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Background: Yersinia pseudotuberculosis is known to cause fever, gastroenteritis, or acute kidney injury (AKI). There
have been several Y. pseudotuberculosis infection outbreaks to date associated with ingestion of contaminated food
or unsterile water. While this disease was considered to have practically been eradicated with the improvement in
public health, we encountered several cases of AKI associated with Yersinia infection.
Methods: We retrospectively collected data from medical records of patients with suspected Y. pseudotuberculosis
infection who visited Seoul National University Children’s Hospital in 2017.
Results: There were nine suspected cases of Yersinia infection (six males and three females; age range 2.9912.18 years). Among them, five cases occurred in May, and seven patients were residing in the metropolitan Seoul
area. Three patients had history of drinking mountain water. Every patient first presented with fever for a median of
13 days, followed by gastrointestinal symptoms and oliguria. Imaging studies revealed mesenteric lymphadenitis,
terminal ileum wall thickening, and increased renal parenchymal echogenicity. Creatinine levels increased to 5.72 ±
2.18 mg/dL. Urinalysis revealed sterile pyuria, proteinuria, and glycosuria. Oliguria continued for 4 to 17 days, and two
patients required dialysis; however, all of them recovered from AKI. Mucocutaneous manifestations developed later.
In the diagnostic work-up, Yersinia was isolated from the stool culture in one patient. Anti-Yersinia immunoglobulin (Ig)
A and IgG were positive in 6 patients.
Conclusion: Y. pseudotuberculosis infection is an infrequent cause of interstitial nephritis presenting with AKI. When
a patient presents with fever, gastroenteritis, and AKI not resolving despite hydration, the clinician should suspect Y.
pseudotuberculosis infection.
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Introduction
Yersinia pseudotuberculosis is a gram-negative organism and a zoonotic pathogen detected in various animal
reservoirs [1]. It is widespread in the environment and
transmitted through unsterilized water or contaminated
food (such as iceberg lettuce and carrots) [2,3]. Gastroenteritis and mesenteric lymphadenitis are the most
common forms of Y. pseudotuberculosis infection [4],
presenting with fever and abdominal pain, mimicking appendicitis [5,6]. Y. pseudotuberculosis infection
is known to be self-limited [7], but in severe cases with
bacteremia or gastrointestinal bleeding, it needs to be
treated with antibiotics because it shows high mortality [8-10]. Y. pseudotuberculosis infection can also be
accompanied by cutaneous rash and desquamation or
thrombocytosis resembling Kawasaki disease [11]. It
may also impair renal function; in previous reports from
Korea, acute kidney injury (AKI) developed in 13.6% of
cases [12,13], which had a benign course, and renal replacement therapy was required in 2% to 14% [12,14,15].
There were a few publications on Y. pseudotuberculosis
infection associated with mountain well or unsterilized
water in Korea [12,15,16]. In Japan, outbreaks of infection by Y. pseudotuberculosis also occurred frequently
in the late twentieth century, which was called Izumi
fever before the etiology was discovered as being linked
to Y. pseudotuberculosis infection [17]. Most patients
had fever, gastrointestinal symptoms, and desquamation, resembling acute appendicitis or Kawasaki disease
[11]. Multiple outbreaks of Yersinia infection have been
increasingly reported worldwide and were found to be
associated with raw food and animals by epidemiological
and environmental investigation [2,3,18].
In Korea, since 1996, there has been no report of any
Y. pseudotuberculosis outbreaks, leading us to consider
it as eradicated due to improvements in public health.
However, in 2017, we encountered several children who
presented with a typical clinical course of Y. pseudotuberculosis -associated AKI. Here, we report our experience thereof.

Methods
We retrospectively reviewed children who presented
at Seoul National University Children’s Hospital in 2017
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with AKI, which was suspected to be associated with Y.
pseudotuberculosis infection. Clinical diagnosis of Y.
pseudotuberculosis -associated AKI was made when the
patient had AKI, gastrointestinal symptoms, and fever,
and other plausible causes including hypovolemia were
not found. AKI was defined when there was an increase
in creatinine (Cr) level by 0.3 mg/dL, a 50% increase in
Cr level from baseline, or urine output less than 0.5 mL/
kg/hour for more than 6 hours. Serum Cr concentration
at discharge from hospitalization was considered as the
baseline value [19]. Their medical records including demographics, clinical manifestations, laboratory findings,
and treatment were reviewed. Ultrasonography findings
or abdomen computed tomography (CT) scan results
were also reviewed.
When patients and their guardians agreed, blood
samples from patients were tested for anti-Yersinia antibodies as previously reported [20]. Serum samples were
analyzed at the Division of Bacterial Diseases, Center for
Laboratory Control of Infectious Diseases, Korea Centers
for Disease Control and Prevention (KCDC). Immunoglobulin (Ig) A and IgG binding to Yersinia outer proteins
(Yops) was quantified by enzyme-linked immunosorbent
assay (ELISA) using a commercial kit, Serion ELISA classic Yersinia IgG/IgA (Serion, Würzburg, Germany). Measurements were repeated six times, and the mean value
was reported. The result was regarded as positive when
the optical density (OD) (405 nm) of IgG was more than
0.35 and the OD (405 nm) of IgA was more than 0.56 according to the manufacturer’s instructions. To culture the
Yersinia species in the stool, cefsulodin-irgasan-novobiocin agar was used.
Estimated glomerular filtration rate (eGFR) was calculated by the updated bedside Schwartz equation: eGFR =
0.413 × height (cm)/serum Cr (mg/dL). Proteinuria was
referred to as urine protein/urine Cr ≥ 0.2 mg/mg in the
first morning urine or albuminuria ≥ 1+ in dipstick urinalysis.
All procedures performed in studies involving human participants were in accordance with the ethical
standards of the Institutional and/or National Research
Committee under which the studies were conducted
(Institutional Review Board [IRB] of Seoul National University Hospital, IRB approval number: H-1810-146-983)
and with the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards.
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Results

Clinical manifestation

Demographics

Table 1 shows the clinical manifestation and clinical course of the patients. Generally, fever was the first
symptom, followed by gastrointestinal symptoms, rash,
and renal manifestation, and desquamation developed
as the last symptom when present. Every patient first presented with fever. The mean duration of fever was 13 days
(range, 6-20 days). Fever was persistent (monophasic) in
six patients, while it had subsided but returned once (biphasic) in two patients or twice (triphasic) in one patient.
Then, gastrointestinal symptoms of abdominal pain and/
or diarrhea or loose stool were seen. Maculopapular rash
was later observed in four patients, and three showed
desquamations, resembling Kawasaki disease. None of
them showed strawberry tongue or erythema nodosumlike cutaneous manifestation. In a median of six days after fever onset, oliguria < 0.5 mL/kg/hour of urine output
was noted in five patients, and two showed decrease in
urine output to < 1 mL/kg/hour. Oliguria persisted for a
median of five days (range, 4-17 days) accompanied by
generalized edema or pleural effusion that resolved along
with improvement in renal function. Hypertension also

In 2017, a total of nine patients ( male:female, 6:3) at our
center were clinically diagnosed with Y. pseudotuberculosis -associated AKI and enrolled in this study. The presenting months were May for six patients, and February,
April, and November for the others. The mean age was
7.5 years (range, 2.9-12.1 years). Six patients resided in
Seoul, two in Gyeonggi Province, and one in Jeollabukdo. Only three patients recalled a history of drinking untreated well or mountain water. Another three patients
had other family members having similar symptoms
diagnosed as acute gastroenteritis or scarlet fever within
one week of the patient’s visit. Since we experienced a
cluster of patients with clinical diagnosis of Y. pseudotuberculosis- associated AKI in May, we reported this
presumed outbreak to the KCDC. Epidemiological and
environmental investigations were conducted by KCDC;
however, infection sources were not identified [21].

Table 1. Clinical manifestations and clinical course of nine cases
Case No.
Fever patterns
Symptoms onset day from fever (d)
Abdominal pain
Diarrhea or loose stool
Rash
Oliguria
Symptom duration (d)
Fever
Abdominal pain
Diarrhea or loose stool
Rash
Oliguria
Urine output (mL/kg/hour)b
Hypertension
Generalized edema
Mucocutaneous manifestations
Desquamation
Strawberry tongue
Conjunctival injection
Erythema nodosum

1a
Mono

2
Mono

3
Bi

4
Mono

5
Mono

6a
Tri

7
Mono

8a
Bi

9
Mono

Average

3
3
4

3
3
8

0
7

2
0
7
3

5
5
6

7
0
8

0
5

0
6
0
7

8
8
10

3.0
4.1
2.5
6.4

6
8
16
2
6
0.8
N/A
+

12
10
11
5
0.8
+

20
8
2
4
< 0.5
+ (> 95p)
+

11
9
4
1.5
N/A
+

14
14
3
3
7
< 0.5
N/A
+

17
8
4
5
N/A
+
-

13.0
9.3
8.9
3.0
6.3

-

+
-

+
-

-

+
-

-

8
7
7
5
< 0.5
+
-

11
18
9
13
5
4
17
< 0.5
< 0.5
+ (> 90p) + (> 90p)
+
+
-

-

Bi, biphasic; Mono, monophasic; N/A, not applicable; p, percentile adjusted for age and sex; Tri, triphasic; -, no symptoms.
a
Those who had history of drinking mountain water. bThe lowest urine output for six hours during admission.
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ultrasonographic (n = 6) or CT (n = 3) findings, the wall
of the terminal ileum or ascending colon was thickened
in five patients (71.4%, 5/7). Increased or enlarged echogenicity of mesenteric lymph nodes was noted in four
patients (57.1%, 4/7). Furthermore, four patients showed
gallbladder wall edema (44.4%, 4/9), and six had ascites
(66.7%, 6/9). Echocardiography was performed in eight
patients, revealing that there was neither coronary artery
dilatation nor cardiac dysfunction.

Management and follow up

Days after fever onset

Figure 1. Time-course of serum creatinine levels after the onset of symptoms.

developed in four patients, and one of them presented
with posterior reversible encephalopathy syndrome.

Laboratory and imaging findings
Leukocytosis (white blood cell [WBC] count > 10,000/
mm 3) and anemia (hemoglobin level lower than the
normal value adjusted for sex and age) were noted in all
patients. Thrombocytosis (platelet count > 400,000/mm3)
was detected in seven cases (77.8%). C-reactive protein
level was markedly elevated in all patients; the mean value was 24.04 mg/dL. Erythrocyte sedimentation rate also
accelerated to > 20 mm/hour when tested (n = 5). Serum
Cr level increased in all patients, with the average peak
value of 5.72 mg/dL (range, 3.03-9.22 mg/dL; Fig. 1).
Urine analysis revealed proteinuria (median peak urine
protein/Cr level, 2.28) in every patient, glucosuria in
eight (88.9%), sterile pyuria in seven (77.8%), and microscopic hematuria in four patients (44.4%) (Table 2). Fractional excretion of sodium (FENa) was greater than 1% in
eight patients tested, with average value of 4.8% (range,
1.2-13.4). The Widal test, which is known to cross-react
with the Yersinia antigen [22], was performed in eight
patients, but only one patient showed a positive result
with a Widal test O titer of 1:160. Complement levels of
C3 and C4 were normal when tested (n = 6). Stool culture
was done in every patient, and Y. pseudotuberculosis was
isolated in only one patient.
Increased renal parenchymal echogenicity or renal parenchymal swelling was found in all seven patients who
underwent kidney ultrasonography (100%). In abdominal
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The mean disease duration between the onset of symptoms and discharge from hospitalization was 19 days
(10-32 days). All patients received conservative treatment including fluid therapy. All patients were initially
treated with antibiotics including 3rd-generation cephalosporin, piperacillin/tazobactam, or metronidazole, targeting bacterial enteritis. Antibiotic administration was
discontinued when Y. pseudotuberculosis infection was
suspected and blood culture turned out negative. Diuretics were administered in six patients to manage oliguria
and generalized edema. Renal replacement therapy was
required in two patients, intermittent hemodialysis in
one, and continuous renal replacement therapy in another. At discharge, serum Cr level was normalized in every
patient (Fig. 1).
Seven patients were followed for more than three
months (median, 216 days; range, 198-517 days). At the
last follow-up, one patient (case 7) showed decreased
eGFR (81.8 mL/min/1.73 m2). No proteinuria was noted.

Anti-Yersinia species antibody
The serum samples were collected within three months
after their first presentation of symptoms to test for the
presence of anti-Yersinia antibodies (median, 55 days;
range, 49-72 days). Anti-Yersinia IgA and IgG were assessed in six patients, and every patient showed positive results compared to their earlier sample (Table 3).
The median IgG titer was 1.49 (range, 1.37-1.68), and
the mean IgA titer was 0.9 (range, 0.66-1.98). Follow-up
samples after six months were available in four patients.
The IgG titers of the four patients were still positive in the
second test with a mean value of 1.48. Meanwhile, the IgA
value decreased in two patients and increased in the rest.
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Table 2. Laboratory and ultrasonographical examination findings of nine cases
Case No.
Total blood test
Minimum hemoglobin (g/dL)
Maximum WBC count (/mm3)
Maximum platelet count
(×1,000/mm3)
CRP (mg/dL)
Maximum BUN (mg/dL)
Maximum Cr (mg/dL)
FENa (%)
Complement levels, C3/C4
IgG/IgA/IgM
FANA
Widal test O
Widal test H
ANCA
Urinary analysis
Pyuria (WBC > 5/HPF)
Proteinuria
Glucosuria
Hematuria (RBC > 5/HPF)
Protein/Creatinine ratio
Stool analysis
Yersinia culture
Kidney SONO
Increased renal parenchymal
echogenicity
Renal parenchymal swelling or
renomegaly
Abdomen SONO
Abdomen CT
Enlarged or increased
echogenicity of mesenteric LN
Ileum wall thickening
GB wall edema
Ascites
Pleural effusion
Echocardiography
Coronary artery dilatation

1

2

3

4

5

6

7

8

9

n (%) or
n/total n (%)

10.0
27,510
527

9.9
24,340
587

8.0
43,600
667

9.1
13,540
267

9.5
10,800
335

9.7
11,460
755

9.4
16,180
440

7.5
14,640
689

11.1
17,570
464

9.4a
19,960a
526a

23.39
84
9.22
2.4
wnl
wnl
+
-

22.63
65
8.61
1.2
wnl
wnl
+
-

27.78
89
6.27
N/A
wnl
wnl
+
-

21.5
69
4.77
13.4
wnl
wnl
-

18.98
39
4.07
3.5
N/A
N/A
N/A
N/A

23.14
56
7.00
12.5
N/A
N/A
N/A
+
N/A

26.18
40
3.03
1.4
N/A
N/A
N/A
N/A

33.5
57
3.99
2.8
wnl
wnl
+/N/A

19.3
46
4.5
1.3
wnl
wnl
+/N/A
N/A
-

0
0
3/6 (50.0)
1/8 (12.5)
0
0

+
+
+
+
2.51

+
+
+
1.23

+
+
+
+
4.65

+
+
4.64

+
+
+
1.91

+
+
+
1.84

+
+
+
2.04

+
+
+
+
4.8

+
+
N/A

7 (77.8)
9 (100)
8 (88.9)
4 (44.4)

+
+

N/A

+
+

+
+

+
+

+
+

+
N/A

+
+

N/A
+
+

1/8 (12.5)
7 (77.8)
7/7 (100)

-

N/A

+

+

+

+

N/A

+

+

6/7 (85.7)

+
+

+
+

+
+

N/A

N/A

+
+
-

+
+
-

+
+

+
-

6 (66.7)
3 (33.3)
4/7 (57.1)

+
+
+
-

+
+
+
+
-

+
+
+
+
+
-

N/A
+
+
-

N/A
+
+
-

+
+
-

+
+
-

+
+
+
+
-

+
N/A

5/7 (71.4)
4 (44.4)
6 (66.7)
2 (22.2)
8 (88.9)
0

ANCA, anti-neutrophil cytoplasmic antibody; BUN, blood urea nitrogen; Cr, creatinine; CRP, C-reactive protein; CT, computed tomography; FANA, fluorescent
antinuclear antibody; FENa, fractional excretion of sodium; GB, gall bladder; HPF, high power field; Ig, immunoglobulin; LN, lymph node; N/A, not applicable; RBC, red
blood cell; SONO, sonography; WBC, white blood cell; wnl, within normal limit; -, unfulfilled or negative finding.
a
These represent mean values.

Discussion
Only four cases of Y. pseudotuberculosis infection

were previously reported in Korea since 2000 [16,23-25].
While Y. pseudotuberculosis has been considered to have
been eradicated for a decade in Korea, we encountered a
www.krcp-ksn.org
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Table 3. IgA and IgG to Yersinia outer protein
Case No.
1st test (days from onset of symptoms)
IgG in OD
IgA in OD
2nd test (days from onset of symptoms)
IgG in OD
IgA in OD

1
56
1.47
0.95
203
1.53
0.35

2
-

3
68
1.68
0.78
214
1.58
1.2

4
54
1.46
1.98
198
1.13
0.26

5
72
1.51
0.66
-

6
-

7
-

8
11
1.62
0.85
-

9
49
1.37
1.44
245
1.68
1.71

Criteria for positive findings. IgG: OD > 0.35, IgA: OD > 0.56.
Ig, immunoglobulin; OD, optical density; -, unfulfilled.

cluster of patients clinically diagnosed with Y. pseudotuberculosis -associated AKI in 2017. Similar to previous reports from Korea and Japan [11,15,17], fever was the first
presenting symptom in every case of this study, followed
by gastrointestinal symptoms and AKI approximately six
days later. None of the patients had conjunctival injection
nor erythema nodosum, unlike in previous reports [13].
The laboratory findings of our cases, which included azotemia, thrombocytosis, leukocytosis, anemia, and elevated inflammatory markers, were also common. Abnormal
urine findings including sterile pyuria, glucosuria, elevated urine beta-2-microglobulin (data not shown), and
elevated FENa implied tubulointerstitial nephritis. Three
of the nine patients demonstrated eosinophilia (data not
shown). Imaging findings were also compatible with a
Y. pseudotuberculosis -associated condition; ileal wall
thickening and enlarged mesenteric lymph nodes suggesting ileitis and mesenteric lymphadenitis are known
as characteristic findings in yersiniosis [26,27]. Ultrasonographic examination of the kidney also revealed characteristic features of tubulointerstitial nephritis, including increased renal parenchymal echogenicity and renal
swelling, consistent with previous reports [28,29]. All cases recovered eventually with conservative management
only or renal replacement therapy. Compared to patients
that did not receive dialysis, dialyzed patients had more
severe pyuria. Both patients who received dialysis had
urine WBC greater than 50/high power field (HPF), while
all the others had urine WBC below 50/HPF. There were
no significant differences in clinical manifestations.
Y. pseudotuberculosis used to be diagnosed with stool
culture, blood culture, or hemagglutination test [11,13].
These methods are useful to detect active enteritis, but
there are limitations to the diagnosis of other manifestations of yersiniosis and chronic infection [30]. Furthermore, culture of this bacterium is difficult, has low sensi-
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tivity, and is time consuming, requiring cold temperature
and special media [11,31]. Since 1979, ELISA has been
used to detect yersiniosis [32], and the plasmid encoded
proteins Yops were found to be pathogenic and specific
antigens helpful in the serodiagnosis of yersiniosis [33].
Several studies reported that ELISA and immunoblot assay for Yop-specific antibodies were more sensitive and
specific than the routine agglutination test or stool culture [34,35], and these methods were proven useful for Y.
pseudotuberculosis infection as well [20,27]. Reportedly,
antibodies of all classes (IgG, IgA, IgM) appear during the
acute phase of Yersinia infection, and IgG antibodies may
exist for several years while IgM disappears about three
months after infection. The presence of IgA has been
regarded as an indicator of recent infection but usually
decreases following IgM antibodies [34,36]. However, the
persistence of IgA antibodies for more than two years after infection has also been reported, in association with
probable chronic infection [37].
In the present study, marked elevation of IgG and IgA
against Yops was noted from every sample obtained within three months after the onset of disease. In the followup test carried out six months later, IgA titer decreased
in two patients and increased in the others, while IgG
remained positive in all four patients, implying recent
infection of Yersinia . However, elevation of IgG and IgA
antibodies to Yops implicates Yersinia species infection,
not exclusively Y. pseudotuberculosis infection. However, Y. pseudotuberculosis is the only organism among
Yersinia species that causes tubulointerstitial nephritis
to our knowledge; therefore, the results of anti-Yersinia
antibodies in our cases support the diagnosis of Y. pseudotuberculosis infection along with their clinical course,
laboratory findings, and imaging findings.
AKI in children with gastrointestinal symptoms raises
suspicion of a few conditions. One should consider (i)
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prerenal azotemia in gastroenteritis, where hydration
often reverses azotemia. However, our patients did not
recover renal function despite adequate hydration. Moreover, their azotemia was associated with tubulointerstitial nephritis from early on since their FENa was over 1%,
therefore not compatible with prerenal azotemia from
dehydration. (ii) Hemolytic uremic syndrome also presents as AKI along with gastrointestinal symptoms and
anemia; it can be distinguished by the presence of schistocytes in a peripheral blood smear, thrombocytopenia,
and Escherichia coli growth in stool culture [38]. None of
our patients had thrombocytopenia; therefore, hemolytic
uremic syndrome could be ruled out. (iii) Gastrointestinal symptoms mimicking appendicitis often lead to an
investigation with abdominal CT with contrast media;
three of the nine patients underwent abdominal contrast
CT; therefore, contrast-induced AKI needs to be considered as the cause of AKI; however, one patient already
had azotemia before taking abdominal CT, and another
had Y. pseudotuberculosis growth in stool culture. Thus,
we assume that AKI in these cases was mainly associated
with Y. pseudotuberculosis rather than contrast media.
Still, there is a possibility that contrast usage affected the
kidney function in these patients.
Prolonged fever, rash, sterile pyuria, and desquamation are symptoms of Kawasaki disease; there have been
several reports that Y. pseudotuberculosis -infected children fulfilled the criteria of Kawasaki disease [11] Furthermore, 9% of patients with Kawasaki disease showed
elevated antibody titers of Y. pseudotuberculosis and/
or positive stool culture in a Japanese study [39]. It has
also been suggested that Y. pseudotuberculosis infection
might play a role in Kawasaki disease [40]. Among our
cases, however, none met the criteria of Kawasaki disease. Echocardiography was performed in eight of nine
patients, and none of them showed coronary aneurysm
or cardiac dysfunction.
Y. pseudotuberculosis is a zoonotic pathogen and transmitted through unsterilized water [1]. Currently, Y. pseudotuberculosis is not included in the sentinel or mandatory surveillance systems in Korea; therefore, presence
or absence of Y. pseudotuberculosis in unsterilized water
in Korea is unclear. However, our report indicates that Y.
pseudotuberculosis is still present in Korea. In Finland
and France, clinical microbiology laboratories routinely
report Y. pseudotuberculosis , so that the increase in Y.

pseudotuberculosis isolations was rapidly recognized
[3,18]. It might be necessary to build a surveillance system or laboratories available for early detection also in
Korea.
Y. pseudotuberculosis -associated AKI should be considered when a patient presents with fever, acute gastroenteritis, and AKI not resolving despite hydration. Since
Y. pseudotuberculosis -associated AKI is usually selflimiting, early suspicion and appropriate supportive care
could save medical resources. Y. pseudotuberculosis associated AKI is likely to be under-recognized because
of inadequate knowledge, lack of diagnostic tools, and
low surveillance in Korea; therefore, surveillance for Y.
pseudotuberculosis is necessary, as are laboratory tests
to diagnose Y. pseudotuberculosis infection.

Conflicts of interest
All authors have no conflicts of interest to declare.

Acknowledgments
This research was supported by grants (2018P210200)
from the Korea Centers for Disease Control and Prevention.

Authors’ contributions
Il-Soo Ha, Hae Il Cheong, and Hee Gyung Kang participated in the conceptualization. Ye Kyung Kim, and
Myung Hyun Cho participated in the data curation. Ye
Kyung Kim participated in the formal analysis and original draft. Myung Hyun Cho, Hye Sun Hyun, and Eujin
Park participated in the investigation. Hee Gyung Kang
participated in the methodology. Myung Hyun Cho, and
Hee Gyung Kang participated in the review and editing.
All authors read and approved the final manuscript.

References
[1] Galindo CL, Rosenzweig JA, Kirtley ML, Chopra AK. Pathogenesis of Y. enterocolitica and Y. pseudotuberculosis in
Human Yersiniosis. J Pathog 2011;2011:182051.
[2] Jalava K, Hakkinen M, Valkonen M, et al. An outbreak of
gastrointestinal illness and erythema nodosum from grated
carrots contaminated with Yersinia pseudotuberculosis. J

www.krcp-ksn.org

353

Kidney Res Clin Pract Vol. 38, No. 3, September 2019

Infect Dis 2006;194:1209-1216.
[3] Nuorti JP, Niskanen T, Hallanvuo S, et al. A widespread
outbreak of Yersinia pseudotuberculosis O:3 infection from
iceberg lettuce. J Infect Dis 2004;189:766-774.
[4] Saari TN, Triplett DA. Yersinia pseudotuberculosis mesenteric adenitis. J Pediatr 1974;85:656-659.
[5] Naktin J, Beavis KG. Yersinia enterocolitica and Yersinia
pseudotuberculosis. Clin Lab Med 1999;19:523-536.
[6] Weber J, Finlayson NB, Mark JB. Mesenteric lymphadenitis
and terminal ileitis due to yersinia pseudotuberculosis. N

Engl J Med 1970;283:172-174.
[7] Zakhour R, Heresi GP, Murphy JR. Yersinia pseudotuberculosis. In: Kliegman RM, Stanton BF, Nelson WE, et al, eds.
Nelson textbook of pediatrics. 20th ed. Philadelphia: Elsevier; 2016. p. 1408.
[8] Bülbüloğlu E, Ciralik H, Kantarçeken B, Cetınkaya A, Gül
M, Ezbercı F. Yersinia pseudotuberculosis colitis presented

[17] Tsubokura M, Otsuki K, Sato K, et al. Special features of
distribution of Yersinia pseudotuberculosis in Japan. J Clin

Microbiol 1989;27:790-791.
[18] Vincent P, Leclercq A, Martin L; Yersinia Surveillance Network, Duez JM, Simonet M, Carniel E. Sudden onset of
pseudotuberculosis in humans, France, 2004-05. Emerg

Infect Dis 2008;14:1119-1122.
[19] Ostermann M, Joannidis M. Acute kidney injury 2016: diagnosis and diagnostic workup. Crit Care 2016;20:299.
[20] Ståhlberg TH, Tertti R, Wolf-Watz H, Granfors K, Toivanen
A. Antibody response in Yersinia pseudotuberculosis III infection: analysis of an outbreak. J Infect Dis 1987;156:388391.
[21] Kim KM, Na KI, Cho EH, Hong S, Jung SM. Case reports
and antibody confirmation of Yersinia pseudotuberculosis.

Public Health Wkly Rep 2017;10:1292-1297.
[22] Kuhn KG, Falkenhorst G, Ceper TH, et al. Detecting non-ty-

with severe gastrointestinal bleeding. Turk J Gastroenterol

phoid Salmonella in humans by ELISAs: a literature review.

2010;21:179-182.

J Med Microbiol 2012;61(Pt 1):1-7.

[9] Deacon AG, Hay A, Duncan J. Septicemia due to Yersinia

[23] Kim JS, Cho YK, Kim SJ, Woo YJ. A case of acute renal fail-

pseudotuberculosis--a case report. Clin Microbiol Infect

ure associated with Yersinia pseudotuberculosis infection.

2003;9:1118-1119.

Chonnam Med J 2003;39:117-121.

[10] Ljungberg P, Valtonen M, Harjola VP, Kaukoranta-Tolvanen

[24] Sim YH, Lim IS, Lee DK. A case of subacute necrotizing

SS, Vaara M. Report of four cases of Yersinia pseudotuber-

lymphadenitis associated with Yersinia infection in a 12

culosis septicemia and a literature review. Eur J Clin Mi-

years old child. Korean J Pediatr Infect Dis 2003;10:123-126.

crobiol Infect Dis 1995;14:804-810.
[11] Sato K, Ouchi K, Taki M. Yersinia pseudotuberculosis infection in children, resembling Izumi fever and Kawasaki syndrome. Pediatr Infect Dis 1983;2:123-126.
[12] Koo JW, Park SN, Choi SM, et al. Acute renal failure associated with Yersinia pseudotuberculosis infection in children. Pediatr Nephrol 1996;10:582-586.
[13] Cheong HI, Choi EH, Ha IS, Lee HJ, Choi Y. Acute renal failure associated with Yersinia pseudotuberculosis infection.

Nephron 1995;70:319-323.
[14] Fukumoto Y, Hiraoka M, Takano T, et al. Acute tubulointerstitial nephritis in association with Yersinia pseudotuberculosis infection. Pediatr Nephrol 1995;9:78-80.
[15] Lee HJ, Cheong HI, Choi Y, Shin MJ, Moon HR. Epidemic of
acute renal failure and Kawasaki disease-like illness caused
by Yersinia pseudotuberculosis infection. J Korean Med

Assoc 1988;31:747-756.
[16] Han TH, Paik IK, Kim SJ. Molecular relatedness between
isolates Yersinia pseudotuberculosis from a patient and an
isolate from mountain spring water. J Korean Med Sci 2003;
18:425-428.

354 www.krcp-ksn.org

[25] Yun KA, Kim MN, Pai CH, Lee HJ. A case of septicemia
caused by Yersinia pseudotuberculosis. Korean J Clin Mi-

crobiol 2001;4:68-71.
[26] Matsumoto T, Iida M, Sakai T, Kimura Y, Fujishima M. Yersinia terminal ileitis: sonographic findings in eight patients.

AJR Am J Roentgenol 1991;156:965-967.
[27] Tertti R, Granfors K, Lehtonen OP, et al. An outbreak of Yersinia pseudotuberculosis infection. J Infect Dis 1984;149:
245-250.
[28] Hiraoka M, Hori C, Tsuchida S, Tsukahara H, Sudo M. Ultrasonographic findings of acute tubulointerstitial nephritis. Am J Nephrol 1996;16:154-158.
[29] Päivänsalo M, Huttunen K, Suramo I. Ultrasonographic
findings in renal parenchymal diseases. Scand J Urol

Nephrol 1985;19:119-123.
[30] Stolk-Engelaar VM, Hoogkamp-Korstanje JA. Clinical presentation and diagnosis of gastrointestinal infections by
Yersinia enterocolitica in 261 Dutch patients. Scand J Infect

Dis 1996;28:571-575.
[31] Fredriksson-Ahomaa M, Korkeala H. Low occurrence of
pathogenic Yersinia enterocolitica in clinical, food, and

Kim, et al. AKI associated with Yersinia infection
environmental samples: a methodological problem. Clin

Microbiol Rev 2003;16:220-229.
[32] Granfors K. Measurement of immunoglobulin M (IgM),

[36] Chatzipanagiotou S, Legakis JN, Boufidou F, Petroyianni V,
Nicolaou C. Prevalence of Yersinia plasmid-encoded outer
protein (Yop) class-specific antibodies in patients with

IgG, and IgA antibodies against Yersinia enterocolitica by

Hashimoto's thyroiditis. Clin Microbiol Infect 2001;7:138-

enzyme-linked immunosorbent assay: persistence of se-

143.

rum antibodies during disease. J Clin Microbiol 1979;9:336341.
[33] Heesemann J. [Enteropathogenic yersinias: pathogenicity
factors and new diagnostic methods]. Immun Infekt 1990;
18:186-191. German.

[37] Hoogkamp-Korstanje JA, de Koning J, Heesemann J. Persistence of Yersinia enterocolitica in man. Infection 1988;16:
81-85.
[38] Noris M, Remuzzi G. Hemolytic uremic syndrome. J Am

Soc Nephrol 2005;16:1035-1050.

[34] Sonnevend A, Czirók E, Pál T. Yersinia Yop-specific IgA

[39] Tahara M, Baba K, Waki K, Arakaki Y. Analysis of Kawasaki

antibodies in Hungarian blood donors. Folia Microbiol

disease showing elevated antibody titres of Yersinia pseu-

(Praha ) 2005;50:269-272.

dotuberculosis. Acta Paediatr 2006;95:1661-1664.

[35] Chatzipanagiotou S, Ladis V, Berdousi H, Palamidou F,

[40] Vincent P, Salo E, Skurnik M, Fukushima H, Simonet M.

Kourti E, Kattamis C. Prevalence of yersinia plasmid-en-

Similarities of Kawasaki disease and Yersinia pseudotuber-

coded outer protein (Yop) class-specific antibodies in mul-

culosis infection epidemiology. Pediatr Infect Dis J 2007;

titransfused Greek patients with thalassemic syndromes.

26:629-631.

Clin Microbiol Infect 1999;5:67-72.

www.krcp-ksn.org

355

