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Abstract

Background: Patients with human immunodeficiency virus (HIV) 
infection suffer from alterations in gut microbiota due to recurrent 
gastrointestinal infections and systemic inflammation. Fecal micro-
biota transplantation (FMT) appears to be a potential therapy; how-
ever, there are concerns about its safety. Likewise, no previous meta-
analysis evaluated FMT efficacy in HIV-infected patients.

Methods: We conducted a thorough electronic search on PubMed, 
Scopus, OVID, Web of Science, and Cochrane CENTRAL for clini-
cal studies assessing the safety and efficacy of FMT in patients with 
HIV and gastrointestinal dysbiosis, where FMT was indicated to re-
store the disrupted microbiota.

Results: FMT significantly restored the typical microbiome in pa-
tients with Clostridium difficile (C. difficile) and non-C. difficile and 
reduced the risk of gastrointestinal infections in HIV patients receiv-
ing antiretroviral therapy (odds ratio (OR) = 0.774, 95% confidence 
interval (CI): (0.62, 0.966)). Furthermore, adverse events, such as dis-
tention and bloating, associated with FMT were comparable between 
HIV and health controls (OR = 0.60, 95% CI: (0.07, 4.6)), with no 
statistical difference.

Conclusions: Current evidence demonstrated that FMT is safe and 
effective in HIV patients suffering from alterations in gut microbiota. 
We recommend further multi-centric clinical studies to address the 
optimal transplant amount and source for FMT. To the best of our 
knowledge, this is the first meta-analysis to assess the safety and ef-
ficacy of FMT in patients with HIV.

Keywords: Human immunodeficiency virus; AIDS; Fecal transplan-
tation; Gut microbiota; Meta-analysis

Introduction

Human immunodeficiency virus (HIV) is the causative organ-
ism of acquired immunodeficiency syndrome (AIDS). Our 
immune system protects against viral and bacterial infections. 
White blood cells (WBCs), including CD4 cells, are an immune 
system component [1]. HIV infects and progressively kills CD4 
cells, which results in the loss of the body’s ability to recog-
nize the infections. The late stage of HIV infection is AIDS, in 
which the patient usually develops opportunistic infections [2].

HIV can affect the gastrointestinal tract (GIT) in the acute 
stage. The lymphocytes of the GIT contain an essential re-
ceptor (chemokine receptor type 5 (CCR5)) for the entry of 
CCR5-tropic HIV-1 into CD4 cells. The decline in intestinal 
CD4 cells is more significant than in extra-intestinal lympho-
cytes [3]. The renewal of the immunity of GIT mucosa remains 
incomplete despite the use of highly active antiretroviral ther-
apy (HAART). Disruption of GIT mucosa leads to microbial 
translocation [4].

GIT symptoms of HIV infection include nausea, vomiting, 
diarrhea, tenesmus, abdominal pain, dysphagia, and odynopha-
gia [5]. HIV can cause GIT inflammation, malabsorption, and 
vitamin B12 deficiency without apparent viral or bacterial in-
fection [6]. HIV-related GIT opportunistic infections can be 
associated with candidiasis, cytomegalovirus (CMV), Giardia, 
Microsporidia, Strongyloides stercoralis, Clostridia, or fungal 
infection (cryptococcosis, histoplasmosis) [7]. GIT contains 
trillions of microbes of different strains known as intestinal 
microbiota. These microbiotas contribute to the body’s im-
mune system [8]. Disruption of the mucosal barrier due to the 
alteration of intestinal microbiota (dysbiosis) leads to micro-
bial translocation to the system circulation [9].

Methods of gut microbiota modification include diet 
changes, certain drugs such as metformin, antibiotics, probiot-
ics, and fecal microbiota transplantation (FMT). In FMT, the 
patient receives fecal microorganisms from a healthy donor. 
Previous trials reported that FMT reduced gut damage with-
out serious side effects. The safety of FMT is still question-
able due to the high variation in GIT microbiota between the 
healthy donor and the patient. A limited number of patients 
participated in studies assessing FMT in immunocompromised 
patients [10].

We aimed to assess the efficacy and safety of FMT as a 
potential therapy for HIV-related GIT symptoms.
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Materials and Methods

Per the latest version of the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) statement and 
Cochrane Handbook for Systematic Reviews of Interventions, 
we prospectively determined the study objectives, search strat-
egy, eligibility criteria, and analytical techniques for conduct-
ing this systematic review and meta-analysis [11, 12]. The 
Institutional Review Board (IRB) approval and ethical com-
pliance declaration are not applicable for this study.

Search strategy

We conducted a thorough electronic search on PubMed, Sco-
pus, OVID, Web of Science, and Cochrane CENTRAL from 
inception until November 2021 using the following search 
terms: “fecal microbiota transplantation”, “gut microbiome”, 
“bacteriotherapy”, “Clostridium difficile”, “FMT,” “immuno-
compromised”, “microbiota”, “immunosuppression”, “HIV”, 
or “AIDS”.

References of all retrieved articles were also screened and 
assessed for additional sources.

Eligibility criteria

A preliminary selection of studies was performed based on 
titles and abstracts. Two investigators then independently re-
viewed the full content of each selected study using the follow-
ing inclusion criteria: 1) Clinical studies assessing the safety 
and efficacy of FMT in patients with HIV and gastrointestinal 
intestinal dysbiosis with or without Clostridium difficile infec-
tion; 2) FMT was indicated to restore the disrupted microbio-
ta; 3) Measured complications and effectiveness outcomes; 4) 
Provided sufficient data for statistical analysis. Studies were 
excluded if they contained any one of the following exclusion 
criteria: 1) Essay and review articles; 2) Studies conducted on 
patients without HIV; 3) Studies that did not include FMT as 
an active intervention.

Data extraction

Two reviewers performed data extraction independently, and 
any disagreement was addressed by discussion and consensus. 
The extracted data covered: 1) The general characteristics of 
each study (authors; year; setting; sample size; percentage of 
HAART, methods and amounts of FMT delivery); 2) The out-
comes measured (stool amount per transplant, donor relation-
ship, adverse events (AEs), and final findings).

Risk of bias assessment

The risk of bias within each included study was assessed by 
two independent authors using the Newcastle-Ottawa Scale 
for cohort studies. The tool consists of eight items with three 

subscales and a total maximum score of 9, where scores ≥ 7 
implicate a high-quality article and < 5 indicate low-quality 
research [13].

Data analysis

All statistical analyses were performed using Open Meta Ana-
lyst (AHRQ, CEBM; Brown University, USA) and STATA ver-
sion 16.0 (StataCorp LLC, College Station, TX 77845, USA). 
We ultimately employed the random-effects model with the 
Der-Simonian Liard method [12]. Extracted data were dichot-
omous (events and no events) and were pooled as weighted 
proportions and odds ratios (RR) with 95% confidence inter-
vals (CI) [14]. The pooled rates of proportions were calculated 
through the Freeman-Tukey transformation meta-analysis of 
proportions using MedCalc (Version 15.0; MedCalc Software, 
Ostend, Belgium). Heterogeneity between studies was exam-
ined visually and statistically through Chi-square and I2 tests: 
a Q statistic with P < 0.1 indicated heterogeneity, whereas I2 
values of 0%, 25%, 50%, and 75% represented no, low, moder-
ate, and high heterogeneity, respectively [14]. When detecting 
considerable heterogeneity, we performed sensitivity analyses 
to ascertain the source of heterogeneity by excluding one study 
at a time. Publication bias was visually examined through fun-
nel plot symmetry and mathematically through Egger/s regres-
sion test, Begg’s test, and Duval’s non-parametric trim-and-fill 
analysis [15-17].

Results

Search results and characteristics of included studies

Our search retrieved 486 unique citations from searching elec-
tronic databases. Following the title and abstract screening, 
19 full-text articles were retrieved and screened for eligibility. 
Of them, nine articles were excluded, and 10 studies (n = 310 
patients) were reviewed in detail and included in this meta-
analysis (Fig. 1, PRISMA flow diagram) [9, 18-30].

The bibliography of the included randomized controlled 
trials (RCT) was manually examined but added no further 
records. All of the included studies were conducted between 
2013 and 2021. Table 1 [18-20, 23-25, 27,-30] summarizes the 
characteristics of included patients and studies.

The potential sources of bias

Following the Newcastle-Ottawa Scale, the quality of the in-
cluded studies ranged from mild to moderate. A summary of 
quality assessment domains and authors’ judgments with jus-
tifications are shown here (Supplementary Material 1, www.
gastrores.org). Funnel plots of the standard errors versus the 
effect size could not be drawn since included studies are less 
than 10. However, both Egger’s (P = 0.3) and Begg’s tests 
(P = 1.2) showed no small-study effects. Also, we engaged 
the trim-and-fill method to confirm the robustness of the re-
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sults, which revealed no change in the effect size after imput-
ing zero missing articles (Supplementary Material 2, www.
gastrores.org).

Outcomes

Overall efficacy

FMT potentially restored the normal microbiome and reduced 
the risk of gastrointestinal infections in HIV patients receiving 
HAART (OR = 0.62, 95% CI: (0.25, 0.99)), with no statistical 
significance. The pooled analysis was moderately heterogene-
ous (I2 = 60.3%, P = 0.01) (Fig. 2). However, following the 

sensitivity analyses with the exclusion of the study of Manda-
lia et al 2016 [19], the heterogeneity resolved (I2 = 46.5%, P = 
0.00), and the effect was statistically significant (OR = 0.774, 
95% CI: (0.62, 0.966)).

Overall safety

AEs, such as distention and bloating, associated with FMT 
were comparable between HIV and health controls (OR = 
0.60, 95% CI: (0.07, 4.6)) (Fig. 3), with no statistical differ-
ence. However, the pooled analysis was substantially hetero-
geneous (I2 = 93.3%, P= 0.00), and further sensitivity analyses 
failed to resolve heterogeneity. Therefore, the random-effects 

Figure 1. PRISMA flow diagram. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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model was employed.

Discussion

Our results showed that FMT significantly restored the normal 
microbiome and reduced the risk of gastrointestinal infections 
in HIV patients receiving antiretroviral therapy. Furthermore, 
AEs associated with FMT, such as distention and bloating, 
were comparable between HIV and health controls. In addi-
tion to GIT infections, disturbance of gut microbiota can also 
cause graft-versus-host disease (GVHD) in allo-hematopoietic 
stem cell transplantation (HSCT) patients.

In the FMT process, a healthy individual’s feces are mixed 
with saline or water and then filtered. The mixture is delivered 
through a nasogastric tube, nasojejunal tube, upper GIT en-
doscopy, colonoscopy, or enema [10, 31] Clostridium difficile 
is one of the common organisms causing diarrhea in immuno-
compromised patients.

Kelly et al [28] reported improvement of Clostridium 
difficile symptoms in 89% of patients after FMT within 12 
weeks of follow-up. Most patients received FMT through 
lower GIT endoscopy. Because of the retrospective nature of 
this study, the reported side effects were incomplete [28]. A 
study also mentioned the impact of the route of administra-

tion of FMT. The upper GIT route carried a higher incidence 
of side effects than the lower GIT route [32, 33]. This is con-
sistent with other systematic reviews and meta-analyses [33-
35].

The variation in donor microbiota and the presence of 
unrecognized infectious agents can explain the occurrence of 
the side effects [36]. The mortality rate from FMT was low 
(0.13%) and may have occurred due to aspiration pneumonia 
[37]. Few adverse effects of FMT are reported and usually re-
solve spontaneously shortly after the procedure. Serious side 
effects of FMT are generally related to anesthesia or the endo-
scopic procedure [38]. The lack of accurate information about 
the route and dose of FMT makes the expansion of the proce-
dure questionable [39].

Gathe Jr. et al [29] reported the failure of FMT to con-
trol diarrhea when taken from a relative. However, a specimen 
from a nonfamily member showed improvement in the symp-
toms. The choice of donor plays a role in the success of FMT 
[29]. Another case in 2013 showed symptoms improvement 
when treated with FMT from his mother after the antibiotic 
treatment failure [26].

Ott et al [18] studied the efficacy of a sterile fecal filtrate 
transfer (FFT) prepared from additional filtration of FMT. FFT 
contains antimicrobial compounds of bacterial origin (e.g., 
bacteriocins) or bacteriophages. FFT increases the success rate 

Figure 2. Forest plot for FMT efficacy. FMT: fecal microbiota transplantation; OR: odds ratio; CI: confidence interval.

Figure 3. Forest plots for FMT Adverse events. FMT: fecal microbiota transplantation; AEs: adverse events; OR: odds ratio; CI: 
confidence interval.
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of FMT as it avoids the hazards of the transfer of living organ-
isms [18].

Multiple doses of oral FMT also showed improvement in 
symptoms during 48 weeks of follow-up, compared to previ-
ous supplements [25]. Utay et al [24] also reported the safety 
and tolerability of repeated doses of oral FMT. However, they 
did not explain the required dose or duration. The small num-
ber of study participants limits the dependence on the results 
[24]. The study by Garcia-Garcia-de-Paredes et al reported the 
resolution of diarrhea in 87% of patients with Clostridium dif-
ficile infection. FMT was superior to the use of antibiotics that 
attack the bacteria as well as damage the intestinal microbiota 
[40].

Strength

To the best of our knowledge, no previous meta-analysis eval-
uated FMT efficacy in HIV patients. We included all types of 
studies reporting available results about FMT procedures in 
HIV patients. All of the included studies were conducted be-
tween 2013 and 2021.

Limitations

The limited number of randomized control trials weakens the 
meta-analysis’s evidence level. The included studies contain 
few patients, limiting the study of efficacy and possible side 
effects of the FMT procedure. Another limitation is that the 
included studies did not provide enough data about the pres-
ence of comorbidities, such as inflammatory bowel disease, 
ischemic heart disease, hypertension, and diabetes.

We recommend conducting more randomized trials with 
lagers number of patients. The type of fecal specimen donor 
should be studied.

Conclusions

Current evidence demonstrates that FMT is safe and effective 
in HIV patients suffering from alterations in gut microbiota. 
We recommend further multi-centric clinical studies to address 
the optimal transplant amount and source for FMT. To the best 
of our knowledge, this is the first meta-analysis to assess the 
safety and efficacy of FMT in patients with HIV.
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