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Demographics and clinical data

Objective

To characterize the relationship between the human gut microbiome and 

neurocognitive impairment in HIV infection.

Background & Significance

• Up to half of HIV-infected adults develop HIV associated neurocognitive (NC)
disorders (HAND), even after achieving viral suppression.1

• The mechanisms leading to HAND remain unclear, limiting the development of
effective interventions.

• The gut microbiome has been implicated in the development and function of brain
circuits that support emotion and cognition.2

• Dysbiosis of the gut microbiome is associated with HIV infection

• Here, we investigate the gut microbiome in relationship to neurocognitive disorders.

Conclusions

• The gut microbiome, particularly Bacteroidetes and Firmicutes, is associated with
HAD (most severe form of HAND) despite the small sample size. Reduction of the
Firmicutes/Bacteroidetes ratio has been associated with aging.3

• B. caccae, B. obeum, B. ovatus, F. prausnitzii , B. longum, B. uniformis are reduced
in HIV infection, all involved in butyrate production, which is associated with higher
microbial translocation and immune activation in HIV infection.4

• B. longum has been used as a psychobiotic and butyrate has been used as an
experimental drug for neurocognitive disorders5,6

• These microbial signatures may be important for identifying individuals with increased
risk of developing HAND and may lead to new therapeutic options for individuals with
HAND after successful ART.References

1. Nightingale et al. Lancet Neurol, 2014.  2. Guaraldi et al. Clin Infect Dis, 2011. 3. Mariat et al. BMC, 2009                                 
4. Dillon et al. AIDS, 2017. 5. Stilling et al. Neurochem Int, 2016. 6. Wang et al. J. Neurogastroenterol Motil, 2016. Supported by NIH grants: K24 MH097673, R01 MH107345, R25 MH081482, R25 MH80663

Figure 3: Reduced bacterial species in HIV infection
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Method

• We evaluated the gut microbiome from 96 HIV-infected and 30 HIV-uninfected adults
enrolled the HIV Neurobehavioral Research Program (HNRP) cohorts..

• Stool, sociodemographic, and clinical data were collected for each participant.

• A subset of participants (n=90) underwent neuropsychological assessment using
standardized clinical battery, testing 7 ability areas including activities of daily living.
Participants were also screened for depression based on self-report.

• HIV infected participants (n=66) were diagnosed with HAND as follows: HIV
Associated Dementia (HAD), asymptomatic NC impairment (ANI), mild NC disorder
(MND), and cognitive normal (NML). Uninfected participants (n=24), were classified
as NML or neuropsychological impairment not related to HIV (NPI-O).

• Stool DNA was extracted and the V3-V4 region of the 16S ribosomal RNA gene was
amplified by PCR and sequenced.

• Microbial classification and statistical analyses were performed using Quantitative 
Insights into Microbial Ecology (Qiime ) and R statistical software.

Table 1: Characteristics of our study
participants. Median and IQR values
are shown. *Significant p-value
(p<0.05) from a double-tailed Mann-
Whitney or a Fisher test.

Figure 3: Species with significantly reduced
levels in individuals with HIV infection
assessed by a Mann-Whitney test. Although
there were no statistical difference at the
species levels by HAND groups, higher levels
of F. prausnitzii is associated with higher
depression (ρ=-0.26, p=0.03) and higher
levels of B. caccae are associated with better
cognition (self report) ρ=0.23, p=0.06).

Results

Figure 2: (A) In uninfected individuals there was no difference in the Firmicutes to Bacteroidetes ratio

(marker of aging) between groups with and without impairment (Mann-Whitney). (B) HIV-infected

participants with HAD had significantly lower Firmicutes to Bacteroidetes ratio, with lower levels of

Firmicutes and higher levels of Bacteroidetes (ANOVA with Tukey post-hoc adjustment).

Figure 2: Dysbiosis of the gut microbiome is associated with HAND

Table 1: Participants in 
the study

HIV+                          
(n=96)

HIV-
(n=30)

Gender (M:F) 85:11* 21:9

Ethnicity (%White) 55% 57%

Age (years) 55 (49.5-61.3) 58 (48.8-69)

Education (years) 13 (12-16) 14 (13-15)

CD4 Absolute (cells/µL) 612 (430-786.5) Not collected

CD4 % 31.8 (25.2-40.3) Not collected

CD8 Absolute (cells/µL) 800 (546.5-1102) Not collected

CD8 % 41.7 (34.9-54) Not collected

Table 2: Participants 
with NC assessment

HIV+                        
(n=66)

HIV-
(n=24)

NML 31
NML 13

ANI 23

MND 8
NPI-O 11

HAD 4

Table 2: Distribution of participants
with neuropsychological assessments.
NML: Cognitive Normal, ANI:
Asymptomatic neurocognitive
impairment, MND: Mild neurocognitive
disorder, HAD: HIV-associated
dementia, NPI-O: neuropsychological
impairment not related to HIV.

Figure 4: Suggested mechanism

Figure 4: Bifidobacteria and Bacteroides are
involved in the breakdown of complex sugars
and F. prausnitzii in producing butyrate and
H2. Blautia obeum acts as a H2 sink
permitting additional sugar fermentation.
Butyrate is a product of fermentation and
reduced butyrate production is associated
with neurocognitive disorders.

Figure 1: Distribution of study participants
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