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ABSTRACT 

Objective: To study gut microbiota before and 24 weeks after a single antiretroviral agent 
switch.   

Design: HIV-positive subjects with efavirenz (EFV) or a protease inhibitor (PI) based 
antiretroviral therapy (ART) were randomized to switch EFV or PI to raltegravir (RAL 
group, n=19) or to continue unchanged ART (EFV/PI group, n=22). Age and weight matched 
HIV-negative subjects (n=10) were included for comparison.  

Methods: Microbiota was analyzed using 16S rRNA sequencing.  Serum intestinal fatty acid 
binding protein (I-FABP) and serum lipopolysaccharide-binding protein (LBP) were 
measured as gut permeability markers.  Three-day food diaries were collected.  

Results: At week 24, microbiota diversity (Chao1 index) was higher in RAL than EFV/PI 
group (p=0.014), and RAL group did not differ from HIV-negative subjects. In subgroup 
analysis switching from EFV (p=0.043), but not from a PI to RAL increased Chao1. At week 
24, RAL and EFV/PI group differed in the relative abundance of Prevotella 9 (higher in 
RAL, p=0.01), Phascolarctobacterium and Bacteroides (lower in RAL, p=0.01 and p=0.03). 
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Dietary intakes did not change during the study and do not explain microbiota differences. 
Also, I-FABP and LBP remained unchanged. 

Conclusions: Here we demonstrate that a single ART agent switch caused microbiota 
alterations, most importantly, an increase in diversity with EFV to RAL switch. Previously 
we reported weight gain, yet reduced inflammation in this cohort. The observed microbiota 
differences between RAL and EFV/PI groups may be associated with reduced inflammation 
and/or increase in weight. Further studies are needed to evaluate inflammatory and metabolic 
capacity of microbiota with ART switches.  

 

INTRODUCTION 

Human gastrointestinal tract is inhabited by a diverse collection of microbes, which are 
collectively known as the gut microbiota. The interplay between these microbes and the host 
is complex and a shift in their homeostasis due to various triggers, including HIV infection or 
dietary habits, may lead to unfavourable health outcomes [1, 2].  

Gut microbiota dysbiosis is characterized by low bacterial diversity as well as compositional 
alterations.. The disruption of gut barrier function is frequently associated with dysbiosis, 
allowing translocation of microbial products into the systemic circulation, thus leading to low 
grade systemic inflammation [3]. This may eventually facilitate the development of metabolic 
and cardiovascular comorbidities [2, 4]. Dysbiotic microbiota can also affect the body 
weight, by for instance altering the gut satiety hormone secretion as well as energy harvest 
and fat storage [5]. In obesity, the altered microbiota is shown to facilitate energy harvest not 
only for further microbial growth but also to the host [5].  

HIV-infection and antiretroviral therapy (ART) have been associated with an increased 
prevalence of several metabolic abnormalities and systemic inflammation [6]. However, the 
potential role of gut microbiota on these complications is incompletely known. HIV-infection 
itself has been associated with dysbiotic changes at an early stage of the infection [7]  and 
ART initiation in ART-naïve subjects does not fully restore these alterations [1].  

During recent years, the use of integrase inhibitors (INSTI) has been associated with 
increased weight gain [8].  The effect of ART, especially INSTIs, on gut microbiota is known 
poorly. In a cross-sectional study,, people living with HIV (PLWH), and receiving INSTI 
raltegravir (RAL) based ART regimen had microbiota diversity similar to that of HIV-
negative subjects as opposed to those treated with a protease inhibitor (PI) or a non-
nucleoside reverse transcriptase inhibitor (NNRTI) based ART regimen who had reduced gut 
microbiota diversity [9]. Yet, no study has evaluated the effect of an ART switch on the gut 
microbiota among virologically suppressed patients.   

Previously, we reported weight gain and increase in body fat and subcutaneous adipose tissue 
volume when switching from efavirenz (EFV) or a PI to RAL in PLWH with good 
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virological response [10]. Regardless of weight gain, liver fat content and visceral adipose 
tissue volume remained unchanged, while circulating lipids and inflammatory markers 
improved in subjects who switched to RAL as compared to those who continued unchanged 
ART [10].  

In this study, we hypothesized that switching from EFV or a PI to RAL leads to changes in 
gut microbiota diversity and composition. We also determined the effect of this ART switch 
on the markers of intestinal permeability and microbial translocation into the bloodstream. 
Furthermore, we compared the gut microbiota of PLWH with that of HIV-negative subjects 
with similar demographics including overweight or obesity.  

METHODS 

Study subjects 

Adult HIV-positive subjects with ongoing EFV- or a PI-based ART regimen and with body 
mass index (BMI) >25kg/m2 together with at least one metabolic syndrome component or 
with radiologically confirmed fatty liver were invited to participate in a randomized, 
controlled study to evaluate the effect of switching EFV or a PI to RAL on liver fat, body 
composition and on gut microbiota. The changes in liver fat and body composition were  
reported previously  [10]. Briefly, 45 participants stratified by gender and ART class, were 
randomized 1:1 to switch EFV or a PI to RAL 1200 mg once daily with no other changes in 
the ART (RAL group), or to continue the unchanged EFV- or PI -containing regimen 
(EFV/PI group); patient disposition is shown in Supplementary  Figure 1, 
http://links.lww.com/QAD/C701. Eventually, 41 subjects participated in the microbiota 
study. We additionally included ten HIV-negative subjects matched for BMI and age for the 
comparison of gut microbiota with HIV-positive subjects. 

Assessments 

For the HIV-positive subjects, all study assessments including laboratory and imaging studies 
were performed at baseline and at week 24. Three-day food diaries were collected at baseline 
and at week 24 for the HIV-positive subjects and at one timepoint for HIV-negative controls. 
A registered dietitian analyzed the food intakes with Aivodiet nutrient calculation program 
(v. 2.2.0.1., AivoFinland Oy, Finland). 

Laboratory analysis of the HIV-positive subjects included serum vitamin D concentration and 
fecal calprotectin  using standard methods. Serum intestinal fatty acid binding protein (I-
FABP) and serum lipopolysaccharide binding protein (LBP) were measured by enzyme-
linked immunosorbent assay (Human FABP2/I-FABP, Quantikine ELISA, R&D systems,  
USA and Invitrogen Human LBP ELISA, Thermo Fisher, USA).   
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Stool sample Collection and Processing 

Study subjects collected stool into standardized samplingtubes, which were frozen at -80 C 
within 24 hours of collection. The history of antibiotic use during the 3 months preceding 
stool sample collection was recorded. Eventually, 41 HIV-positive subjects gave a  sample at 
baseline and 37 HIV-positive subjects at week 24. HIV-negative subjects gave a sample only 
at one timepoint. 

DNA extraction and sequencing 

Fecal DNA was extracted as described previously [11]..  DNA concentrations were measured 
with Quant-iT™ dsDNA Assay High Sensitivity (HS) kit (Invitrogen, Thermo Fisher 
Scientific, USA). Microbiota profiling was conducted by the 16S rRNA gene amplicon 
sequencing (MiSeq, Illumina, USA) with primers targeting V3-V4 hypervariable region [12].   
Phusion High-Fidelity PCR Master Mix with HF Buffer (Thermo Fisher Scientific) and 
primers S-D-Bact-0341-b-S-17 5‘-CCTACGGGNGGCWGCAG-3’and reverse S-D-Bact-
0785-a-A-21 5‘-GACTACHVGGGTATCTAATCC-3’ were used for PCR with the  
following program: 98 °C for 1 minute, 40 cycles of 98 °C for 10 seconds, 64 °C for 40 
seconds and 72 °C for 40 seconds, 72 °C for 10 min. Nine samples that didn´t work in the 
one-step PCR were run with 2-step program, where 16S primers were used in the first PCR 
(45 cycles) and index primers in the second PCR (25 cycles) with the PCR products from the 
first step as a template. After PCR purification, and mixing into a library pool,  sequencing 
was done in the Finnish Institute for Molecular Medicine, Univ. Helsinki, Finland.  

The 16S rRNA gene sequences were quality-filtered and clustered to operational taxonomic 
units (OTUs) at the 97% similarity using CLC Microbial Genomics Package (Qiagen, Hilden, 
Germany). The rRNA gene sequences were classified using SILVA SSU Ref database (v132, 
99%).  

Statistical analysis 

The statistical analyses were performed with CLC Microbial Genomics Package and IBM 
SPSS Statistics v26 for Windows (SPSS, Chicago, IL, USA). The taxonomic differences 
between the groups were analyzed with ANOVA-like comparison in CLC Microbial 
Genomics Package, followed by Benjamini-Hochberg correction for multiple testing. The 
taxonomic differences between the time points were analyzed with Wilcoxon signed rank test 
in SPSS, followed by Benjamini-Hochberg correction for multiple testing. In group and time 
point comparisons, the statistical significance was set at p < 0.05 after the multiple testing 
corrections. 

To estimate alpha-diversity, Chao1 and Shannon indices were determined. Chao1 is an 
estimator based on abundance indicating the number of species living in a habitat i.e. species 
richness. Shannon index takes into account both the species richness and their relative 
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abundance (evenness). Bray Curtis distance was used to determine inter-individual species 
diversity of the gut microbiota.  

Ethical considerations 

The study was approved by the ethics committee of Helsinki University Hospital and the 
ART switch part also by the Finnish Medicines Agency. The switch study is registered at the 
European Clinical Trials Database (EudraCT 2017-003430-85) and in ClinicalTrials.gov 
(NCT03374358). The overall study was conducted in compliance with the principles of the 
Declaration of Helsinki and Good Clinical Practice guidelines. All study subjects provided a 
written informed consent. 

RESULTS  

A total of 41 HIV-positive and ten HIV-negative subjects participated in the microbiota 
study. The study groups did not differ significantly with respect to baseline clinical 
characteristics (Table 1).  

All HIV-positive participants had plasma HIV-1 RNA less than 50 copies per mL at baseline. 
CD4 counts were also similar between the groups (Table 1). At week 24, the median CD4 
count was 719 (538-848) cells/µL in RAL group and 793 (572-1020) cells/µL in EFV/PI 
group, p=0.4.  

None of the subjects had consumed antibiotics within three months before stool sample 
collections. There were no changes in diet, i.e., in caloric intake, or in carbohydrate, protein, 
fat or  fibre intake between baseline and week 24 visits in HIV-positive group and the caloric 
and main nutrient intakes did not differ between HIV-positive and HIV-negative subjects 
(Supplementary table 1, http://links.lww.com/QAD/C704). 

Gut microbiota at baseline 

When all HIV-positive participants were compared to HIV-negative subjects, no differences 
were found in Bray Curtis distance (i.e., inter-individual species diversity of the gut 
microbiota) or alpha-diversity measures (Chao1 i.e., species richness and Shannon i.e., 
species diversity), or in gut microbiota composition (data not shown). However, according to 
Bray Curtis distance and PERMANOVA analysis, EFV (p=0.00003) and PI (p=0.01236) 
groups differed at baseline from HIV-negative subjects significantly but not from each other 
(Figure 1). Concerning alpha-diversity measures, there were no differences in Chao1 or 
Shannon indices between the PI and EFV groups, or PI and HIV- negative groups. However, 
EFV group had lower Chao1, but not Shannon index than HIV-negative group (Figure 1). 
Regarding the gut microbiota composition, PI and EFV groups differed from each other and 
from HIV-negative group in the relative abundance of several microbial genera (Table 2). 
The average composition of the gut microbiota at phylum, family and genus level are shown 
in Supplementary figure 2, http://links.lww.com/QAD/C702. 
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Among HIV-positive subjects, we also compared the gut microbiota between men who have 
sex with men (MSM) and heterosexual participants at baseline. There were no differences in 
the gut microbiota diversity (Chao1 or Shannon) or Bray-Curtis distance measures between 
these groups (data not shown). However, there were some differences in the relative 
abundance of specific bacterial taxa between MSM and heterosexual PLWH (Supplementary 
figure 3, http://links.lww.com/QAD/C702). As MSM subjects were evenly distributed among 
the study groups (n=5 in EFV to RAL, n=5 in EFV control, n=7 in PI to RAL and n=4 in PI 
control, p=0.3), further analysis were carried out without considering sexual orientation as a 
confounding factor.  

Gut microbiota changes associated with ART switch 

There were no significant differences at baseline in gut microbiota diversity or composition 
between those randomized to RAL (RAL group) and those continuing the current PI or EFV 
based ART (EFV/PI group) (data not shown). At week 24, RAL group had higher Chao1 
index (p=0.014) than EFV/PI group (Figure 2).  

Since EFV and PI groups differed in gut microbiota at baseline, we analyzed these groups 
separately. In the group that switched EFV to RAL, the alpha-diversity indices Chao1 
(p=0.043) and Shannon (p=0.043) increased significantly, but no changes occurred in EFV 
control group. There were no significant changes among those who either switched PI to 
RAL or continued with PI based ART. In summary, the switch from EFV or a PI to RAL 
resulted in an increase in bacterial diversity in the gut microbiota, which could be attributed 
to the switch from EFV to RAL (Figure 2).  

We also compared the alpha-diversity indices between HIV-positive and HIV-negative 
groups at week 24 (Figure 2). Those who had switched from EFV to RAL had similar alpha-
diversity indices as HIV-negative subjects (p=0.775), whereas EFV control group had lower 
Chao1 index than HIV-negative subjects (P=0.037). The group switching from a PI to RAL 
or PI control group did not differ from HIV-negative in alpha-diversity indices.  

Between RAL and EFV/PI groups, there were modest differences in the relative abundance of 
three microbial genera at week 24 (Figure 3). RAL group had slightly higher relative 
abundance of Prevotella 9 than the control group (p=0.01), as well as lower abundance of 
Phascolarctobacterium (p=0.01) and Bacteroides (p=0.03). Concerning the subgroups with 
ART switch from EFV to RAL and from a PI to RAL, there were no significant within group 
longitudinal microbiota compositional changes in Prevotella 9, Phascolarctobacterium or 
Bacteroides (data not shown). Thus, the subtle changes in taxonomic composition in 
conjunction to switches in medication couldn´t be attributed specifically to either of the 
subgroups. Compositional changes did not correlate with the changes in body weight, nor 
with changes in inflammatory markers (data not shown).  
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Gut barrier biomarkers 

The median (IQR) concentration of the gut wall barrier biomarker I-FABP2 was significantly 
higher in EFV group compared to PI group at baseline (3.19 (2.39-4.34) vs 1.55 (1.22-2.35), 
p<0.001), whereas there were no differences in serum LPS, fecal calprotectin or in serum 
vitamin D concentrations between these groups. There were no significant differences in 
these variables between RAL and EFV/PI groups at baseline, week 24 or longitudinally 
within the groups (Table 1).  

DISCUSSION 

Here we demonstrated for the first time in a randomized, longitudinal study setting that a 
single ART agent switch can alter the gut microbiota diversity and composition in stable 
ART experienced PLWH. Also, our results support the hypothesis that ART induced 
alterations in the gut microbiota may play a role in metabolic and inflammatory changes in 
PLWH. 

At baseline, we didn´t find differences in microbial alpha-diversity indices or Bray Curtis 
distance between all HIV-positive and HIV-negative subjects. However, when looking at 
EFV and PI groups separately, the Bray Curtis distances of  these sub-groups differed from 
HIV-negative subjects. Also, EFV group had lower Chao1 index than HIV-negative subjects, 
while there were no differences between the PI and HIV-negative groups. Our results 
contradict the earlier findings of lower alpha-diversity among PLWH than HIV-negative 
subjects regardless of the ART regimen used [13], which may be explained by differences in 
the baseline and geographical characteristics. In a recent meta-analysis, HIV-infection was 
associated with decreased alpha-diversity only in men who have sex with women (MSW) and 
to a lesser degree in women [14]. However, we didn´t detect differences in alpha-diversity 
indices between MSM and heterosexual PLWH. 

Several gut microbiota compositional differences were also observed between study groups at 
baseline. Phascolarctobacterium was more abundant in PI than EFV and HIV-negative 
groups, while Fusobacterium, Acidaminococcus and Megasphera were more abundant in 
EFV than PI and HIV-negative groups.  Ruminococcaceae UCG-014 was more abundant in 
EFV than in PI group.  

Previously, abundance of Ruminococcus has been linked to HIV infection [15, 16] but not to 
any specific ART agent.  Opposite finding has also been reported with a depletion of 
Ruminococcus in rectal mucosal samples from untreated HIV-positive men [17]. 
Ruminococcus may have proinflammatory properties [18]. Acidaminococcus and 
Megasphera are also opportunistic pathogens, which have been linked to atherosclerotic 
conditions [19, 20]. 

At week 24, RAL group had higher alpha-diversity than EFV/PI group, which could be 
attributed specifically to the change from EFV to RAL. This ART switch led to a comparable 
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alpha-diversity to that of HIV-negative subjects. This finding is in line with the previous 
findings describing similar alpha-diversity between PLWH using RAL-based regimen and 
HIV-negative controls in across-sectional study [9].  The increase of bacterial alpha-diversity 
following the switch from EFV to RAL can be considered a positive outcome. Higher 
bacterial diversity has been associated with good health and decreased diversity with obesity 
and metabolic disorders.[21]. 

We also evaluated whether a skewed distribution of HIV-related variables or metabolic 
comorbidities between the study groups might have affected our results. Among HIV-specific 
factors, e.g low CD4 count has been associated with reduced microbial diversity [22, 23]. 
However, the study groups were comparable regarding all HIV-specific variables (CD4 
count, time since diagnosis of HIV, duration of ART, distribution of different PIs).  
Metabolic co-morbidities such as diabetes or NAFLD are associated with dysbiotic findings 
in gut microbiota in general population including perturbation in microbiota composition, 
increase in gut permeability and facilitation of the passage of inflammatory factors to the 
blood [21, 24], yet data among PLWH are limited and conflicting [25, 26]. In any case, our 
study groups had similar prevalences of metabolic comorbidities, so the observed differences 
in gut microbiota could not be explained by these confounding factors. 

To our knowledge, no earlier longitudinal studies have evaluated the role of ART switch on 
gut microbiota diversity in PLWH. However, there are few previous longitudinal studies 
among treatment-naïve PLWH starting their first ART regimen. Recently,  a reduction in 
alpha-diversity in two PLWH who started a NNRTI-based regimen as compared to two 
PLWH who started a PI-based regimen was shown [27]. Similarly, a reduction in alpha-
diversity was reported in 19 naïve PLWH after starting a NNRTI or a PI-based ART [22].  In 
these studies, however, the observed microbiota changes may be confounded by the 
concomitant reduction in HIV viral load and diet intake wasn´t reported. 

We also detected microbial compositional differences at week 24.  RAL group had slightly 
higher relative abundance of Prevotella 9 as well as lower abundance of Bacteroides and 
Phascolarcobacterium than EFV/PI group.  The relevance of these differences to health are 
not straightforward to interpret. Prevotellaceae has been associated with HIV-infection [28], 
yet more recently only to MSM independent of HIV status [29, 30].  On the other hand, its 
high abundance is also characteristic of healthy individuals consuming plant-rich diet [31]. 
Bacteroides spp. are considered to play a role in promoting T-regulatory cell function [32] 
and reinforcing epithelial barrier function [33]. Moreover, reduced abundance of 
Bacteroidetes has also been linked with HIV-infection and obesity [28]. 
Phascolarctobacterium can produce short-chain fatty acids, mainly propionate which can 
inhibit inflammatory processes [34, 35]. Increased abundance of Phascolarctobacterium was 
associated with success in weight loss [36] but also with type 2 diabetes [37] and a reduction 
in Phascolarcobacterium was associated with inflammatory bowel diseases [38]. Thus, some 
of the observed changes may seem unfavorable rather than beneficial, but overall microbiota 
confers its health effects as concerted action of all its functionalities. Further studies are 
needed to both confirm the changes related to the medication change and to decipher 
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potential changes in the inflammatory and metabolic capacity of the microbiota as a 
community.  

The gut permeability biomarker I-FABP2 was higher in EFV group compared to the PI group 
at baseline, but it did not change after switching EFV to RAL. Although we detected 
alterations in microbiota, we didn´t find any significant changes in gut permeability 
biomarkers after the ART switch.  Previously, one study reported increased I-FABP2 with PI 
compared to EFV based regimen or HIV-negative group [13], while another study showed a 
non-significant increase in I-FABP2 after a switch from EFV to INSTI [39]. Alsoan increase 
in I-FABP2 but no change in LBP was reported in naïve PLWH, who started either a PI or 
RAL based regimen, however, the increase in I-FABP2 levels didn´t differ between the 
treatment groups [40].  

Recent data suggest that vitamin D may influence gut microbiota [41]. EFV has been 
associated with low vitamin D concentrations [42]. We therefore also investigated vitamin D 
in our study but didn´t observe significant differences between the groups or longitudinally.   

The main clinical findings of the present study [10] were somewhat controversial including 
weight gain but improved inflammatory parameters in RAL as compared to EFV/PI group. 
One may hypothesize that an increased gut microbiota diversity in RAL group could 
contribute to the improvement in the inflammatory markers. On the other hand, the gut 
microbiota compositional changes detected in RAL group have been previously linked to 
weight gain [36]. However, no direct correlations between microbial findings and clinical 
outcomes were found possibly due to small study size.  

The measured confounding factors, i.e., diet and use of antibiotics didn´t explain the 
alterations in microbiota after the ART switch. A direct effect of antiretrovirals on gut 
microbiota has been studied in vitro, showing that EFV and zidovudine had antimicrobial 
activity against Bacteroides fragilis and Prevotella spp. [27]. EFV also inhibited the growth 
of Enterococcus faecalis [27]. It may also be assumed that antiretrovirals could affect the 
dynamics of gut phageome and consequently, induce changes in the bacterial population. 
Phageome is considered to participate in the regulation of complex bacterial networks, but 
understanding its role is still incomplete [43], and the effect of different (antiviral) drugs on 
phageome is yet to be studied.  

The main limitation as with all switch studies is the difficulty to determine to what extent the 
observed effects are directly caused by the introduction of a new ART agent versus by the 
withdrawal of the previous agent. In addition, the number of participants was limited 
especially regarding the subgroup analyses. 

Furthermore, our microbiota profiling was limited to the bacterial population and thus, we 
didn´t address possible changes in the archaeal, yeast, fungal, prokaryotic and viral 
populations.. Nevertheless, the randomized, controlled and longitudinal design with dietary 
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records as well as the inclusion of HIV-negative age and BMI-matched comparison group are 
clear strengths of our study. 

In conclusion, our results support the hypothesis that different ART components have an 
impact on the gut microbiota diversity and composition. EFV based ART regimen was 
associated with lower alpha-diversity than PI based ART, but switching EFV to RAL restored 
bacterial diversity to the same level as in HIV-negative subjects. Further studies are needed to 
explore whether the improved diversity could explain the beneficial clinical effects of this 
ART switch and whether the observed microbiota compositional changes may be linked with 
increased weight gain with INSTIs. 
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Figure 1. A) Bray Curtis distance at baseline, i.e., inter-individual species diversity of the gut 
microbiota. PCo, principal component. B)  Chao1, a measure of alpha-diversity indicating 
species richness; and Shannon index i.e., species diversity at baseline. EFV, efavirenz ; PI, 
protease inhibitor; and HIV-neg, HIV-negative groups. 
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Figure 2. The gut microbiota alpha-diversity measures Chao1 and Shannon A) at week 24 
(W 24) in efavirenz/protease inhibitor (EFV/PI) control (CTRL), raltegravir (RAL) and HIV-
negative (HIV-neg) group. RAL-group comprise subjects who switched EFV or a PI to RAL; 
EFV/PI control group remained on unchanged EFV or a PI containing antiretroviral therapy 
(ART). B) at baseline (BL) and 24 weeks (W 24) after the switch. EFV RAL: subjects who 
switched from EFV to RAL; EFV CTRL: subjects who continued unchanged EFV-containing 
regimen C) at BL and 24 weeks (W 24) after the switch. PI RAL: subjects who switched from 
a PI to RAL; PI CTRL: subjects who continued unchanged PI-containing regimen 

 

 

Figure 3. Microbial taxa, which abundance were different between the arm with no 
change in ART regimen (CTRL) and raltegravir (RAL) groups at week 24 (W 24). RAL 
group comprise subjects who switched efavirenz or a protease inhibitor to RAL; control 
group (CTRL) remained on unchanged EFV or a PI containing antiretroviral therapy. 
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Table 1. Baseline characteristics of PLWH and HIV negative subjects, and the effects of 
switching EFV or a PI  to RAL (RAL group) versus continuing unchanged EFV or PI 
containing regimen (EFV/PI group) among PLWH   

  RAL group (n=19) EFV/PI  group (n=22)   
HIV-neg  
(n=10) 

 

Variable Baseline 
24 

weeks 
P-

value* Baseline 24 weeks
P-

valu
e*

P-
valu

e## 

 p-
valu

e†

Age 
(years) 

49 (43-
55) 

 
51 (43-

63)
 

41 (38-
42) 0.1

Male (n, 
%) 16 (84) 

 
17 (77)  5 (50) 0.1

MSM (n, 
%) 12 (63)  9 (41)  

 
0.2

CD4+ T-
cell count 
(cells/µL) 

685 (514-
823)  

803 
(633-
966)   

 

0.2

CD4+ 
nadir 
(cells/µL) 

204 (71-
291)  

251 
(103-
300)  

 

1.0

Time since 
HIV 
diagnosis 
(months) 

132 (93-
156)  

160 (95-
204)  

 

0.3

Duration 
of ART 
(months) 

111 (55-
134)  

113 (82-
169)  

 

0.4

TDF (n, 
%) 9 (47)  9 (41)  

 
1.0

EFV (n, 
%) 8 (42)   9 (41)  

 
1.0

PI (n, %) 11 (58)  13 (59)  
 

1.0

   DRV (n) 7  8  
 

   ATV (n) 3  3  
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   fAPV 
(n) 1  1  

 

   LPV (n) 0  1  
 

 

BMI 
(kg/m2) 

27.2 
(24.2-
30.7) 

28.9 
(25.9-
31.1) 0.015

28.8 
(27.0-
31.9)

 

29.1 
(27.0-
32.0) 0.6 0.3 

28.0 
(26.7-
34.7) 0.4

Diabetes 
(n, %) 0 (0)  1 (5)   1 (10) 0.5

NAFLD 
(n, %) 6 (32)  8 (38)   1 (10) 0.2

Dyslipide
mia (n, %) 3 (16)  6 (29)   4 (40) 0.7

Hypertensi
on (n, %) 7 (37)  9 (43)   3 (30) 0.7

 S-I-
FABP2 
(ng/mL) 

2.6 (1.5-
3.8) 

2.6 
(1.6-
3.9) 0.9

1.9 (1.4-
4.0)

2.0 (1.5-
4.5) 0.8 0.9 

 

S-LBP 
(mg/mL) 

12.5 
(10.0-
16.7) 

12.5 
(9.7-
16.3) 0.9

14.1 
(10.5-
15.6)

13.3 
(10.6-
16.4) 0.5 0.6 

 

S-D-25 
(nmol/L) 

45 (37-
79) 

56 (42-
84) 0.2

59 (44-
72)

64 (43-
83) 0.4 0.7 

 

F-calpro 
(mg/g) 13 (6-28) 

19 (9-
46) 0.1

17 (11-
29)

20 (11-
35) 0.8 0.5 

 

PLWH, people living with HIV; RAL, raltegravir; EFV, efavirenz; PI, protease inhibitor; 
HIV-neg, HIV-negative; MSM, men who have sex with men; ART, antiretroviral therapy; 
TDF, tenofovir disoproxil fumarate; DRV, darunavir; ATV, atazanavir; fAPV, 
fosamprenavir; LPV, lopinavir; BMI, Body-mass-index; NAFLD, non-alcoholic fatty liver 
disease diagnosed by magnetic resonance spectroscopy; S-I-FABP2, serum intestinal fatty 
acid binding protein; S-LBP, serum lipopolysaccharide binding protein; S-D-25, serum D-
vitamin; F-calpro, fecal calprotectin. Data are shown as median (IQR). *p-value for the 
change between baseline and 24 weeks within RAL and Control groups.  ##p-value for the 
comparison of changes in RAL versus Control group. . †p-value for the comparison of 
baseline characteristics between RAL, Control and HIV neg groups (age, gender, BMI, 
diabetes, NAFLD, dyslipidemia, hypertension), or between RAL and Control groups  (MSM, 
TDF, EFV, CD4+ lymphocyte count, CD4 nadir, time since diagnosis, duration of ART).  
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Table 2. Differences in the gut microbiota abundances between the study groups at 
baseline.   

Comparison Fold  difference p-value (FDR) 

Efavirenz vs HIV negative 

Megasphera 89.23 0.00654 

Acidaminococcus 62.51 0.00971 

Acidaminococcus 83.17 0.02000 

Fusobacterium 50.34 0.02000 

 Protease inhibitor vs HIV negative 

Phascolarctobacterium 130.71 0.00318 

Protease inhibitor vs Efavirenz 

Phascolarctobacterium 155.56 0.000443 

Phascolarctobacterium 33.14 0.02000 

Fusobacterium -55.63 0.000443 

Fusobacterium -13.01 0.03000 

Fusobacterium -11.04 0.05000 

Acidaminococcus -14.22 0.00138 

Acidaminococcus -12.34 0.04000 

Acidaminococcus -11.69 0.05000 

Megasphera -11.29 0.00937 

Ruminococcaceae UCG-014  -16.38 0.01000 

Ruminococcaceae UCG-014  -15.68 0.02000 

FDR false discovery rate Benjamin-Hochberg for multiple comparison 

 

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


