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Background: Ralstonia mannitolilytica, an emerging opportunistic pathogen, can infect immunocompromised patients but is a rare
cause of severe sepsis and septic shock in kidney transplant recipients (KTRs).

Case Presentation: We present a case of septic shock after renal transplant in a 41-year-old male, which was finally proven to be caused by
Ralstonia mannitolilytica through blood cultures and mass spectrometric analysis following the negative result of metagenomic next-generation
sequencing (mMNGS). He was finally cured after the application of sensitive antibiotics (sulfamethoxazole-trimethoprim, amikacin and
piperacillin-tazobactam) based on the drug sensitivity test results. The patient had a satisfactory recovery with no complications during a 6-
month follow-up period.

Conclusion: This study highlights that Ralstonia mannitolilytica is an easily overlooked cause of septic shock in KTRs requiring a
detailed inquiry of medical history with inflammatory markers monitored closely. Traditional blood cultures still should be taken
seriously. It also provides a cautionary tale that negative results of mNGS have to be interpreted with caution.
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Introduction

Ralstonia mannitolilytica (R. mannitolilytica) is one of the most prevalent species of the Ralstonia genus.' It refers to a
gram-negative, oxidase-positive, non-fermentative rods typically distributed in environmental habitats such as water, soil and
plants.' The incidence of R. mannitolilytica opportunistic infection is relatively low, but it can cause health lesions, such
as pneumonia, abdominal infection, bacteremia, cystic fibrosis infection and meningitis, etc, especially in immunocompro-
mised patients.>*® Two reports have described it as a pathogen of infection in kidney transplant recipients, who need
maintenance immunosuppression indefinitely after transplantation to prevent chronic rejection and promote long-term
allograft survival. The clinical manifestations of them were mild and they were finally cured after giving sensitive
antibiotics, such as cefoperazone-sulbactam or cefepime.”'® Here, we describe a rare case with rapidly progressive sepsis
caused by R. mannitolilytica after kidney transplantation. The pathogen, R. mannitolilytica, was identified by conventional

blood culture rather than metagenomic next-generation sequencing (mNGS).

Case Presentation
A 41-year-old male haemodialysis patient underwent a live-related donor kidney transplantation in our hospital. His

healthy father aged 64 years volunteered to donate a kidney after a careful evaluation of potential living kidney donors.
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Both of them were evaluated preoperatively with complete clinical examination and imaging workup showing no surgical
contraindication and no signs of inflammation or infection during hospitalization. Standard-dose tacrolimus, mycophe-
nolate mofetil and prednisone were given to the recipient for immunosuppression following the transplant. Although the
third-generation cephalosporin (ceftizoxime) was given to prevent infection, the patient experienced transient fever (38 °
C) on the first postoperative night. Therefore, routine blood tests and inflammatory indexes were immediately performed
and the antibiotic was upgraded to biapenem (0.3g, q8h). However, on the next night, the fever returned and the
temperature was as high as 39.5°C after sudden chills. We immediately performed laboratory tests again including blood
culture, blood routine, coagulation function, inflammatory indexes and other related tests before administration of
dexamethasone (10mg, i.v.). The body temperature lowered somewhat by giving dexamethasone. However, an hour
later he suddenly developed chest tightness, dyspnea and altered consciousness. Meanwhile, his blood pressure decreased
to 76/40 mmHg, accompanied by tachycardia (140-160 beats/min) and decreased urine output (20 mL/h). Intravenous
biapenem antibiotics, albumin and rehydration fluids were given immediately with oxygen support. The patient’s vital
signs gradually returned to normal and urine output also improved after 20 minutes of administration.

Immediately afterwards, color Doppler ultrasound showed good blood flow to the transplanted kidney with no
significant perinephric effusion. Bleeding disorders were excluded. The laboratory tests were used to continuously
monitor the treatment outcomes. The results of tests previous mentioned were timely reported as showed in Table 1.
Thus we believed that he was suffering from severe septic shock with suspected pulmonary embolism. In the third
postoperative day, the patient underwent a chest computed tomography (CT) to rule out the pulmonary embolism. The
maintenance dosages of immunosuppressant were adjusted to the minimum effective dose. And the antibiotics were also
empirically adjusted to biapenem (0.3g, q8h), linezolid (0.6g, q12h), and caspofungin (50mg, qd). His blood samples, urine
samples and the post-surgical fluids (PSF) samples collected from perirenal surgical drains were sent for mNGS and
traditional bacterial culture, respectively. But no clear pathogen was found in results of mNGS on the fifth postoperative
day. With the exception of the positive blood culture on sixth postoperative day, all other pathogen tests were negative. The
aerobic and anaerobic bottles of all four standard blood culture sets grew R. mannitolilytica (Figure 1). The cultured isolate
was confirmed by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS; Bruker,
Germany). So we adjusted the antibiotic to compound sulfamethoxazole-trimethoprim (960mg, q8h), amikacin (0.2g,
q12h) and piperacillin-tazobactam (4.5g, q8h) according to the results of drug sensitivity tests (Table 2). This regimen was
continued for 8 days. Blood cultures were persistently negative for bacterial growth over the period, and the inflammatory
indicators (including procalcitonin (PCT), C-reactive protein (CRP), neutrophils, white blood cells, etc.) decreased
significantly or returned to normal. The patient was no longer febrile. Then only sulfamethoxazole-trimethoprim
(480mg, q12h) was carried on for 3 weeks as consolidation therapy. The patient was cured thereafter. No other infectious

Table | Laboratory Findings

Laboratory Test Second Shock Third Eighth 17th 27th Reference
Postoperative Time Postoperative | Postoperative | Postoperative | Postoperative Range
Day Day Day Day Day
Leukocyte (10%/L) 14.78 2.55 12.94 742 2.14 4.82 3.5-95
Neutrophils (10°/L) 14.12 251 12.48 6.73 1.34 3.48 1.8-6.3
Lymphocytes (10°/L) 0.11 0.03 0.16 0.25 0.40 0.71 1.1-3.2
Platelets (10°/L) 131 62 51 29 92 184 125-350
CRP (mg/L) 25.69 13.52 52.68 8.8l 6.00 <0.50 0-10
PCT (ng/mL) 0.30 >200 >200 8.39 0.27 N 0-0.05
D-dimer (ug/mL) 6.73 57.35 23.04 6.70 N 234 0-0.55
FDP (ug/mL) 25.08 226.44 108.09 21.85 N 6.90 0-5
Creatinine (umol/L) 141 151 163 204 136 112 58-115
Urea (mmol/L) 10.2 14.0 15.8 315 9.1 13.1 3.2-7.1
BNP (pg/mL) 2620 2680 11,400 5160 4730 N 0-125

Abbreviations: CRP, C-reactive protein; PCT, procalcitonin; FDP, fibrin degradation product; BNP, brain natriuretic peptide; N, none.
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Figure | Colony characteristics and gram staining of R. mannitolilytica. (A) R. mannitolilytica grew on Columbia blood agar for 24 hours. Colonies are round, small, |-2mm,
grey, moist. (B) Gram staining suggested gram-negative bacilli in the blood culture bottle (10%100). R. mannitolilytica is indicated by arrows.

foci were found anywhere else in the body. Transient impairment of renal function were associated with hypoperfusion
during septic shock and application of large quantity of antibiotics. Fortunately, creatinine levels returned to normal values
before hospital discharged on the 27th postoperative day (Table 1). After 6 months of follow-up, all his lab test indicators
returned to normal.

Supplementary intensive inquiry of patient’s history after controlling for septic shock revealed that the patient had
similar episodes of chills and fever three times during the two-year dialysis period before kidney transplantation. Because
of the mild symptoms and fast relief after empirical treatment, the course of the infection did not attracted sufficient
attention. The patient did not consider such mild events as important enough to mention to his doctor before transplanta-
tion. Considering the potential nosocomial infection, we tested 16 samples from the patient and his surroundings in the
hospital, including central venous catheter, skin, drinking water and water cups, etc. Each sample was swabbed by pre-
moistened sterile cotton swabs and inoculated into broth medium for incubation. But no R. mannitolilytica was found,
indicating that it did not come from these sites. Based on these two points, we believe that R. mannitolilytica may be a
chronic colonization state.

Discussion and Conclusions

The species of Ralstonia genus, in order from most to least common, were R. pickettii, R. mannitolilytica, R.
solanacearum (Previously Burkholderia pickettii and B. solanacearum), R. insidiosa, and R. syzygii.'' There were
some reports caused by R. mannitolilytica, such as cystic fibrosis with infection, pneumonia, bacteremia, dialysis tube

Table 2 Susceptibility of Antibiotics to the Ralstonia mannitolilytica Isolate

Antibiotic R/S MIC ug/mL | Antibiotic R/S MIC ug/mL
Ampicillin R >16 Gentamicin S <2
Amikacin S <8 Imipenem R >8
Aztreonam R >16 Levofloxacin R >8
Chloramphenicol R >16 Meropenem R >8
Ceftazidime S <I Moxifloxacin R >4
Ciprofloxacin R >2 Ampicillin Sulbactam R >|6/8
Cefotaxime S 8 sulfamethoxazole- trimethoprim S <0.5/9.5
Cefazolin R >16 Piperacillin-tazobactam S <4/4
Cefepime S <2
Abbreviations: R, resistant; S, susceptible; MIC, minimum inhibitory concentration.
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infection and burn wound infection, etc.>>'' So far, in kidney transplant recipients (KTRs), there are only two reports
about R. mannitolilytica infection from urine samples. They showed only mild symptoms of fever and were quickly cured
with the application of sensitive antibiotics.”'® But this is the first case of severe septic shock after kidney transplantation
due to hematogenous infection of R. mannitolilytica, considered to be colonizer reactivation after transplant. The
colonization may be related to long-term dialysis and the site of colonization may be his former tunneled hemodialysis
catheter. Medical water is considered as a high risk factor for R. mannitolilytica infection, and there have been several
reports of nosocomial infection outbreaks of R. mannitolilytica due to water contamination.'>'* We tested 16 samples in
the surrounding environment of the patient and no R. mannitolilytica was detected, indicating that the bacteria did not
come from our hospital and did not spread to the surroundings.

R. mannitolilytica is an opportunistic pathogen. ICU inpatients and immunodeficiency patients are high-risk groups.'
This case was frail after transplantation, and the concurrent application of immunosuppressive agents led to the re-
activation of R. mannitolilytica, which caused severe septic shock. So R. mannitolilytica can impell opportunistic
infection in immune-compromised patients ensuing from asymptomatic or mildly symptomatic colonization to severely
pathogenic forms. Although mNGS has played an important role in the diagnosis of infectious diseases in recent years,
especially in rare pathogenic infections,'* it failed to effectively identify R. mannitolilytica this time. We checked the raw
data of mNGS, and found that there were 33, 26 and 5 reads of R. mannitolilytica nucleic acid fragments in blood, urine
and PSF samples, respectively. Due to the low number of reads, the bacterium did not attract the attention of examiners
and was excluded from subsequent analysis. R. mannitolilytica was finally diagnosed by traditional blood culture,
suggesting blood culture still plays a huge role in diagnosis infectious disecase sometimes.

Daxboeck et al'> showed that there were obvious genotypic and phenotypic differences among R. mannitolilytica
strains from different sources, and therefore differences in antibiotic susceptibility. The treatment and management of R.
mannitolilytica infection is often challenging, because it is frequently resistant to numerous different types of antibiotics,
including several B-lactams, carbapenems and most of the aminoglycosides. It has also been shown in the literature that,
R. mannitolilytica may be susceptible to cefepime, ciprofloxacin, sulfanilamide, amikacin, cefoperazone-sulbactam and
piperacillin-tazobactam.”'%'> In this case, drug susceptibility testing showed that R. mannitolilytica was resistant to
carbapenems, but sensitive to sulfamethoxazole-trimethoprim, piperacillin-tazobactam and amikacin. Immediately after-
wards, we promptly adjusted empiric coverage to sensitive antibiotics and the infection was controlled in time. We
treated the patient with the three sensitivity drugs for 8 days and confirmed the significant efficacy with continuous
negative blood cultures, significant decrease or reduction to normal in inflammatory indexes (including PCT, CRP,
neutrophils, white blood cells, etc.), and no re-fever in the patient. The prolonged use of sulfamethoxazole-trimethoprim
alone for three weeks was intended not only to consolidate treatment as a sensitive antibiotic for R. mannitolilytica, but
also as a prophylactic measure for pneumocystis carinii pneumonia. In this case, PCT was very high at onset and dropped
significantly after effective treatment, so PCT might be helpful in assessing the severity of R. mannitolilytica infection
and the treatment efficacy.

This case provides a cautionary tale for working on kidney transplant. Uremic patients should be asked carefully
before transplant about the detailed history of prior infections, such as recurrent fever and sudden chills. Heightened alert
regarding R. mannitolilytica infection is needed to allow early diagnosis and treatment, especially for live donor kidney
transplantation because of its controllability. A negative mNGS result needs to be interpreted with caution. The low yield
of mapped reads may cause false-negative mNGS results, even in those culturable pathogens. Traditional blood cultures
still need to be taken seriously. In this case, the blood cultures were not performed at the time of the first postoperative
fever because it was a transient low fever without accompanying symptoms, which was considered likely to be a
physiologic pyrexia after operation. This has taught us a lesson that early postoperative fevers should not be under-
estimated for KTRs. The combination of the mNGS and traditional methods can increase the detection rate.

In conclusion, this paper reports a case of severe septic shock after kidney transplant caused by R. mannitolilytica
infection, which was finally diagnosed by blood culture. For KTRs who suffer from R. mannitolilytica infection, detailed
medical history, early detection, timely targeted anti-infection and symptomatic supportive treatment can bring more
favorable outcomes.
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