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Background: Microbial translocation (MT) is a characteristic of human immunodeficiency virus (HIV) infection. Whether MT is also
a biomarker of different immune responses to antiretroviral therapy (ART) received by people living with HIV (PLWH) is not known.
Methods: We examined the presence of MT in a cohort of 33 HIV-infected immunological responders (IRs) and 28 immunological
non-responders (INRs) (=500 and <200 cluster of differentiation (CD)4+ T-cell counts/uL after 2 years of HIV-1 suppression,
respectively) with no comorbidities. Plasma samples were used to measure the circulating levels of MT markers. All enrolled study
participants had received 2 years of viral-suppression therapy.

Results: Levels of lipopolysaccharide (P = 0.0185), LPS-binding protein (P < 0.0001), soluble-CD14 (P < 0.0001), and endogenous
endotoxin-core antibody (P < 0.0001) at baseline were significantly higher in INRs than in IRs and were associated with an increased
risk of an immunological non-response, whereas the level of intestinal fatty acid-binding protein did not show this association.
Analysis of receiver operating characteristic (ROC) curves demonstrated the utility of these individual microbial markers in
discriminating INRs after ART in people living with HIV with high sensitivity, specificity, and area under the ROC curve.
Conclusion: INRs in HIV infection are characterized by increased MT at baseline. These markers could be used as a rapid prognostic
tool for predicting immune responses in people infected with the HIV.
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Introduction
Microbial translocation (MT), with resultant endotoxemia, typically results from intestinal dysbiosis and increased intestinal
permeability, which leads to translocation of microbial products into the circulation.'* MT has also been described as
a prominent feature of human immunodeficiency virus (HIV) infection.>* Activation of the immune system due to MT is
a significant feature of HIV infection.” Markers of activation of the innate immune system comprise circulating microbial
products, such as lipopolysaccharide (LPS), LPS-binding protein (LBP), soluble cluster of differentiation (sCD)14, and
endogenous endotoxin-core antibody (EndoCAb).? Studies have demonstrated an increase in the level of these markers in
several types of infections, including colorectal cancer” and parasitic infections.®’

HIV infection has become a manageable chronic disease thanks to antiretroviral therapy (ART), but the extent of
immunological recovery varies greatly between individuals. Even under long-term suppressive ART, approximately 20% of

people living with HIV (PLWH) fail to restore CD4+ T-cell counts to levels similar to those of healthy volunteers (HVs), and
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an increased prevalence of complications, morbidity, and mortality is observed among these patients.® PLWH who fail to
achieve normalization of CD4+ T-cell counts despite persistent virological suppression are considered to be “immunological
non-responders” (INRs), who differ from “immunological responders” (IRs).* INRs are defined as patients with absolute
CD4+ T-cell count <200 cells/pL after years of ART. IRs are defined as patients with CD4+ T-cell count >500 cells/uL after
receiving ART for years.”'°

Being an INR increases the susceptibility to opportunistic infections, which can lead to a higher risk of death than that
for IRs with a restored CD4+ T-cell count.'' Opportunistic infections are common in INRs, and the incidence rate and
mortality are also high. Therefore, biomarkers that predict different immune responses during the initial treatment phase
could immensely advance clinical prognosis.

We hypothesize that enhanced systemic inflammation at baseline is an important factor contributing to the different
immune responses in PLWH receiving ART. To test this hypothesis, we measured levels of MT markers at baseline in
a cohort of individuals suffering from HIV in Hangzhou (China). Our findings reveal levels of MT markers at baseline to
be predictors of immune status in HIV-1 infection.

Methods

Study Population

Sixty-one PLWH who were diagnosed by the Disease Control and Prevention Center of Zhejiang Province (33 IRs and
28 INRs) were recruited from the HIV clinic of the First Affiliated Hospital of Zhejiang University (Zhejiang, China)
from November 2020 to October 2022. All individuals had started ART during the chronic phase of HIV infection. In the
present study, IR and INR were defined as patients with an average of the last two CD4+ T-cell counts/uL >500 or <200
after 2 years of receiving complete viral-suppression therapy, respectively.

We excluded candidates with either of the following: (i) Age < 18 years; (ii) Showing the symptoms of an opportunistic
infection; (iii) Infected with the hepatitis-B virus or hepatitis-C virus; (iv) Use of antibiotics, an immunosuppressive
regimen, probiotics, prebiotics, or symbiotics in the previous 6 months; (v) Body mass index (BMI) >30 kg/m?.

Plasma specimens were prepared from the venous blood, 8 mL of blood was drawn into an EDTA collection tube.
Within 3 hours of collection, well-mixed blood per subject was centrifuged at 3000 g for 10 minutes. Following
centrifugation, plasma was collected and stored at —80°C until further analysis.

MT Markers

Plasma samples may contain endotoxin-inhibiting compounds. Therefore, to inactivate plasma proteins, plasma samples
were heated to 75°C for 5 min. Commercially available (Quanzhou Ruixin Biotechnology, Fujian, China) enzyme-linked
immunosorbent assay kits were used to measure plasma levels of LPS, LBP, sCD14, intestinal fatty acid-binding protein
(iFABP), and EndoCAb.

Statistical Analyses

Geometric mean (GM) values were used for measurements of central tendency. Differences between the INR group and IR
group were analyzed using the Mann—Whitney test with Holm’s correction for multiple comparisons. Receiver operator
characteristic (ROC) curves were designed to test the power of each biomarker. Analyses were undertaken using MedCalc
20.100 (www.medcalc.org/). P < 0.05 was considered significant. A classification and regression tree (CART) model was
employed to identify the cutoff for the levels of biomarkers which could distinguish HIV-infected INRs and IRs after ART.
The analysis was done using R 4.1.2 (Institute for Statistical Computing, Vienna, Austria).

Results

Clinical Characteristics

The demographic and clinical characteristics of 33 IRs and 28 INRs are shown in Table 1. The median age of the study
cohort was 43.5 (interquartile range [IQR] 33.75-55.75) years for the INR group and 42 (IQR 35-45) years for the IR
group. There were no significant differences in age, BMI, or prevalence of tobacco smoking between the two groups
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Table | Clinical Characteristics of the Study Cohort

HIV(+) Cases P

Immunological Immunological

Responders Non-Responders
Number of patients 33 28
Male/female 33/0 2711 0.46
Age, median (IQR) 42 (3545) 43.5 (33.75-55.75) 0.51
BMI, median (IQR) 21.71 (21.08-22.09) 21.36 (20.89-21.95) 0.27
Smokers (number) 0 | 0.46
Nadir CD4 + T cell count, median (IQR) 301 (219-333) 122.5 (84-146.25) <0.0001
Current CD4 + T cell count, median (IQR) 534 (429.5-688.75) 79 (39-145) <0.0001
Current CD4 + /CD8 + T-cell ratio 1.01 (0.82-1.24) 0.24 (0.11-0.40) <0.0001
HIV RNA ND ND
Transmission type (number)
MSW/MSM 7126 6/22 0.99
ART months, median (IQR) 72 (46-89) 42 (24-104.5) 0.28

Abbreviations: HIV, human immunodeficiency virus; ART, highly active antiretroviral therapy; IQR, interquartile range; BMI, body mass index;
ND, not detected; MSW, men who have sex with women; MSM, men who have sex with men.

(Table 1). There were no differences in the duration in starting ART between the two groups. Nadir and current CD4+
T cell counts are significantly higher in the IR group than the INR group. As expected, the amount of the CD4/CD8 ratio
in the INR group is lower than those in the IR group (P < 0.001). The HIV RNA load was undetectable (<20 copies/mL)

in all samples from patients.

HIV-Infected INRs Were Characterized by Increased Levels of MT Markers

We wished to assess MT at baseline in HIV-infected INRs and IRs, so we measured levels of MT markers at baseline
(pre-treatment). Levels of LPS (GM of 187.3 ng/L in INRs versus 170.3 ng/L in IRs), LBP (GM of 37,424 umol/L in
INRs versus 24,821 pumol/L in IRs), sCD14 (GM of 22.03 ng/mL in INRs versus 10.29 ng/mL in IRs), and EndoCAb
(GM of 432.1 MMU/L in INRs versus 326.6 MMUY/L in IRs) were significantly higher in INRs compared with those in
IRs (Figure 1). However, a significant difference in the iFABP level was not seen. Thus, HIV-infected INRs were
associated with increased levels of MT markers at baseline.

Biomarkers Used to Discriminate INRs from IRs After ART in PLWH

A CART model was employed to identify the cutoff of the levels of biomarkers which could be used to distinguish HIV-
infected INRs from IRs after ART. As the input for tree construction, we used data on all markers and selected the most
relevant biomarker that classified the group more accurately (Figure 2). Briefly, the dataset formed a “parent node”,
which contained the whole population. The best peak to separate the dataset was selected. LPS (cutoff = 164 ng/L; area
under the curve (AUC) = 0.682), LBP (<373 umol/L; 0.876), sCD14 (<11 ng/mL; 0.883), and EndoCAb (257 MMU/L;
0.800) could be employed to distinguish HIV-infected INRs from IRs (Figure 2). However, the level of I-FABP (cutoff =
2712 pg/mL; AUC = 0.601) could not be used to distinguish HIV-infected INRs from IRs. Analysis of the CART model
demonstrated that levels of LPS, LBP, and sCD14 (especially LBP) could be sensitive prognostic biomarkers to identify
HIV-infected INRs.

HIV-Infected INRs Carry a “Signature” of MT Markers

We wondered if we could utilize MT markers to predict INRs versus IRs. Hence, we carried out analysis of ROC curves
on levels of MT markers. LPS (sensitivity = 75%; specificity = 64.29%; AUC = 0.682), LBP (92.86%; 85.71%,; 0.876),
sCD14 (100%; 82.14%; 0.883), and EndoCAD (82.14%; 78.79%; 0.800) showed significantly high AUC, sensitivity, and
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Figure | Increased plasma levels of microbial translocation (MT) markers at baseline. Plasma levels of the MT markers LPS, sCD 14, I-FABP, LBP, and EndoCAb, were measured in
33 HIV-infected immunological responders (IRs) and 28 immunological non-responders (INRs). Data are represented as scatter plots with each circle representing a single
individual. P-values were calculated using the Mann—Whitney test with Holm’s correction for multiple comparisons. The Y-axis has been placed in a log2 scale.

Abbreviations: |-FABP, intestinal fatty acid-binding protein; LBP, lipopolysaccharide-binding protein; LPS, lipopolysaccharide.

specificity (especially LBP) (Figure 3). However, I-FABP (sensitivity = 92.86%; specificity = 33.33%; AUC = 0.601) did
not allow discrimination between groups.

Taken together, these data strongly suggested that measurement of the level of at least two biomarkers before
treatment could help to predict HIV-infected INRs in our study cohort.

Discussion
The hallmark of HIV/AIDS, in the context of uncontrolled HIV-1 replication, is progressive depletion of CD4+ T cells.
Direct viral cytopathic effects, apoptosis, immune-mediated lysis, and pyroptosis are among the mechanisms evoked to
explain such depletion.'? Irrespective of the specific role of each of these mechanisms, evidence suggests that ART could
reduce viral replication significantly in PLWH, increase the CD4+ T-cell count, and reconstruct immune functions.'
However, INRs represent a special population with poor outcomes, with no obvious recovery of the CD4 count following
stable ART. Such suboptimal recovery of the CD4+ T-cell count has been demonstrated to be associated with
a substantial increase in the risk of acquired immunodeficiency syndrome (AIDS)-related and non-AIDS-related
morbidity and death. Hence, investigating the underlying mechanisms of INRs and developing relevant interventions
are rational approaches.'*

Several factors are related to the failure of reconstitution of the immune system in PLWH. Compared with the IRs, the
morbidity and mortality of non-AIDS-related diseases (eg, cardiovascular disease, non-AIDS-related tumors, and HIV-
related neurocognitive disorders) significantly increased in INRs.'>'” Therefore, early prediction or diagnostic

3874

Infection and Drug Resistance 2023:16
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Tian et al

LPS LBP sCD14

LPS >= 164 LBP >= 373 sCD14 >=11
=\

Outcome Outcome T
I INR [ INR utcome
W R ] INR
IR
R (=) Ol

I-FABP EndoCAb

I-FABP < 2712 EndoCab < 257
/

Outcome Outcome
] INR ] INR
0 r R

Figure 2 Identification of biomarkers showing the strongest associations with HIV-infected INRs. Analysis of a CART model shows that the MT markers LPS, sCD |4, |-FABP,
LBP, and EndoCAb exhibited the highest accuracy in helping to discriminate HIV-infected INRs from IRs after ART.
Abbreviations: |-FABP, intestinal fatty acid-binding protein; LBP, lipopolysaccharide-binding protein; LPS, lipopolysaccharide.
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Figure 3 Analysis of ROC curves to estimate the discriminatory power of MT markers in HIV-infected INRs. Analysis of ROC curves were undertaken to estimate the
sensitivity, specificity, and AUC of LPS, sCD 4, I-FABP, LBP, and EndoCAb to distinguish individuals HIV-infected INRs from IRs.

Abbreviations: AUC, area under the receiver operating characteristic curve; I-FABP, intestinal fatty acid-binding protein; LBP, lipopolysaccharide-binding protein; LPS,
lipopolysaccharide; ROC, receiver operating characteristic.
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biomarkers of INR should be explored urgently to provide a foundation for clinical diagnosis, and the prevention and
treatment of patients’ clinical diseases. Several studies have revealed the spectrum of immune-system biomarkers of HIV
infection.™'® However, few reports have focused on the biomarkers in HIV-infected INRs. Therefore, searching for
a marker associated with poor reconstitution of the immune system is important to improve the prognosis for HIV-
1-infected patients.

We investigated whether levels of MT markers could be used to differentiate between HIV-infected INRs and IRs. We
found that levels of MT markers such as LPS, sCD14, LBP, and EndoCAb were (i) associated with an increased risk of
HIV-infected INRs; (ii) unique correlates of risk that could serve as predictors of unfavorable treatment at baseline before
initiation of ART.

Translocation of bacterial products results in an increased level of LPS in the circulation without leading to overt
bacteremia.'® During chronic infectious diseases, the pro-inflammatory response may disrupt the integrity of the mucosal
barrier and result in the translocation of gastrointestinal bacteria, thereby leading to an increased circulating level of
LPS.?® A recent study showed that an increased circulating level of LPS differed in INRs compared with that in IRs and
HVs.?! sCD14 is one of the main elements of the innate immune system. It functions as a coreceptor for bacterial LPS
and is present in membrane-bound and soluble forms.*? Few studies have reported that the systemic level of sCD14 is
increased notably in INRs compared with that in HVs.>' LBP is an acute-phase reactant that facilitates immune responses
triggered by microbial products.> ToVinh et al reported an increased plasma level of LBP in PLWH, thereby indicating
that translocation of microbial products is associated with chronic activation of the immune system.'® LBP is an acute-
phase serum protein that regulates the LPS-induced immune response, and also enhances the inflammatory response to
LPS.** EndoCAD is used as an alternate measure of the circulating level of LPS. The iFABP level may also suggest
disruption in epithelial integrity associated with chronic intestinal infections.”> We did not observe significant alteration
in the circulating level of iIFABP in HIV-infected INRs versus IRs.

Our findings indicate that levels of LPS, LBP, sCD14, and EndoCAb could be good prognostic biomarkers for
monitoring of HIV treatment which, in turn, would help with clinical decision-making by identifying patients who
respond favorably to ART. Hence, these microbial markers of the response of the immune system act as unique correlates
of risk that could function as predictors of adverse treatment outcomes at baseline. Our study has several limitations. The
low number of participants caused limitations to the explanation of our findings. Furthermore, since the fecal microbiome
plays an important role in modulating the systemic immune system, the microbiome differences could be a driving factor
for microbial translocation between the INR group and IR group. There should be more studies on identifying bacterial
pathways and the resulting metabolites that promote microbial translocation. Bearing these limitations in mind, our
results should be interpreted with caution.

Our study delivered encouraging results to unravel the effect of unique prognostic disease biomarkers in patients with
HIV infection. Validation of these findings in other cohorts and other populations outside of China could aid development

of a simple point-of-care rapid diagnostic test for patients with HIV infection.
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