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Abstract

Background: Cyst infection is a frequent and serious complication of autosomal dominant polycystic
kidney disease (ADPKD). It is often difficult to treat and can be fatal, but much is still unknown about this
type of infection. Hematogenous spread via bacterial translocation in the intestine is considered to be the
main cause, so intestinal flora may be involved. However, the exact role of the intestinal flora in cyst
infection in ADPKD is unknown.

Case presentation: We report a 66-year-old woman and a 56-year-old man with ADPKD who had severe
hepatic cyst infection. We analyzed the microbiome of infected cyst content, feces, and saliva in these
two patients. The microbiome of patient 1 showed various bacteria in an infected cyst, whereas that of
patient 2 showed only one bacterium. In both patients, the composition of the microbiome of the cyst
content was quite different from those of feces and saliva, and the main bacteria in the infected cyst
content represented a small proportion of those in feces and saliva.

Conclusions: Cyst infection in ADPKD can be caused by a single bacterium or multiple bacteria, and cyst
content culture or blood culture may identify only some of the causative bacteria. The association
between bacteria in cysts and those in feces or saliva remains uncertain, and further research on this
topic is needed.

Introduction

Autosomal dominant polycystic kidney disease (ADPKD) is a common inherited disease [1], and cyst
infection is a frequent and serious complication. Studies estimated that 30—50% of patients with ADPKD
experience some form of kidney infection during their lifetime [2, 3], although cyst infection leading to
hospitalization is much less frequent, occurring in approximately 9% of patients [4]. These infections
sometimes become resistant to treatment and can be fatal, even when appropriate antibiotics are
administered [4-6]. However, much is still unknown about cyst infection in ADPKD. The most common
causative bacteria were reported to be enterobacteria [4, 5, 7]. Previously, we reported that cyst infection
due to retrograde infection is rare and that the main cause of cyst infection is considered to be
hematogenous spread via bacterial translocation in the intestine. Therefore, the intestinal flora is
considered important for cyst infection, and it was found to play important roles in many kind of diseases
[8]; however, its role in cyst infection in ADPKD is unknown.

In this article, we present the analysis of the microbiome of infected cysts, feces, and saliva in two
patients with ADPKD. As far as we know, this is the first report on the microbiome in patients with cyst
infection in ADPKD.

Case Presentation

Case 1
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This patient was a 66-year-old Japanese woman with ADPKD who had been on dialysis for 14 years. She
had undergone renal transcatheter arterial embolization (TAE) 7 years previously and had complete
anuria. She developed left flank pain and fever and received an oral antibiotic (cefcapene pivoxil
hydrochloride hydrate, 200 mg/day). Her symptoms improved temporarily, but then they recurred, and 7
days later she was referred to our hospital. This was her first episode of cyst infection. At admission, her
body temperature was 38.0 °C and she had mild left flank pain. Her serum C-reactive protein level was
14.1 mg/dL, and her white blood cell count, 6,200 /uL. Her blood culture test was negative.

Imaging examinations

Abdominal computed tomography (CT) was performed, as reported previously [9, 10]. Magnetic
resonance tomography (MRI) was also performed to obtain transverse and sagittal T1-weighted images
(TTWI), T2-weighted images (T2WI), and diffusion-weighted images (DWI), as reported previously [9, 10].
We diagnosed an infected hepatic cyst according to our diagnostic criteria [9, 10] (Supplementary File 1).
The cyst showed intracystic fluid-fluid level and high intensity on the MRI DWI (Figure 1).

Hospital treatment

We administered an intravenous antibiotic (cefmetazole sodium, 1 g/day). However, because of
the continued fever and large size of the infected renal cyst (diameter: 6 cm), we decided to drain the cyst.
The cyst content was dark, but the cyst content culture test result was negative. We also obtained
samples of feces and saliva and compared her microbiome with that of the cyst content. After cyst
drainage, her symptoms improved gradually, and she was discharged from the hospital.

Microbial characterization

We identified 106 genera and 11 phyla of bacteria and archaea in the microbiomes of the cyst
content, feces, and saliva of the patient (Additional File 2). The top 10 most abundant genera and phyla
in the infected cyst content are shown in Figure 2. In the cyst content, the prevalence of Clostridiaceae; g
was the highest (15%), followed by Blautia (13%) and Enterobacteriaceae (11.4%). However, the
proportions of the 10 most abundant genera and phyla in the cyst content were not as high in feces and
saliva, although Streptococcus represented 25% of the genera in saliva (Figure 2). The V3-V4 regions of
16S ribosomal RNA gene sequence of T1 have been deposited in GenBank/DDBJ/EMBL under accession
number SAMD00291257.

Case 2

This patient was a 56-year-old Japanese man with ADPKD who had been on dialysis for 15 years. He had
undergone renal TAE 6 years previously and had complete anuria. He was transferred to our hospital from
other hospital, where he had been hospitalized for 2 months because of a refractory hepatic cyst
infection. At that hospital, he had received an oral antibiotic (moxifloxacin hydrochloride, 400 mg/day)
and an intravenous one (panipenem/betamipron, 0.5 g/day) for a total of 2 months. At admission to our

hospital, his body temperature was 37.0 °C and he had a dull pain throughout the abdomen. His serum C-
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reactive protein level was 17.1 mg/dL, and his white blood cell count, 8,900 /uL. He had a history of one
cyst infection 15 months previously.

Imaging examinations

Abdominal CT and MRI were performed, as reported previously [9, 10]. We diagnosed an infected
hepatic cyst according to our diagnostic criteria [9, 10] (Additional File 1). MRI (DWI) showed high
intensity in the cyst, and MRI (T1 weighted image and T2 weighted image) and CT showed cyst wall
thickening (Figure 3).

Hospital treatment

At our hospital, we initiated intravenous antibiotic administration (cefmetazole sodium, 1 g/day),
but the patient’s symptoms worsened, so we switched to intravenous administration of meropenem, 0.5
g/day. However, the symptoms still did not improve. Therefore, we drained the cyst on day 16 after
transfer to our hospital. The cyst content was dark, and the cyst content culture test identified Escherichia
coli. As in Case 1, we also obtained samples of feces and saliva for analysis. After cyst drainage, his
symptoms improved gradually, and he was discharged from the hospital.

Microbial characterization

We identified 106 genera and 11 phyla of bacteria and archaea in the microbiomes of the cyst
content, feces, and saliva of the patient (Additional File 3). The top 10 most abundant genera and phyla
in the infected cyst content are shown in Figure 4. In the cyst content, the prevalence of Proteobacteria f
was the highest (89.4%), followed by Agrobacterium (3.6%) and Ruminococcus (0.9%). In the feces the
most common of these 10 most abundant genus or phyla were Enterococcus (46.2%), followed by
Lactobacillus (32.3%), and Firmicutes (18.3%); in the saliva, the percentage of Lactobacillus was 30.5%;
of Firmicutes, 29.9%; and of Staphylococcus was 25.8% (Figure 4). The V3-V4 regions of 16S ribosomal
RNA gene sequence of T2 have been deposited in GenBank/DDBJ/EMBL under accession number
SAMD00291258.

Discussion

We present two different cases of patients with ADPKD and hepatic cyst infection. The microbiome of the
infected cyst in Case 1 revealed various bacteria, even though this was the patient’s first episode of a cyst
infection. In contrast, the microbiome of the infected cyst in Case 2 revealed a single bacterium, even
though the infection had been present for two months.

The finding in Case 1 suggests that cyst infection can be caused by multiple bacteria simultaneously,
which is consistent with our previous study on the causative bacteria found in cultures of the cyst content
and blood from patients with cyst infection [5]. In that study, we reported that, in some patients, multiple
bacteria were cultured in blood or cyst content, and in about half of the patients with positive results for

both blood and cyst content culture tests the causative bacteria were not the same in the blood and cyst
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content cultures. Our current study showed that a much greater variety of bacteria can be present
simultaneously in the same infected cyst than we found in our previous study. Taken together, our
findings suggest that bacteria cultured in blood or cyst content represent only some of the bacteria
causing the infection. In fact, the sensitivity of a bacterial culture test may be relatively low for several
reasons, such as use of an inappropriate culture medium that does not allow some bacteria to grow. If
physicians encounter patients with a cyst infection that is resistant to antibiotic therapy, we recommend
that they consider that bacteria cultured in blood or cyst content may represent only some of the
causative bacteria and that they try changing the antibiotic strategy to target other kinds of bacteria aside
from the cultured bacteria.

In contrast, our findings in Case 2 suggest that a cyst infection can also be caused by a single type of
bacterium. The cyst culture test revealed E coli, which was sensitive to cefmetazole and meropenem.
However, antibiotic therapy with cefmetazole or meropenem was ineffective in this patient. This antibiotic
resistance might have been due to poor penetration of these antibiotics into the cyst because both
cefmetazole and meropenem are water-soluble antibiotics. This suggestion is supported by our previous
finding that penetration of meropenem into cysts is poor [11].

Interestingly, in both cases the composition of the cyst content microbiome was quite different from that
of feces or saliva. In addition, the proportion of the main genera and phyla in the cyst content was much
lower than that in feces and saliva. These results might be inconsistent with our hypothesis that bacterial
translocation is the main cause of cyst infection. We had expected that the causative bacteria of the cyst
infection would be the major bacteria in the intestine. However, our finding that the causative bacteria
were not highly prevalent in feces and saliva indicates that bacterial mass may not be important for
bacterial translocation. This is the first report on the microbiome in patients with cyst infection in ADPKD,
however this is a report of just two cases. The association between bacteria in cysts and those in feces
and saliva remains uncertain, and further research on this topic is needed.

In conclusion, we present two cases of cyst infection in ADPKD in which the microbiome of the cyst
content was quite different. Cyst infection in ADPKD can be caused by a single bacterium and by multiple
bacteria. The composition of the microbiome of cyst content can be quite different from that of feces and
saliva. More research is needed on this topic.

Abbreviations

ADPKD: Autosomal dominant polycystic kidney disease
TAE: transcatheter arterial embolization

CT: computed tomography

MRI: Magnetic resonance tomography

T1WI: T1-weighted images
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T2WI: T2-weighted images

DWI: diffusion-weighted images
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(MRI-T1WI)

(MRI-T2WI) (MRI-DWI)

Figure 1
CT and MRI findings (T1WI, T2WI, and DWI) in Case 1. The infected hepatic cyst shows iso-density with

normal cyst on CT and iso-intensity with normal cysts on qWI and T2WI. It showed intracystic fluid-fluid
level and high intensity on DWI.
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(MRI-T1WI)
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Figure 3

CT and MRI findings (TT1WI, T2WI, and DWI) in Case 2. The infected hepatic cyst shows slightly higher
density than normal cyst on CT. The infected renal cyst shows a higher intensity on DWI and T1WI than
normal cysts, while it has a lower intensity on T2WI. Cyst wall thickening is seen on all images of MRI.
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Figure 4

Top 10 most abundant genera in infected cyst of Case 2 is presented compared to other categories.
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