
Page 1/11

Fecal microbiota transplantation as an effective
treatment for carbapenem-resistant Klebsiella
pneumoniae infection in a renal transplant patient
Junpeng Wang 

Henan Provincial People's Hospital
Xin Li 

Zhengzhou university
Xiaoqiang Wu 

Henan Provincial People's Hospital
Zhiwei Wang 

Henan Provincial People's Hospital
Xuan Wu 

Henan Provincial People's Hospital
Gaopeng Jin 

Henan Provincial People's Hospital
Donghao Wang 

Zhengzhou University
Tianzhong Yan  (  ytz460@hotmail.com )

Henan Provincial People's Hospital

Case report

Keywords: carbapenem-resistant Klebsiella pneumoniae, infection, fecal microbiota transplant, gut
microbiota

Posted Date: March 16th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-17291/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-17291/v1
mailto:ytz460@hotmail.com
https://doi.org/10.21203/rs.3.rs-17291/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/11

Abstract
Background: In renal transplant recipients, carbapenem-resistant Klebsiella pneumoniae (CRKP) infection
is common, and usually associated with severe clinical outcomes due to a lack of effective therapeutics.

Case presentation: A 37-year-old female had a CRKP infection one month after the kidney
transplantation. Since the effect of the antibiotic therapy was limited, fecal microbiota transplantation
(FMT) was performed. FMT resulted in increased richness and diversity of gut microbiota and reduced
relative abundance of Klebsiella. After FMT, the infection of the patient caused by CRKP was well
controlled without inducing adverse effects.

Conclusion: This study demonstrated the therapeutic effect of FMT on CRKP infection, and may shine
some light on the treatment of the infections caused by CRKP for the patients after transplantation.

Background
Infections caused by carbapenem-resistant Klebsiella pneumoniae (CRKP) have been a serious health
problem worldwide[1], and are usually associated with poor therapeutic outcomes due to the effective
therapy strategies are limited[2]. In organ transplant recipients treated with immunosuppressed agents,
CRKP infections can be life-threatening.

Here, we report the use of fecal microbiota transplantation (FMT) in a renal transplant recipient with
CRKP infection. Fecal microbiota transplantation resulted in increased richness and diversity of gut
microbiota and reduced relative abundance of Klebsiella and positive clinical outcome.

Case Report
A 37-year-old Chinese female suffering from end-stage renal disease underwent the cadaveric kidney
transplantation in November 2018. Postoperative recovery was uneventful and the serum creatinine level
of the patient returned to normal 3 days after the transplantation. On postoperative day 8, the patient
experienced acute rejection, which was treated with high-dose prednisone and plasma exchange, and
after treatment, her renal function became normal. The patient developed CRKP infection one month after
the kidney transplantation. The CRKP could be detected in incision secretion, urine, blood and anal swab
cultures of the patient, and resulted in impaired surgical incision healing. Since the CRKP isolated from
the patient was resistant against most antibiotics except tigecycline and polymyxin (Table S1),
combination treatment of with tigecycline, meropenem and phosphonomycin was utilized for the
infection. Though the CRKP converted to be negative in the patient blood cultures, but still positive in her
incision secretion, urine and anal swab cultures, and additionally, her incision could not heal. Under this
condition, FMT was performed and antibiotics were stopped the day before FMT. One week after FMT, the
patient’s urine and anal swab cultures returned negative for CRKP. The patient’s incision began to heal at
day 3 after FMT, and showed complete healing at day 17 after FMT (Fig. 1A). The patient tolerated the
FMT procedure without complications including abdominal pain, diarrhea and fever. Moreover, there was
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no obvious increase in serum creatinine and blood urea nitrogen (BUN) after FMT (Fig. 1B), suggesting
FMT didn’t have adverse effect on the patient’s renal function. The patient had no symptoms of infection
two months after FMT indicating a positive clinical outcome.

We analyzed the gut microbiota of the donor and the patient. Alpha diversity analyses showed that before
FMT, the patient was associated with obviously lower species richness (Chao1 index, Fig. 2A) and
diversity (Shannon index, Fig. 2B) than the donor, which signi�cantly increased at 1 week, 3 weeks and 2
months after FMT (Fig. 2A and 2B), indicating that treatment of FMT could lead to an increase in
richness and diversity of the patient fecal microbiota. Next, beta diversity analysis was calculated using
weighted and unweighted UniFrac distances and visualized via principle coordinate analyses (PCoA) to
compare microbial communities between samples. Both the weighted (Fig. 2C) and unweighted (Fig. 2D)
UniFrac methods revealed signi�cant divergence of the microbial communities between the donor and
the patient before FMT. It should be noted that though the patient microbial community post-FMT still
differed from the donor one, their distances visibly decreased, especially at 1 week and 3 weeks after
FMT (Fig. 2C and 2D).

Furthermore, we analyzed the microbial compositions in detail, and the results were visualized as
cumulative histograms (Fig. 3A). At genus level, Prevotella_9 (relative abundance 35.9%),
Ruminococcaceae_NK4A214_group (relative abundance 12.9%) and Faecalibacterium (relative
abundance 10.0%) accounted for the major bulk of the donor microbiota, while Bacteroides (relative
abundance 60.6%) and Klebsiella (relative abundance 38.9%) were predominant in the recipient’s sample,
which accounted for nearly 90% of the total taxa. At 1 and 3 weeks after FMT, Phascolarctobacterium
increased signi�cantly in relative abundance (28.8% and 26.1%), and became the most dominant taxon.
Besides Phascolarctobacterium, the proportions of [Ruminococcus]_gnavus_group, Alistipes, and
Lachnoclostridium were also observed increased after FMT. While at 2 months after FMT, Bacteroides,
Lachnoclostridium, Phascolarctobacterium were the predominant populations in the fecal samples of the
patient. Results of the cluster analysis showed that the fecal microbial composition of the patient
following FMT was more similar to the donor microbial composition than that of the patient collected
prior to FMT (Fig. 3A). It should be noted that relative abundance of Klebsiella signi�cantly decreased at
1 week after FMT (61.15% vs 1.5%), and remained low at 3 weeks (1.4%) and 2 months (6.0%) after FMT
(Fig. 3B). Moreover, relative abundance of Ruminococcus, Coprocpccus, and Clostridium were negatively
correlated with that of Klebsiella, indicating that these genera may competitively interact with Klebsiella
(Fig. 3C).

Discussion And Conclusion
In this study, we tried to use FMT to treat the CRKP infection in a renal transplant patient. FMT was �rst
reported to be utilized for the treatment of described severe diarrhea in 4th century China, and now has
been used worldwide to successfully treat patients with recurrent C. di�cile infection (CDI) that is
unresponsive to antibiotic treatment [1]. Currently, clinical trials have also been performed to detect the
e�cacy of FMT for the treatment of other diseases such as ulcerative colitis (UC)[3, 4], irritable bowel
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syndrome (IBS)[5], constipation[6], and metabolic syndrome[7, 8]. However, up till now, the effect of FMT
on CRKP infection has not been reported. To date, FMT has not yet been investigated with respect to its
effect on the CRKP infection.

The CRKP we isolated from the patient was resistant against most antibiotics except tigecycline and
polymyxin. According to data from European Centre for Disease Prevention and Control, more than a third
of the Klebsiella pneumoniae isolates were resistant to at least one antimicrobial agent[9]. Few available
treatment options are left for patients infected with multidrug-resistant CRKP, and combination therapy or
colistin is the common treatment methods[9]. In the present study, combination treatment of tigecycline,
meropenem and phosphonomycin was evaluated in the CRKP infection. Since the effect of the combined
therapy was of limited therapeutic bene�t, FMT was performed for treatment. One week after FMT, the
patient’s urine and anal swab cultures returned negative for CRKP, and 17 days after FMT, the incision
showed complete healing. Moreover, the patient had no symptoms of infection two months after FMT.

Our results obtained from microbiome analysis showed that before FMT, Bacteroides and Klebsiella were
predominant in the patient’s fecal sample, and the relative abundance of Klebsiella was even up to 38.9%.
Klebsiella pneumoniae are ubiquitously distributed and considered as opportunistic pathogens inhabiting
mucosal surfaces of intestines in healthy adults without inducing pathology[9]. However, on some
occasions, Klebsiella could disseminate from mucosae to other parts of the host causing infections
including pneumonia, urinary tract infections, bloodstream infections and sepsis[10]. Clinical evidence
and basic experiment suggest that liver abscess could also be induced when Klebsiella translocate
across the intestinal epithelium[11, 12]. To prevent rejection, the patient was placed on tacrolimus,
mycophenolate mofetil, and prednisone after kidney transplantation. Among these drugs, tacrolimus is
shown to have the effect of increasing intestinal permeability[13]. Under this condition, it may be easier
for CRKP to translocate across the intestinal epithelium to other places and induce infection. Thus, we
speculate that the Klebsiella in the gut was very likely to be the source of the CRKP in the patient’s
incision secretion, urine and blood cultures.

Obvious shift in microbial composition could be observed before and after FMT. The microbial
composition of the patient post FMT resembled the donor composition. It should be noted that relative
abundance of genera such as Phascolarctobacterium and Lachnoclostridium increased after FMT, while
the relative abundance of Klebsiella signi�cantly decreased. Presumably, the removal of gut Klebsiella by
FMT could be an important contributor to reduce the number of the CRKP in the patient’s incision and
urine. Similar to previous studies, we also found that the gut microbiota richness and diversity of the
patient increased rapidly following FMT[14]. The increased diversity of gut microbiota may have a
positive effect on maintaining the stability of the colonic epithelial barrier and preventing Klebsiella
pneumoniae from translocating, since Klebsiella pneumoniae was observed to barrier function and
increase colonic permeability to luminal toxins, whereas other species such as Lactobacillus brevis could
improve the tightness of the barrier[15]. Moreover, relative abundance of Ruminococcus, Coprocpccus,
and Clostridium were negatively correlated with that of Klebsiella, indicating that these genera may have
distinct function from Klebsiella, and could partially limit the growth of Klebsiella.
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Our research has several limitations. Firstly, since this study is a case report, more clinical studies and
basic experiments are needed to con�rm the therapeutic effect of FMT on CRKP infection and explore its
mechanisms. Secondly, though no recurrent infection was observed in the patient, 2 months after FMT,
the follow-up time was not long enough to investigate the sustained effect of FMT on CRKP infection.
However, despite these limitations, this study demonstrated the therapeutic effect of FMT on CRKP
infection, and may shine some light on the treatment of the infections caused by multidrug-resistant
CRKP for the patients after transplantation.

Methods
Fecal microbiota transplantation

This study was conducted in accordance with the ethical guideline based on the regulations of Henan
Provincial People's Hospital a�liated to Zhengzhou University federal regulations. No donor organs for
kidney transplantation were derived from prisoners, or persons whose death was due to execution as
capital punishment. The antibiotic treatment (tigecycline 50 mg every 12 hours, meropenem 1~2 g every
8 hours, and phosphonomycin 4 g 8 hours) was stopped one day before FMT. Immunosuppressive
regimen for the patient consisted of tacrolimus, mycophenolate mofetil, and prednisone. Cryopreserved
donor fecal microbiota from a healthy volunteer was obtained from fmtBank.org, and given to the patient
via nasogastric tube. Informed consent was administered before FMT.

DNA extraction and 16S rRNA gene sequencing

The recipient was instructed to collect stool samples one day before FMT,   and at 1 week, 3 weeks and 2
months after FMT. The stool samples from the donor and recipient were stored at −80°C until further
processing. Fecal DNA was isolated using a commercial DNA isolation kit (QIAamp DNA stool mini kit;
Qiagen, Germany) by following the manufacturer’s protocol. DNA concentration and integrity measured
with a NanoDrop ND-1000 spectrophotometer (Thermo Fisher Scienti�c, USA), and the agarose gel
electrophoresis, respectively. The 16S rRNA gene hypervariable V3-V4 region was PCR-ampli�ed using the
primers 338F (5’-ACTCCTACGGGAGGCAGCA-3’) and 806R (5’-GGACTACHVGGGTWTCTAAT-3’) for
sequencing on the Illumina Miseq platform (Illumina, USA).

Microbiota Analysis

Raw data were processed using the Quantitative Insight into Microbial Ecology (QIIME), version 1.8.0[16].
First, the raw reads were �ltered for adaptors and low-quality reads[17, 18], and each paired-end read was
joined using FLASH (version 1.2.7, http://ccb.jhu.edu/software/FLASH/)[19]. Then sequences were
chimera checked using UCHIME80, clustered into operational taxonomic units (OTUs) at a 97% identity
cutoff, and aligned against the Greengenes database (release 13.8,
http://greengenes.secondgenome.com/)[20, 21]. Alpha diversity exhibited as Chao1 (species richness)
and Shannon (species diversity) were calculated using the QIIME 1.8.0 software. These OTUs were
subsequently used to calculate alpha-diversity indices (Chao1 and Shannon) and beta-diversity metrics

http://ccb.jhu.edu/software/FLASH/
http://greengenes.secondgenome.com/
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(weighted and unweighted UniFrac distances) using QIIME 1.8.0 software. Associations between the
relative abundances were explored using the Spearman rank correlation coe�cient (rho > 0.6 and P <
0.01).

Clinical data

Clinical data of the patient were obtained from Henan Provincial People's Hospital a�liated to
Zhengzhou University.
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Figure 1

Surgical incision and renal function indexes in the patient post-FMT. (A) Surgical incision for kidney
transplantation in the patient. (B) Serum creatinine and blood urea nitrogen (BUN) levels.
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Figure 2

Alpha and beta diversity of the gut microbiota of the donor and the patient pre- and post-FMT.
Histograms compared Chao1 index (A) and Shannon index (B) of the fecal microbiome in the donor and
the patient pre- and post-FMT. PCoA plots showed the microbial community variation of the donor and
the patient pre- and post-FMT based on weighted UniFrac distance (C) and unweighted UniFrac distance
(D). D, donor; R, recipient; FMT 1W, FMT 3W and FMT 2M represented 1 week, 3 weeks and 2 months after
FMT.
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Figure 3

Gut microbial compositions of the donor and the patient pre- and post-FMT. (A) Cumulative histograms
representing average distributions of major taxa at genus level. D, donor; R, recipient; FMT 1W, FMT 3W
and FMT 2M represented 1 week, 3 weeks and 2 months after FMT. (B) Pie chart representing the relative
abundance of Klebsiella (red). (C) Network diagrams showing the relationship between Klebsiella and
other genera. Red indicated positive correlation and blue indicated negative correlation.
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