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Abstract

Aim: To examine oral biomarkers that have been associated with periodontal disease progression
in HIV infected adults in perinatally HIV-infected and HIV-exposed but uninfected youth.

Material and Methods: This was a cross-sectional, multi-center substudy of youth participating
in the Oral Health Pediatric HIVV/AIDS Cohort study. Gingival crevicular fluid repository samples
from participants with and without periodontal disease (using Gingival Index and Bleeding on
Probing parameters on dental examination) were tested for concentration levels of inflammatory
biomarkers. Associations were assessed using Wilcoxon test and Spearman correlation.

Results: For perinatal HIV youth (n=129), the biobiomarkers consistently elevated (p <0.05) in
sites with gingival index=2 and in sites with bleeding on probing were interleukin 18, 6 and 13,
Macrophage Inflammatory Protein-1a., and Metalloproteinase-9. Serum tumor necrosis factor-a
and soluble CD14 were positively correlated with a summary count of elevated cytokines. No
associations were seen among HIV-uninfected subjects (n=71).

Conclusions: The association of oral biomarkers of inflammation with clinical indicators of
periodontal inflammation and systemic immune activation suggest that perinatal HIV-infected
youth may be at higher risk for developing significant periodontal disease, associated with tooth
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loss and HIV progression. More frequent dental care of this group is needed to prevent potential
periodontal progression.

Keywords
oral health; perinatal HIV infected youth; periodontal inflammation; cytokines

Introduction

Systemic immune activation is a hallmark of HIV infection and is established as an
independent predictor of morbidity and mortality in HIV-infected persons (Liu et al., 1997,
Liu et al., 1998, Deeks et al., 2004, Giorgi et al., 1999). The actual cause of this immune
activation remains incompletely understood. However, a strong association has been found
between translocation of microbial products (particularly lipopolysaccharides) through the
gastro-intestinal mucosa, especially among those with sustained failure in CD4 T-cell
reconstitution despite long-term anti-retroviral therapy (ART)(Marchetti et al., 2008, Hunt et
al., 2011, Vujkovic-Cvijin et al., 2013, Xu et al., 2013). Some have suggested that the gut
model can be translated to the oral cavity as an important source of systemic immune
activation.

In addition to systemic markers of inflammation, oral inflammatory markers have also been
found to be increased in HIV-infected persons. Regardless of HIV disease, the mouth is a
known source of inflammation stemming from gingivitis and periodontitis (Ertugrul et al.,
2013, Giannobile et al., 2009, Kinney et al., 2014). Numerous inflammatory markers and
markers of bone metabolism have been associated with periodontitis, often preceding
clinical evidence of attachment loss (Becerik et al., 2011, Giannobile et al., 2009, Ka et al.,
2014, Kido et al., 2001, Kinney et al., 2014, Kunimatsu et al., 1993). The multiple bacteria
species that have been found to be associated with periodontal inflammation represent a
source of potential bacteremia and bacterial translocation in non HIV-infected as well as
HIV-infected persons (Eberhard et al., 2013, Noack et al., 2001, Genco et al., 2005, Huang
etal., 2009, Huang et al., 2011). Elevated peripheral blood markers of systemic immune
activation including interleukin (IL)-6, tumor necrosis factor (TNF)-a, and C-reactive
protein have been associated with periodontal inflammation as well as with the presence of
known periodontal pathogens (Eberhard et al., 2013, Noack et al., 2001, Genco et al., 2005).

Several studies have demonstrated higher levels of oral inflammatory cytokines, and
collagenolytic enzymes from HIV-infected vs. non-infected adults with and without
periodontal diseases in the gingival crevicular fluid (GCF) and/or saliva (Alpagot et al.,
2003, Alpagot et al., 2008, Alpagot et al., 2006, Falasca et al., 2008, Mellanen et al., 1998,
Nishanian et al., 1998). It is entirely plausible that the presence of oral inflammatory
cytokines/chemokines even in the absence of visible periodontal inflammation, results in a
breakdown of epithelial barriers and a consequent translocation of microbial products from
the gingiva. This will, in turn, instigate an HIV-associated systemic immune activation with
its associated morbidity.

The Pediatric HIV/AIDS Cohort Study (PHACS) Oral Health Substudy (OHS), a cross-
sectional study comprising a comprehensive oral examination performed by trained dentists
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in perinatally HIV-infected (PHIV) and perinatally HIV-exposed but uninfected (PHEU)
youth, provides the unique opportunity to explore this association (Moscicki et al., 2016).
The aim of this study was to examine markers of inflammation and bone metabolism that
have been associated with periodontal disease progression from GCF in areas with and
without evidence of clinical periodontal inflammation in PHIV and PHEU youth. In
addition, we examined the association between biomarkers of oral and systemic
inflammation among PHIV youth. We hypothesized that these markers would be markedly
elevated in the face of clinical inflammation in HIV-infected persons and in turn this would
be associated with markers of systemic immune activation.

Materials and Methods

Study Design and Population

Patients were recruited from the Adolescent Master Protocol (AMP) of PHACS, a
prospective cohort study designed to determine the impact of HIV infection and
antiretroviral therapy (ART) on PHIV youth and includes a comparison group of PHEU
youth. The design of the study and eligibility criteria have been defined in several
publications (Moscicki et al., 2016, Alperen et al., 2014, Van Dyke et al., 2011). The OHS
protocol (Moscicki et al., 2016, Ryder et al., 2017) was a cross-sectional substudy within
AMP with a single visit per subject.

Institutional Review Boards (IRB) at clinical sites and the Harvard T.H. Chan School of
Public Health approved the study. Parents/legal guardians provided written informed consent
for their child’s participation. Youth consented/assented per local IRB guidelines.

Data collection in the PHACS OHS including a full mouth examination and assessment of
clinical gingival inflammation, probing depths and clinical attachment loss is detailed
elsewhere (Moscicki et al., 2016). Briefly, sites scheduled a comprehensive OHS visit within
3 months of a regularly scheduled AMP annual visit. Dentists performing the examinations
had all undergone training and calibration regarding standardized examinations, specimen
collection and documentation (Moscicki et al., 2016). Diagnosis of periodontitis was based
on the CDC-AAP case definition (Eke et al., 2012). Gingivitis was defined as absence of
periodontitis and = 10% bleeding on probing (BOP) of all sites (6 sites per tooth) around all
teeth present.

In the interest of standardizing sample collection without biases, it was decided that samples
of GCF collected prior to periodontal probing would not target specific periodontal disease
sites but be taken from two gingival sites susceptible to inflammatory changes: the mesial
buccal sites of the permanent upper right and lower left first molars. Only serum samples
drawn within a window from 30 days before to 2 days after the OHS visit were used.

For this substudy, we selected 200 GCF repository samples from the 335 PHIVV/PHEU
participants in the OHS. We used indicators of overall oral health (i.e. periodontitis by CDC-
AAP classification and gingivitis by % sites with BOP) to select the 100 most healthy and
100 least healthy participants to ensure enough variation of the outcome measures at the
specific GCF collection sites. None of the 100 healthy participants had evidence of
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periodontitis or gingivitis, and 22 of them had minimal % BOP. The least healthy
participants included 85 with periodontitis and 15 with gingivitis and high %BOP, with BOP
at one or both GCF collection site(s).

In this analysis we looked at 2 measures of periodontal inflammation at each of the two
sites: 1) Gingival Index (GI) using a modification of the GI of Loe and Silness (Ryder et al.,
2017, Loe and Silness, 1963), where the visual parameters were 0: normal gingiva, 1: mild
inflammation/slight change in color/slight edema, 2: moderate inflammation/erythema,
edema, and loss of stippling, and 3: severe inflammation/marked erythema and
inflammation, tendency toward spontaneous bleeding; and 2) BOP as present or absent.

We also examined two other parameters associated with clinical signs of periodontitis:
probing depth =5 mm at neither or one/both collection sites, and CAL =4 mm at neither, or
one/both collection sites. A UNC#12 probe was used to measure probing depths and
gingival margin position to the CEJ to calculate CAL. Since the frequency of these two
parameters was low as expected in this young population, these two were excluded in the
analysis. Details for data collection of periodontal clinical measures, and correlations with
other local and systemic clinical and laboratory findings in this study population, are
described previously (Moscicki et al., 2016, Ryder et al., 2017).

Inflammatory cytokines and markers of bone metabolism

Prior to gingival probing, the study dentist collected GCF using a standard Periopaper® strip
at each site held in place for 10 seconds. Both were promptly placed in a single empty 1.5
ml via | (Engebretson et al., 2004). Samples were immediately placed on ice until
transported to the local laboratory within 4 hours of collection and stored at minus 70°C
until shipped to the PHACS repository. GCF samples were tested for candidate markers
(Kinney et al., 2014, Becerik et al., 2011, Ka et al., 2014, Kido et al., 2001, Kunimatsu et al.,
1993) including; i) inflammatory markers: 1L-1p, IL-6, IL-8, IL-10, IL-12p70 and IL-13,
TNF-a, interferon (IFN)-y, B2 Microglobulin (B2M), Prostagladin E2 (PGE2), and
Macrophage Inflammatory Protein (MIP)-1a,, ii) collagenolytic markers: Matrix
Metalloproteinase (MMP)-1, MMP-8 and MMP-9, iii) bone resorption and metabolism
markers: pyridinoline cross-linked carboxyterminal telopeptide of type I collagen (CTXI),
osteoprotegerin (OPG), osteocalcin (OC), and osteopontin (OPN), and iv) mediators of
inflammation: soluble TNF receptor (STNFR) I and STNFR Il. Markers of systemic immune
activation included sCD14, sCD163, IL-6, and TNF-a.

Sample preparation

Microcentrifuge tubes containing periostrips with GCF were kept at —70°C until testing. For
the elution of GCF from the strips, 400 uL of phosphate-buffered saline (1xPBS) containing
0.05% Tween-20 buffer was added to each tube, and samples were kept at +4°C overnight on
a shaking platform. Next day, each sample was vortexed for 30 sec and centrifuged for 5
minutes at 6000xg before processing for ELISA or Luminex analysis as described below.
For assessment of intra- and inter-plate variability plasma and serum samples of a healthy
person were assayed in duplicates on each Luminex and ELISA plate. Dilution buffer
defined by each protocol was set as a blank.

J Clin Perfodontol. Author manuscript; available in PMC 2020 November 01.
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Enzyme-linked immunosorbent assays (ELISA)

ELISA was used for the quantitative detection of B2M (Abcam, Cambridge, MA, USA),
PGE2 (R&D Systems, Minneapolis, MN, USA), and CTXI (Cloud-Clone Corp, Houston,
TX, USA) from GCF samples, and for sCD14 (R&D Systems, Minneapolis, MN, USA) and
sCD163 (R&D Systems, Minneapolis, MN, USA) detection from serum samples. B2M was
assayed at 1:40, PGE2 at 1:20, CTXI at 1:2 dilution, sCD163 as neat (undiluted) and sCD14
at 1:200, following manufacturer’s instructions, respectively. Data were analyzed using
SoftMax Pro version 5 ELISA software (Molecular Devices, Sunnyvale, CA). The lowest
value detected or extrapolated by the proprietary software was used as the minimum
detectable value. Concentrations lower than extrapolated values calculated were considered
out of range.

Luminex-based multiplex assays

Commercially available Luminex-based immunoassays were used for detection of
inflammatory cytokines IL-1f, IL-6, IL-8, IL-10, IL-12p70, IL-13, IFN-y, TNF-a and
MIP-1a (Millipore, Temecula, California, USA); MMP-1, MMP-8, MMP-9 (R&D Systems,
Minneapolis, MN, USA); sTNFR | and sSTNFR Il (EMT Millipore, Temecula, California,
USA); and OPG, OC and OPN (Millipore, Temecula, California, USA) in GCF. The 96-well
plates with GCF samples were run on Luminex 200 (Bio-Rad, Hercules, CA, USA). For all
biomarkers samples were run neat (undiluted), except for MMPs which were run at 1:10
dilution (1:20 for out of range samples at the higher end). Regression curves (5-parameter
logistic) were fit, and unknown concentrations in pg/ml were determined using Bio-Plex
Manager Software version 6.1.

For detection of IL-6 and TNF-a in serum, serum samples were processed on a MagPix
instrument using xPonent software (Luminex Corp., Austin, TX, USA). Regression curves
(5-parameter logistic) were fit, and unknown concentrations in pg/ml were determined using
MiraiBio MasterPlex QT software (Hitachi). The lowest value detected or extrapolated by
the proprietary software was used as the minimum detectable value. Concentrations lower
than extrapolated values calculated were considered out of range.

Statistical analysis

Periodontal outcomes as clinical evidence of periodontal inflammation included: Gl of 2 or
greater at neither, or one/both collection sites (G12), and BOP at neither, or one/both
collection sites. Demographic characteristics and periodontal outcomes were described by
HIV status. PHIV and PHEU participants were compared by a Wilcoxon test for the
continuous measures, and by a Fisher’s Exact test for discrete measures.

OC and OPN were undetectable in over 90% of samples --likely due to the absence of
marked clinically detectable bone resorption in our youth-- and were excluded from

analysis. To study the association between inflammation cytokines with clinical outcomes by
HIV infection status, the remaining 18 cytokine concentration levels were examined
comparing participants with clinical evidence at neither versus one/both collection site for
GI2, and BOP within PHIV and PHEU participants separately. Too few participants had both
sites involved to use as a separate group and when we compared the 3 groups (neither, one,
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both), similar cytokines were found associated with statistical significance as when we
compare neither to one/both combined. Cytokine concentration levels were plotted for each
of these groups, and the groups were compared by Wilcoxon test. The level of inflammation
in GCF was also summarized across cytokines by a composite variable. For each cytokine,
each participant was classified as falling into the top quartile (concentration >Q3 from the
pooled PHIV and PHEU samples) or falling into the bottom three quartiles. The count of the
number of cytokines in the top quartile was determined for each participant (theoretical
range: 0 to 18) and was used as a surrogate of the intensity of inflammation. The distribution
of this count was compared between PHIV and PHEU participants using a Wilcoxon test.
Within PHIV or PHEU participants, the count was also compared between the neither versus
one/both periodontal outcome groups by Wilcoxon test.

The association between oral inflammation and systemic immune activation was assessed by
determining the Spearman correlation coefficient p between each of the 18 oral cytokine
concentrations, the count of elevated cytokines, and % sites with BOP of the whole mouth
with each serum cytokine. These correlations were further adjusted by viral load or CD4
count at time close to oral examination using Spearman partial correlation. Serum IL-6 was
undetectable in over 60% of samples demonstrating the overall good HIV health in our
PHIV and was excluded from this analysis.

Demographics and laboratory studies of the 200 selected subjects are described in Table 1.
The distributions are consistent with what has been observed in the overall AMP cohort
(Alperen et al., 2014, Tassiopoulos et al., 2013). PHIV are older and less likely to be
Hispanic. There was no significant difference between PHIV and PHEU for number of sites
with GI =2 and BOP, or full mouth average of BOP and plague index (Table 2).

Inflammatory biomarkers and periodontal parameters

The median cytokine concentration and interquartile range (IQR) are displayed based on the
number of GCF collection sites with clinical evidence of inflammation (neither vs one/both),
i.e. Gl = 2 (Figure 1) and BOP (Figure 2) for PHIV. For ease of presenting the associations
between cytokines and the outcomes, the figures show the difference on the logarithm scale
relative to the median of the “neither” group. The concentration was statistically
significantly higher in sites with GI = 2 for ILs-1, -6, -10, and —13, MIP-1a, MMP-8 and
-9, CTXI, OPG, and sTNFR-1. The concentration was statistically significantly higher in
sites with BOP for ILs-1B, -6, and 13, MIP-1a, MMP-9, and STNFR-II. Inflammation
markers that were consistently elevated in those with GI = 2 and BOP were ILs-1p, -6 and
-13, MIP-1a, and MMP-9. None of the inflammatory biomarkers showed significantly
different concentrations for any of the periodontal parameters among the PHEU
(Supplemental Figures 1and 2 in the Supplement). Supplemental Figures 3-18 in the
Supplement show box plots and individual concentration values for each of the
inflammatory markers for PHIV and PHEU.

Summary counts of cytokines in the top quartile were similar for PHIV and PHEU youth
(median (Q1,Q3) =3 (1,6) vs 3 (1,7), respectively). Among the PHIV, summary counts were
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strongly correlated with G = 2 [median 3 (interquartile range 1,5) vs 5.5 (2,9) for no GI 22
vs one or both Gl 22, respectively; p=0.006] and BOP [median 2 (1,5) vs 5 (2,8) for no BOP
vs BOP, respectively; p=0.004]. Among PHEU, no statistical significance was found for Gl
> 2 among PHEU [3 (1,6.5) vs 4.5 (2,7), respectively; p=0.40] and BOP [3 (0,6) vs 5 (1,6.5),
respectively, p = 0.20]

Correlation between serum and GCF inflammatory markers and periodontal inflammation.

Median and mean serum cytokines levels are shown in supplemental Table. Although serum
cytokines were not significantly associated with individual GCF cytokines, a positive
association was observed with the summary counts of elevated GCF cytokines. Among
PHIV, serum TNF-a (p = 0.19, p-value = 0.03) and sCD14 (p = 0.20, p-value = 0.02) were
positively correlated with the summary counts. These correlations remained similar after
adjusting for viral load or CD4 count. Among PHEU, serum TNF-a was associated with the
GCF summary counts with marginal statistical significance (p = 0.23, p-value = 0.06), but
sCD14 was not associated (p = 0.11, p-value = 0.35). No associations were found for serum
sCD163 in either cohort. Neither BOP or GI>2 were significantly associated systemic
markers. In addition, we examined the association between whole mouth inflammation
(defined by %BOP and average plaque index of the entire mouth) and systemic immune
markers and found no significant positive correlations. This remained true when adjusting
for CD4 count and viral load (data not shown).

Discussion

Several inflammatory, collagenolytic and bone metabolism markers were elevated in the
PHIV with evidence of clinical periodontal inflammation. In contrast, no associations were
seen in the PHEU group despite the average level of these clinical measures of inflammation
being similar. These differences in the association of clinical and laboratory markers
between the PHIV and PHEU groups are striking since these markers are thought to be more
sensitive indicators of inflammation than gross visual inspection and are also considered to
predict progression to more severe periodontal disease (Moutsopoulos and Madianos,
2006).The strong association with number of cytokines found elevated in those with
inflammation vs. those without underscores the likelihood that there is significant underlying
inflammation.

Gingivitis is a local reaction to pathogens which is modulated by environmental and genetic
factors (da Silva et al., 2017). GCF is a transudate that is critical for epithelial health
concentrated with macromolecules derived from local tissue and serum (Ebersole, 2003). In
response to pathogens, this transudate becomes an inflammatory exudate with contributions
from both local tissue and serum comprised of polymorphonuclear and mononuclear cells
such as T-cells, B-cells, plasma cells and macrophages. These cells produce a large
repertoire of inflammatory and immune mediators. There is good evidence that antibodies
found are also locally as well as systemically produced contributing to the inflammatory
response (Ebersole, 2003). Early stages of gingival inflammation are due to inflammatory
responses to the microbial by-products of plaque bacteria which have crossed the gingival
barrier (Wang, 2015, Socransky et al., 1998). This early response in the tissue is
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predominated by T-cell infiltration reflective of the elevated pro-inflammatory cytokines
(such as ILs-1p and —6) as observed in our study. B-cell infiltrates are more indicative of the
later stages of periodontal disease and antibodies are directed toward bacterial product or
outer bacterial membranes (Ranney, 1991). IL-6, which is thought to regulate B-cell
expansion in oral tissue, has been linked as a sensitive marker of progression and tissue
destruction (Manolagas, 1995). IL-6 also drives osteoclast activity and bone resorption. It
has been suggested that these biomarkers can be used to predict which patients will have
progressive disease (Tomas et al., 2017). Unfortunately, more advanced periodontal disease
is common in adults with HIV (Ryder et al., 2012, Heron and Elahi, 2017). Since little is
known regarding PHIV youth and biomarkers of disease progression, follow-up of this
cohort will be essential and is currently underway.

Clinical periodontal inflammation is defined often by several parameters. In this study we
used two measures of inflammation BOP and GI. We noted that 5 of the biomarkers were
associated with both BOP and Gl giving us confidence that these markers were not
associated by chance. The association with MMP-9 was of special interest since it functions
to degrade types 1-3 collagens. MMP-9 is produced by gingival keratinocytes in response to
pathogens and also has been identified as a marker of disease progression (Sorsa et al., 2006,
Leppilahti et al., 2014). Somewhat surprising was the observed elevation of IL-13 in those
with GI = 2 since it is considered a Th2 type cytokine which dampens inflammation. We
hypothesized that this observation may be a normal response to counteract potentially
destructive inflammation (Souza et al., 2013).

Concerning was the association between the systemic immune activation markers of HIV,
specifically sSCD14 and TNF-a, and periodontal inflammation defined by multiple elevated
cytokines. The use of summary counts offers an overall picture of the intensity and diversity
of inflammation (Scott et al., 2013, Hwang et al., 2015, Arnold et al., 2016). Although there
is no consensus on “biomarkers” of systemic immune activation, elevation of sCD14 has
been shown to be a relatively sensitive marker for predicting HIV progression(Williams et
al., 2016). Other markers, such as TNF-a. have more controversial roles (de Medeiros et al.,
2016, Vaidya et al., 2014). The association for sCD14 among PHIV but not PHEU
underscore the potential risk of HIV progression. In contrast, serum TNF-a appeared to be a
more general marker of systemic inflammation since it was elevated in both PHIV and
PHEU with GCF elevated cytokines. The lack of association between visual inflammation
and systemic immune activation markers underscore the limitations in visual inspection.
Another interpretation is that clinical periodontal inflammation is not necessarily a risk for
HIV progression unless there is a corresponding measurable intense inflammatory response.

Limitations of our analysis include the cross-sectional nature of this study and using only
selected sites for GCF sampling which is not reflective of overall periodontal health.
Another limitation was the age difference between PHIV and PHEU. The frequency of
gingivitis is observed to increase with age, however there was no difference in proportion
with gingivitis between the two cohorts in our previous publication (Moscicki et al., 2016).
The proportion with visible disease of the two cohorts was also similar in our selected
samples. Another limitation was the use of GI which is considered more subjective than
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other parameters such as BOP, probing depth and CAL (Ainamo and Bay, 1975, Wei and
Lang, 1981).

Of note, a new classification system for periodontal diseases for educational and clinical
purposes was recently introduced. It involves four stages of disease severity (I-1V) and three
grades of rate of progression (A-C). In addition to probing depths and clinical attachment
loss, this system uses radiographs, and also may include furcation involvement, masticatory
factors and past dental records to determine current and predict future rates of progression
(Papapanou et al., 2018, Tonetti et al., 2018). At the time this cross-sectional multicenter
study took place, this classification system had not been published, and this latter clinical
information was not available. As a follow-up of these participants is currently underway, a
comparison between biomarker profiles at baseline and follow-up, and determining
correlations between these biomarkers and changes in clinical measures, may add new
insights into the application of this new classification system in clinical research.

In conclusion, periodontal inflammation in PHIV youth is associated with elevation of local
biomarkers that have been shown in some studies to predict progression to severe
periodontal disease that can lead to tooth loss. This same association was not observed in the
PHEU suggesting PHIV youth may have a greater potential for progression. Elevation of
these local biomarkers was also associated with serum markers of systemic immune
activation. Detection of these biomarkers may be used to identify individuals who would
benefit from more intensive hygiene and more frequent examinations to prevent progression.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGEMENTS:

We thank the children and families for their participation in PHACS, and the individuals and institutions involved in
the conduct of PHACS. The study was supported by the Eunice Kennedy Shriver National Institute of Child Health
and Human Development with co-funding from the National Institute on Drug Abuse, the National Institute of
Allergy and Infectious Diseases, the Office of AIDS Research, the National Institute of Mental Health, the National
Institute of Neurological Disorders and Stroke, the National Institute on Deafness and Other Communication
Disorders, the National Institute of Dental and Craniofacial Research, and the National Institute on Alcohol Abuse
and Alcoholism, through cooperative agreements with the Harvard T.H. Chan School of Public Health (HD052102)
(Principal Investigator: George Seage; Project Director: Julie Alperen) and the Tulane University School of
Medicine (HD052104) (Principal Investigator: Russell Van Dyke; Co-Principal Investigator: Ellen Chadwick;
Project Director: Patrick Davis). Data management services were provided by Frontier Science and Technology
Research Foundation (PI: Suzanne Siminski), and regulatory services and logistical support were provided by
Westat, Inc (PI: Julie Davidson).

Note: The conclusions and opinions expressed in this article are those of the authors and do not necessarily reflect
those of the National Institutes of Health or U.S. Department of Health and Human Services

The following institutions, clinical site investigators, and staff participated in conducting the Pediatric HIV/AIDS
Cohort Study Adolescent Master Protocol in 2012, in alphabetical order: Baylor College of Medicine: Ester
Yang*, William Shearer, Mary Paul, Norma Cooper, Lynette Harris; Bronx Lebanon Hospital Center: Karen
Kemp-Posterman*, Selene Wun*, Murli Purswani, Mahboobullah Baig, Anna Cintron; Children’s Diagnostic and
Treatment Center: Jennifer Zeni*, Ana Puga, Sandra Navarro, Doyle Patton, Deyana Leon; Children’s Hospital,
Boston: Man Wai Ng*, Sandra Burchett, Nancy Karthas, Betsy Kammerer; Ann and Robert H. Lurie Children’s
Hospital of Chicago: Ray Jurado*, Johnny Kuttab*, Ashlee Vorachek*,Ram Yogev, Margaret Ann Sanders,
Kathleen Malee, Scott Hunter; Jacobi Medical Center: Victor Badner*, Ronald Garreett*, Andrew Wiznia,
Marlene Burey, Molly Nozyce; St. Christopher’s Hospital for Children: Susan Chialastri*, Janet Chen, Latreca

J Clin Perfodontol. Author manuscript; available in PMC 2020 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moscicki et al.

Page 10

Ivey, Maria Garcia Bulkley, Mitzie Grant; San Juan Hospital/Department of Pediatrics: Ramon Gonzalez*,
Midnela Acevedo-Flores, Heida Rios, Vivian Olivera; Tulane University Health Sciences Center: Janice
Townsend*, Margarita Silio, Medea Jones, Patricia Sirois; University of Colorado Denver Health Sciences
Center: Roopa Gandhi*, Elizabeth McFarland, Emily Barr, Robin McEvoy; University of Medicine and
Dentistry of New Jersey: Kenneth Markowitz*, Arry Dieudonne, Linda Bettica, Susan Adubato. *Denotes
participating dentist.

FUNDING:

The Pediatric HIV/AIDS Cohort Study (PHACS) was supported by the Eunice Kennedy Shriver National Institute
Of Child Health & Human Development (NICHD) with co-funding from the National Institute Of Dental &
Craniofacial Research (NIDCR), the National Institute Of Allergy And Infectious Diseases (NIAID), the National
Institute Of Neurological Disorders And Stroke (NINDS), the National Institute On Deafness And Other
Communication Disorders (NIDCD), Office of AIDS Research (OAR), the National Institute Of Mental Health
(NIMH), the National Institute On Drug Abuse (NIDA), and the National Institute On Alcohol Abuse And
Alcoholism (NIAAA), through cooperative agreements with the Harvard T.H. Chan School of Public Health
(HD052102) and the Tulane University School of Medicine (HD052104). Supported in part by a research grant
from Investigator Initiated Studies Program of Merck Sharp & Dohme Corp.

REFERENCES

Ainamo J & Bay | (1975) Problems and proposals for recording gingivitis and plaque. International
Dental Journal 25, 229-235. [PubMed: 1058834]

Alpagot T, Font K & Lee A (2003) Longitudinal evaluation of GCF IFN-gamma levels and periodontal
status in HIVV+ patients. Journal of Clinical Periodontology 30, 944-948. [PubMed: 14761115]

Alpagot T, Konopka K, Bhattacharyya M, Gebremedhin S & Duzgunes N (2008) The association
between gingival crevicular fluid TGF-betal levels and periodontal status in HIV-1(+) patients.
Journal of Periodontology 79, 123-130. d0i:10.1902/jop.2008.070312. [PubMed: 18166101]

Alpagot T, Suzara V & Bhattacharyya M (2006) The associations between gingival crevice fluid
matrix metalloproteinase-9, tissue inhibitor of metalloproteinase-1 and periodontitis in human
immunodeficiency virus-positive patients. Journal of Periodontal Research 41, 491-497. doi:
10.1111/j.1600-0765.2006.00887.x. [PubMed: 17076772]

Alperen J, Brummel S, Tassiopoulos K, Mellins CA, Kacanek D, Smith R, Seage GR 3rd & Moscicki
AB (2014) Prevalence of and risk factors for substance use among perinatally human
immunodeficiency virus-infected and perinatally exposed but uninfected youth. Journal of
Adolescent Health 54, 341-349. doi:10.1016/j.jadohealth.2013.09.003. [PubMed: 24239286]

Arnold KB, Burgener A, Birse K, Romas L, Dunphy LJ, Shahabi K, Abou M, Westmacott GR,
McCorrister S, Kwatampora J, Nyanga B, Kimani J, Masson L, Liebenberg LJ, Abdool Karim SS,
Passmore JA, Lauffenburger DA, Kaul R & McKinnon LR (2016) Increased levels of inflammatory
cytokines in the female reproductive tract are associated with altered expression of proteases,
mucosal barrier proteins, and an influx of HIV-susceptible target cells. Mucosal Immunology 9,
194-205. doi:10.1038/mi.2015.51. [PubMed: 26104913]

Becerik S, Afacan B, Ozturk VO, Atmaca H & Emingil G (2011) Gingival crevicular fluid
calprotectin, osteocalcin and cross-linked N-terminal telopeptid levels in health and different
periodontal diseases. Disease Markers 31, 343-352. doi:10.3233/dma-2011-0849. [PubMed:
22182807]

da Silva MK, de Carvalho ACG, Alves EHP, da Silva FRP, Pessoa LDS & Vasconcelos DFP (2017)
Genetic Factors and the Risk of Periodontitis Development: Findings from a Systematic Review
Composed of 13 Studies of Meta-Analysis with 71,531 Participants. International Journal of
Dentistry 2017, 1914073. doi:10.1155/2017/1914073. [PubMed: 28529526]

de Medeiros RM, Valverde-Villegas JM, Junqueira DM, Graf T, Lindenau JD, de Mello MG, Vianna P,
Almeida SE & Chies JA (2016) Rapid and Slow Progressors Show Increased IL-6 and IL-10 Levels
in the Pre-AIDS Stage of HIV Infection. PLoS One 11, e0156163. doi:10.1371/journal.pone.
0156163. [PubMed: 27214135]

Deeks SG, Kitchen CM, Liu L, Guo H, Gascon R, Narvaez AB, Hunt P, Martin JN, Kahn JO, Levy J,
McGrath MS & Hecht FM (2004) Immune activation set point during early HIV infection predicts
subsequent CD4+ T-cell changes independent of viral load. Blood 104, 942-947. doi:10.1182/
blood-2003-09-3333. [PubMed: 15117761]

J Clin Perfodontol. Author manuscript; available in PMC 2020 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moscicki et al.

Page 11

Eberhard J, Grote K, Luchtefeld M, Heuer W, Schuett H, Divchev D, Scherer R, Schmitz-Streit R,
Langfeldt D, Stumpp N, Staufenbiel I, Schieffer B & Stiesch M (2013) Experimental gingivitis
induces systemic inflammatory markers in young healthy individuals: a single-subject
interventional study. PLoS One 8, €55265. doi:10.1371/journal.pone.0055265. [PubMed:
23408963]

Ebersole JL (2003) Humoral immune responses in gingival crevice fluid: local and systemic
implications. Periodontology 2000 31, 135-166.

Eke PI, Page RC, Wei L, Thornton-Evans G & Genco RJ (2012) Update of the case definitions for
population-based surveillance of periodontitis. Journal of Periodontology 83, 1449-1454. doi:
10.1902/jop.2012.110664. [PubMed: 22420873]

Engebretson SP, Hey-Hadavi J, Ehrhardt FJ, Hsu D, Celenti RS, Grbic JT & Lamster 1B (2004)
Gingival crevicular fluid levels of interleukin-1beta and glycemic control in patients with chronic
periodontitis and type 2 diabetes. Journal of Periodontology 75, 1203-1208. doi:10.1902/jop.
2004.75.9.1203. [PubMed: 15515334]

Ertugrul AS, Sahin H, Dikilitas A, Alpaslan N & Bozoglan A (2013) Comparison of CCL28,
interleukin-8, interleukin-1beta and tumor necrosis factor-alpha in subjects with gingivitis, chronic
periodontitis and generalized aggressive periodontitis. Journal of Periodontal Research 48, 44-51.
doi:10.1111/j.1600-0765.2012.01500.x. [PubMed: 22812409]

Falasca K, Vecchiet F, Ucciferri C, Vignale F, Conti P, Pizzigallo A, Piattelli A & Vecchiet J (2008)
Periodontitis and cytokine patterns in HIV positive patients. European Journal of Medical
Research 13, 163-168. [PubMed: 18504171]

Genco RJ, Grossi SG, Ho A, Nishimura F & Murayama Y (2005) A proposed model linking
inflammation to obesity, diabetes, and periodontal infections. Journal of Periodontology 76, 2075-
2084. doi:10.1902/jop.2005.76.11-S.2075.

Giannobile WV, Beikler T, Kinney JS, Ramseier CA, Morelli T & Wong DT (2009) Saliva as a
diagnostic tool for periodontal disease: current state and future directions. Periodontology 2000 50,
52-64. doi:10.1111/j.1600-0757.2008.00288.x.

Giorgi JV, Hultin LE, McKeating JA, Johnson TD, Owens B, Jacobson LP, Shih R, Lewis J, Wiley DJ,
Phair JP, Wolinsky SM & Detels R (1999) Shorter survival in advanced human immunodeficiency
virus type 1 infection is more closely associated with T lymphocyte activation than with plasma
virus burden or virus chemokine coreceptor usage. Journal of Infectious Diseases 179, 859-870.
doi:10.1086/314660. [PubMed: 10068581]

Heron SE & Elahi S (2017) HIV Infection and Compromised Mucosal Immunity: Oral Manifestations
and Systemic Inflammation. Frontiers in Immunology 8, 241. doi:10.3389/fimmu.2017.00241.
[PubMed: 28326084]

Huang CB, Alimova YV & Ebersole JL (2011) HIV-1 reactivation in HIV-latently infected dendritic
cells by oral microorganisms and LPS. Cellular Immunology 268, 105-111. doi:10.1016/
j.cellimm.2011.02.003. [PubMed: 21420664]

Huang CB, Emerson KA, Gonzalez OA & Ebersole JL (2009) Oral bacteria induce a differential
activation of human immunodeficiency virus-1 promoter in T cells, macrophages and dendritic
cells. Oral Microbiology and Immunology 24, 401-407. doi:10.1111/j.1399-302X.2009.00533.x.
[PubMed: 19702954]

Hunt PW, Cao HL, Muzoora C, Ssewanyana I, Bennett J, Emenyonu N, Kembabazi A, Neilands TB,
Bangsberg DR, Deeks SG & Martin JN (2011) Impact of CD8+ T-cell activation on CD4+ T-cell
recovery and mortality in HIV-infected Ugandans initiating antiretroviral therapy. Aids 25, 2123—
2131. doi:10.1097/QAD.0b013e32834c4acl. [PubMed: 21881481]

Hwang LY, Scott ME, Ma Y & Moscicki AB (2015) Diversity of Cervicovaginal Cytokine Response to
Incident Chlamydia trachomatis Infection Among a Prospective Cohort of Young Women.
American Journal of Reproductive Immunology 74, 228-236. doi:10.1111/aji.12401. [PubMed:
25989718]

Ka K, Rousseau MC, Tran SD, Kaartinen MT, Myneni VD, Henderson M & Nicolau B (2014)
Circulating undercarboxylated osteocalcin and gingival crevicular fluid tumour necrosis factor-
alpha in children. Journal of Clinical Periodontology 41, 467-472. doi:10.1111/jcpe.12232.
[PubMed: 24460774]

J Clin Perfodontol. Author manuscript; available in PMC 2020 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moscicki et al.

Page 12

Kido J, Nakamura T, Asahara Y, Sawa T, Kohri K & Nagata T (2001) Osteopontin in gingival
crevicular fluid. Journal of Periodontal Research 36, 328-333. [PubMed: 11585121]

Kinney JS, Morelli T, Oh M, Braun TM, Ramseier CA, Sugai JV & Giannobile WV (2014) Crevicular
fluid biomarkers and periodontal disease progression. Journal of Clinical Periodontology 41, 113—
120. doi:10.1111/jcpe.12194. [PubMed: 24303954]

Kunimatsu K, Mataki S, Tanaka H, Mine N, Kiyoki M, Hosoda K, Kato Y & Kato | (1993) A cross-
sectional study on osteocalcin levels in gingival crevicular fluid from periodontal patients. Journal
of Periodontology 64, 865-869. doi:10.1902/jop.1993.64.9.865. [PubMed: 8229623]

Leppilahti JM, Hernandez-Rios PA, Gamonal JA, Tervahartiala T, Brignardello-Petersen R, Mantyla P,
Sorsa T & Hernandez M (2014) Matrix metalloproteinases and myeloperoxidase in gingival
crevicular fluid provide site-specific diagnostic value for chronic periodontitis. Journal of Clinical
Periodontology 41, 348-356. doi:10.1111/jcpe.12223. [PubMed: 24382144]

Liu Z, Cumberland WG, Hultin LE, Kaplan AH, Detels R & Giorgi JV (1998) CD8+ T-lymphocyte
activation in HIV-1 disease reflects an aspect of pathogenesis distinct from viral burden and
immunodeficiency. Journal of Acquired Immune Deficiency Syndromes and Human Retrovirology
18, 332-340. [PubMed: 9704938]

Liu Z, Cumberland WG, Hultin LE, Prince HE, Detels R & Giorgi JV (1997) Elevated CD38 antigen
expression on CD8+ T cells is a stronger marker for the risk of chronic HIV disease progression to
AIDS and death in the Multicenter AIDS Cohort Study than CD4+ cell count, soluble immune
activation markers, or combinations of HLA-DR and CD38 expression. Journal of Acquired
Immune Deficiency Syndromes and Human Retrovirology 16, 83-92. [PubMed: 9358102]

Loe H & Silness J (1963) PERIODONTAL DISEASE IN PREGNANCY. I. PREVALENCE AND
SEVERITY. Acta Odontologica Scandinavica 21, 533-551. [PubMed: 14121956]

Manolagas SC (1995) Role of cytokines in bone resorption. Bone 17, 63s—67s. [PubMed: 8579900]

Marchetti G, Bellistri GM, Borghi E, Tincati C, Ferramosca S, La Francesca M, Morace G, Gori A &
Monforte AD (2008) Microbial translocation is associated with sustained failure in CD4+ T-cell
reconstitution in HIV-infected patients on long-term highly active antiretroviral therapy. Aids 22,
2035-2038. d0i:10.1097/QAD.0b013e3283112d29. [PubMed: 18784466]

Mellanen L, Salo T, Ingman T, Konttinen YT, Lahdevirta J & Sorsa T (1998) 72-kDa and 92-kDa
gelatinases in saliva of patients with human immunodeficiency virus infection. Acta Odontologica
Scandinavica 56, 135-142. [PubMed: 9688221]

Moscicki AB, Yao TJ, Ryder MI, Russell JS, Dominy SS, Patel K, McKenna M, Van Dyke RB, Seage
GR 3rd & Hazra R (2016) The Burden of Oral Disease among Perinatally HIV-Infected and HIV-
Exposed Uninfected Youth. PLoS One 11, e0156459. doi:10.1371/journal.pone.0156459.
[PubMed: 27299992]

Moutsopoulos NM & Madianos PN (2006) Low-grade inflammation in chronic infectious diseases:
paradigm of periodontal infections. Annals of the New York Academy of Sciences 1088, 251-264.
doi:10.1196/annals.1366.032. [PubMed: 17192571]

Nishanian P, Aziz N, Chung J, Detels R & Fahey JL (1998) Oral fluids as an alternative to serum for
measurement of markers of immune activation. Clinical and Diagnostic Laboratory Immunology
5, 507-512. [PubMed: 9665958]

Noack B, Genco RJ, Trevisan M, Grossi S, Zambon JJ & De Nardin E (2001) Periodontal infections
contribute to elevated systemic C-reactive protein level. Journal of Periodontology 72, 1221-1227.
d0i:10.1902/jop.2000.72.9.1221. [PubMed: 11577954]

Papapanou PN, Sanz M, Buduneli N, Dietrich T, Feres M, Fine DH, Flemmig TF, Garcia R,
Giannobile WV, Graziani F, Greenwell H, Herrera D, Kao RT, Kebschull M, Kinane DF,
Kirkwood KL, Kocher T, Kornman KS, Kumar PS, Loos BG, Machtei E, Meng H, Mombelli A,
Needleman I, Offenbacher S, Seymour GJ, Teles R & Tonetti MS (2018) Periodontitis: Consensus
report of workgroup 2 of the 2017 World Workshop on the Classification of Periodontal and Peri-
Implant Diseases and Conditions. Journal of Periodontology 89 Suppl 1, S173-s182. doi:10.1002/
jper.17-0721. [PubMed: 29926951]

Ranney RR (1991) Immunologic mechanisms of pathogenesis in periodontal diseases: an assessment.
Journal of Periodontal Research 26, 243-254. [PubMed: 1831846]

J Clin Perfodontol. Author manuscript; available in PMC 2020 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moscicki et al.

Page 13

Ryder MI, Nittayananta W, Coogan M, Greenspan D & Greenspan JS (2012) Periodontal disease in
HIV/AIDS. Periodontology 2000 60, 78-97. doi:10.1111/j.1600-0757.2012.00445.x.

Ryder MI, Yao TJ, Russell JS, Moscicki AB & Shiboski CH (2017) Prevalence of periodontal diseases
in a multicenter cohort of perinatally HIV-infected and HIV-exposed and uninfected youth. Journal
of Clinical Periodontology 44, 2-12. doi:10.1111/jcpe.12646. [PubMed: 27801947]

Scott ME, Shvetsov YB, Thompson PJ, Hernandez BY, Zhu X, Wilkens LR, Killeen J, Vo DD,
Moscicki AB & Goodman MT (2013) Cervical cytokines and clearance of incident human
papillomavirus infection: Hawaii HPV cohort study. International Journal of Cancer 133, 1187-
1196. doi:10.1002/ijc.28119. [PubMed: 23436563]

Socransky SS, Haffajee AD, Cugini MA, Smith C & Kent RL Jr. (1998) Microbial complexes in
subgingival plaque. Journal of Clinical Periodontology 25, 134-144. [PubMed: 9495612]

Sorsa T, Tjaderhane L, Konttinen YT, Lauhio A, Salo T, Lee HM, Golub LM, Brown DL & Mantyla P
(2006) Matrix metalloproteinases: contribution to pathogenesis, diagnosis and treatment of
periodontal inflammation. Annals of Medicine 38, 306-321. doi:10.1080/07853890600800103.
[PubMed: 16938801]

Souza PP, Brechter AB, Reis RI, Costa CA, Lundberg P & Lerner UH (2013) IL-4 and IL-13 inhibit
IL-1beta and TNF-alpha induced kinin B1 and B2 receptors through a STAT6-dependent
mechanism. British Journal of Pharmacology 169, 400-412. doi:10.1111/bph.12116. [PubMed:
23351078]

Tassiopoulos K, Moscicki AB, Mellins C, Kacanek D, Malee K, Allison S, Hazra R, Siberry GK,
Smith R, Paul M, Van Dyke RB & Seage GR 3rd (2013) Sexual risk behavior among youth with
perinatal HIV infection in the United States: predictors and implications for intervention
development. Clinical Infectious Diseases 56, 283-290. doi:10.1093/cid/cis816. [PubMed:
23139252]

Tomas I, Arias-Bujanda N, Alonso-Sampedro M, Casares-de-Cal MA, Sanchez-Sellero C, Suarez-
Quintanilla D & Balsa-Castro C (2017) Cytokine-based Predictive Models to Estimate the
Probability of Chronic Periodontitis: Development of Diagnostic Nomograms. Scientific Reports
7, 11580. doi:10.1038/s41598-017-06674-2. [PubMed: 28912468]

Tonetti MS, Greenwell H & Kornman KS (2018) Staging and grading of periodontitis: Framework and
proposal of a new classification and case definition. Journal of Periodontology 89 Suppl 1, S159—
s172. doi:10.1002/jper.18-0006. [PubMed: 29926952]

Vaidya SA, Korner C, Sirignano MN, Amero M, Bazner S, Rychert J, Allen TM, Rosenberg ES, Bosch
RJ & Altfeld M (2014) Tumor necrosis factor alpha is associated with viral control and early
disease progression in patients with HIV type 1 infection. The Journal of Infectious Diseases 210,
1042-1046. doi:10.1093/infdis/jiu206. [PubMed: 24688071]

Van Dyke RB, Patel K, Siberry GK, Burchett SK, Spector SA, Chernoff MC, Read JS, Mofenson LM
& Seage GR 3rd (2011) Antiretroviral treatment of US children with perinatally acquired HIV
infection: temporal changes in therapy between 1991 and 2009 and predictors of immunologic and
virologic outcomes. Journal of Acquired Immune Deficiency Syndromes 57, 165-173. doi:
10.1097/QA1.0b013e318215c7b1. [PubMed: 21407086]

Vujkovic-Cvijin I, Dunham RM, lwai S, Maher MC, Albright RG, Broadhurst MJ, Hernandez RD,
Lederman MM, Huang Y, Somsouk M, Deeks SG, Hunt PW, Lynch SV & McCune JM (2013)
Dysbiosis of the gut microbiota is associated with HIV disease progression and tryptophan
catabolism. Science Translational Medicine 5, 193ra191. doi:10.1126/scitransImed.3006438.

Wang GP (2015) Defining functional signatures of dysbiosis in periodontitis progression. Genome
Medicine 7, 40. doi:10.1186/s13073-015-0165-z. [PubMed: 25926890]

Wei SH & Lang KP (1981) Periodontal epidemiological indices for children and adolescents: 1.
Gingival and periodontal health assessments. Journal of Pediatric Dentistry 3, 353-360. [PubMed:
6952173]

Williams B, Livak B, Bahk M, Keating SM & Adeyemi OM (2016) Short Communication: SCD14 and
SCD163 Levels Are Correlated with VACS Index Scores: Initial Data from the Blunted Immune
Recovery in CORE Patients with HIV (BIRCH) Cohort. AIDS Research and Human Retroviruses
32, 144-147. doi:10.1089/aid.2015.0012. [PubMed: 26366931]

Xu H, Wang X & Veazey RS (2013) Mucosal immunology of HIV infection. Immunological Reviews
254, 10-33. d0i:10.1111/imr.12072. [PubMed: 23772612]

J Clin Perfodontol. Author manuscript; available in PMC 2020 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Moscicki et al.

Page 14

Clinical Relevance

Scientific Rationale for Study: Adults with HIV are at risk for significant periodontal
disease which can lead to tooth loss as well as HIV progression. Little is known about
periodontal inflammation in perinatally HIV-infected youth (PHIV).

Principal findings: Among PHIV youth, we found associations between clinical signs of
periodontal inflammation and oral inflammation biomarkers that are associated with
progression of periodontal disease in studies among adults. Elevation of these oral
biomarkers was associated with systemic immune activation, a marker of HIV
progression.

Practical implications: Detection of biomarkers of periodontal inflammation in PHIV
youth suggest close dental follow-up using clinical and radiographic testing is needed in
these youth.
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Med (IQR)

9.75E-01 ( 3.6E-01, 2.4E+00)
3.56E+00 ( 7.4E-01, 1.0E+01)

2.50E-01 ( 1.5E-01, 4.6E-01)
3.10E-01 ( 2.3E-01, 5.7E-01)

9.69E+01 (5.9E+01, 1.9E+02)
1.20E+02 ( 6.9E+01, 1.8E+02)

8.50E-01 ( 1.2E-01, 2.3E+00)
1.71E+00 ( 8.8E-01, 2.4E+00)

6.00E-02 ( 1.0E-02, 1.2E-01)
1.40E-01 ( 1.0E-02, 2.1E-01)
5.00E-02 ( 1.5E-02, 1.4E-01)
1.85E-01 ( 1.0E-01, 2.9E-01)

3.60E-01 ( 1.2E-01, 6.8E-01)
4.15E-01 ( 2.5E-01, 7.8E-01)

1.00E-01 ( 1.0E-02, 2.4E-01)
2.65E-01 ( 6.0E-02, 4.9E-01)

1.42E+04 ( 1.0E+04, 2.2E+04)
1.30E+04 ( 1.0E+04, 1.9E+04)

9.55E+02 (5.1E+01, 1.5E+03)
8.39E+02 (5.2E+02, 1.3E+03)

2.79E+00 ( 1.4E+00, 4.8E+00)
3.76E+00 ( 3.4E+00, 5.7E+00)

4.98E+01 (2.9E+01, 7.8E+01)
4.98E+01 (2.9E+01, 9.9E+01)

3.03E+04 ( 1.9E+04, 5.0E+04)
5.27E+04 (3.1E+04, 9.9E+04)

1.31E+05 (8.1E+04, 1.9E+05)
1.90E+05 ( 1.3E+05, 2.7E+05)

3.74E+01 (4.6E+00, 2.2E+02)
4.48E+02 (6.7E+01, 1.2E+03)

9.70E+00 (4.5E+00, 2.3E+01)
1.99E+01 ( 8.6E+00, 3.3E+01)

3.76E+01 ( 2.0E+01, 4.7E+01)
4.54E+01 (3.2E+01, 7.2E+01)

4.63E+01 (2.0E+01, 1.1E+02)
7.45E+01 (2.8E+01, 1.7E+02)

Concentration Median and IQR (pg/mL, Logged and Centralized To 'Neither' Median)

The concentration (pg/mL) of each cytokine among PHIV participants, measured in the
pooled sample from the two gingival crevicular fluid collection sites, is displayed on the
right. Concentrations are shown separately for participants with a Gingival Index (GI)
greater than or equal to 2 at neither collection site, and at one/both collection sites; an ‘X’ in
the P column indicates a p-value <0.05 when the two groups were compared by a Wilcoxon
test. In the left panel, the median and interquartile range have been logged and centralized to
the “neither’ median; the plotted values therefore represent the difference on the log scale
relative to the median of the “neither’ group. IL, interleukin; TNF, tumor necrosis factor;
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INF, interferon; MIP, Macrophage Inflammatory Protein; MMP, matrix metalloproteinase;
pyridinoline cross-linked carboxyterminal telopeptide of type I collagen CTXI.
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Med (IQR)
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Figure 2: Bleeding on Probing

The concentration (pg/mL) of each cytokine among PHIV participants, measured in the
pooled sample from the two gingival crevicular fluid collection sites, is displayed on the
right. Concentrations are shown separately for participants with bleeding on probing (BOP)
at neither collection site, and at one/both collection sites; an ‘X’ in the P column indicates a
p-value <0.05 when the two groups were compared by a Wilcoxon test. In the left panel, the
median and interquartile range have been logged and centralized to the ‘neither’ median; the
plotted values therefore represent the difference on the log scale relative to the median of the
‘neither” group. . IL, interleukin; TNF, tumor necrosis factor; INF, interferon; MIP,
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Macrophage Inflammatory Protein; MMP, matrix metalloproteinase; pyridinoline cross-
linked carboxyterminal telopeptide of type I collagen CTXI.
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Demographic characteristics among perinatally HIV-infected (PHIV) and perinatally HIV-exposed but
uninfected (PHEU) youth from whom we collected gingival crevicular fluid cytokine measures, by HIV

infection status.

Table 1:

Cohort
PHIV PHEU Total
(N=129) (N=71) (N=200)  P-Value

Age at Visit, years, mean (SD) 16.94 (2.69) 14.75(2.48) 16.17 (2.81) <001”
Age Category, years 10to <14 22 (17%) 29 (41%) 51 (26%) <001
No. (%) 14t0<17 39 (30%) 30 (42%) 69 (35%)

17t0<19 34 (26%) 8 (11%) 42 (21%)

19+ 34 (26%) 4 (6%) 38 (19%)
Male: No. (%) 65(50%)  37(52%) 102 (51%) ogg3**
Black: No. (%) 90 (70%) 40 (56%) 130 (65%) 0.064™*
Hispanic: No. (%) 37 (29%) 37 (52%) 74(37%) o001
Maximum Tanner Stage 1 1 (1%) 2 (3%) 3 (2%) 0.013™*
No. (%) 2 3 (2%) 8 (11%) 11 (6%)

3 10 (8%) 7 (10%) 17 (9%)

4 24 (19%) 18 (25%) 42 (21%)

5 91 (71%) 36 (51%) 127 (64%)
Caregiver Income <$20,001, No. (%) 50 (40%) 45 (63%) 95 (49%) 0.003™*

Missing 5 0 5

*
Wilcoxon Test

Hok

Fisher's Exact Test

SD, standard deviation
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Table 2:

Periodontal outcomes by HIV infection status.

PHIV PHEU Total
(N=129) (N=71) (N=200)  P-Value

Periodontal Measureb at GCF Collection Sites®

Gl =2 Neither

No. (%) One/Both

98 (77%) 52 (74%) 150 (76%) *

30 (23%) 18 (26%) 48 (24%)

Missing 1 1 2
BOP Neither 69 (54%) 42 (60%) 111 (56%) 0.46 *
No. (%) One/Both 59 (46%) 28 (40%) 87 (44%)
Missing 1 1 2
Periodontal Measure of Entire Mouth
% BOP  Median 15% 16% 16% 0.68 **
(Q1,Q3)  (10%,26%) (8%,26) (9%,26%)
Average  Median 0.93 0.88 0.90 080 e
PI (Q1,Q3) (0.52,1.24) (0.60,1.27) (0.54,1.26)

*
Fisher's Exact Test,

Ak
Wilcoxon Rank-Sum Test

Gl, gingival index, BOP, bleeding on probing, PI, plague index

Page 20

aGingivaI crevicular fluid (GCF) was collected from the mesial buccal aspect of the first permanent upper right and lower left molars. If the first
permanent molar was not presented or only partially erupted, then the sample was collected from the mesial site from the first erupted tooth mesial
to the first permanent molar site.

b . . . .
Neither denotes that neither of the GCF samples were obtained at sites that had GI =2 or BOP. One/Both denotes that one or both GCF samples
were obtained at sites that had Gl =22 or BOP. Missing denotes that BOP and Gl information were missing in these two specific sampling sites.
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