

10

June 2021 | Volume 8 | Article 678850


https://doi.org/10.1016/j.actatropica.2006.05.001
https://doi.org/10.1080/19485565.2016.1185600
https://doi.org/10.4269/ajtmh.17-0653
https://doi.org/10.1093/infdis/jiq118
https://doi.org/10.1093/infdis/jit581
https://doi.org/10.1097/COH.0000000000000228
https://doi.org/10.1097/QAD.0000000000000545
https://doi.org/10.3892/mmr.2019.10170
https://doi.org/10.1111/j.1600-0854.2008.00802.x
https://doi.org/10.1042/bj3550489
https://doi.org/10.3892/mmr.2018.9361
https://doi.org/10.1007/s11904-017-0356-x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Dried Blood Specimens as an Alternative Specimen for Immune Response Monitoring During HIV Infection: A Proof of Concept and Simple Method in a Pediatric Cohort
	Introduction
	Methods
	Study Design and Sample Collection
	HIV Diagnosis and Viremia Quantification
	Tested Immune Biomarkers
	Biomarker Quantification by RT-PCR
	Statistical Analysis

	Results
	Study Population
	DBS Samples From HIV-Infected Children Are Viable Specimens for Host mRNA Differential Expression Studies
	HIV-Infected, -Exposed, and -Unexposed Children Have Differential Immune Marker Profiles

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


