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Abstract
Purpose In 2023, Helicobacter zhangjianzhongii was proposed as a new species in the Helicobacter genus. We here describe 
two human cases of H. zhangjianzhongii bacteremia.
Methods Four clinical strains from the Helicobacter genus isolated from blood culture between 2017 and 2023 were stud-
ied. They were initially identified as H. canis by MALDI-TOF and 16S rDNA sequencing. The strains were biochemically 
characterized and tested at different temperatures and atmospheres. Two databases were used to characterize the isolates: the 
Bruker® MBT compass Version 4.1.1 database and a in-house spectrum-enriched database. After bacterial DNA extraction 
the genomes were sequenced on NovaSeq 6000 (Illumina) and analyzed using an in-house pipeline.
Results Case 1 involved a 58-year-old woman who was hospitalized in a thoracic oncology unit because her general condition 
deteriorated in a setting of small-cell carcinoma. She presented with abdominal pain associated with significant hepatomeg-
aly. Case 2 involved a 78-year-old woman on rituximab who was hospitalized to treat chest pain, anemia, and inflammatory 
syndrome. Both strains exhibited very similar microbiological and genomic characteristics, thus growth in a microaerobic 
atmosphere at 37°C and 42°C, oxidase-positivity, and urease- and catalase-negativity. Both were formally identified by 
whole-genome sequencing as H. zhangjianzhongii (ANI > 99% and DDH > 94%).
Conclusion This proposed species is associated with bacteremia in humans. It is thus likely to be a novel human pathogen. 
Dogs may have been the source of infection.
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Introduction

Bacteria of the Helicobacter genus are currently classified 
into two main groups depending on their preferred niches: 
gastric and enterohepatic Helicobacters. Enterohepatic 
Helicobacters account for two-thirds of all species in the 
Helicobacter genus. They generally colonize the small 
intestine, cecum, colon, rectum, and sometimes the liver, 
although some species are also found in the stomach. To 
date, 34 species have been identified, of which the most 
recent is H. ibis [1].

Many Helicobacter spp. are found in domestic animals 
such as dogs and cats. It is therefore likely that these ani-
mals may transmit the bacteria to humans. The pathogenic 
roles played by enterohepatic Helicobacters have been well-
described in humans [2]. Of these Helicobacters, H. cinaedi 
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is the most frequently found in humans, with increasing 
numbers of cases in recent decades. H. cinaedi can cause 
bacteremia that is frequently associated with cellulitis. 
Immunocompromised patients are more at risk than others 
[3–13], although immunocompetent individuals can also be 
infected [8, 14]. H. fennelliae has also been associated with 
human bacteremia. At least 25 cases have been described in 
the literature [15, 16]. Almost all patients had underlying 
immunodepression. One case of H. canadensis bacteremia 
has been described in an immunocompetent 35-year-old 
man [6]. PCR tests of stool or biopsy samples from patients 
with inflammatory bowel disease (IBD) have revealed H. 
pullorum, H. cholecystus, H. canadensis, H. hepaticus, H. 
trogontum, H. bilis, H. fennelliae, H. mustelae, H. canis, 
H. ganmani, H. cinaedi, H. muridarum, and H. brantae 
[17–21], although causal links with the inflammatory pathol-
ogies remain to be demonstrated [22, 23].

Certain enterohepatic Helicobacter species, including H. 
bilis, H. ganmani, H. hepaticus, and H. pullorum, are associ-
ated with hepatobiliary malignancies. Several groups have 
suggested that H. bilis infections are linked to biliary tract 
and gallbladder cancers of at-risk populations, thus Japanese, 
Thai, and Chilean individuals [24–29]. H. bilis may also be 
involved in the carcinogenesis of certain colorectal cancers 
[30]. H. pullorum has been associated with hepatobiliary 
and autoimmune digestive pathologies, and is also one of 
the most common Helicobacter species associated with gas-
troenteritis. Many cases have been described in the literature 
[31, 32]. However, H. pullorum has been detected both in 
asymptomatic patients and those with gastroenteritis, at rates 
of 4% and 4.3% respectively [33]. This implies that H. pullo-
rum in the gastrointestinal tract is not necessarily pathogenic.

Stanley et al. [34] were the first to isolate and describe H. 
canis from dog feces. The helical or rod-shaped Gram-neg-
ative bacillus bears a sheathed flagellum at either end. This 
enterohepatic Helicobacter is a rare human pathogen that 
causes principally bacteremia, sometimes associated with 
skin involvement, and mainly affects immunocompromised 
patients [35, 36]. It has also been found in IBD patients. 
Although the mode of transmission has not yet been clearly 
established, it would appear that domestic animals, mainly 
cats and dogs, are often associated with human infections.

Helicobacter zhangjianzhongii has more recently been 
proposed as a new species [37] that is closely related to 
H. canis. It is also a Gram-negative helical bacillus with 
a sheathed flagellum at either end. It is oxidase-positive 
and catalase- and urease-negative. This species was also 
initially isolated from dog feces. The National Reference 
Center for Campylobacters and Helicobacters (NRCCH) has 
received two Helicobacter isolates that resemble H. canis. 
These came from two bacteremia cases, one of which was 
identified in 2017 at Bordeaux University Hospital and the 
other in 2023 at Chambéry Hospital. This study describes 

the biochemical, phenotypic, and genomic features that ena-
bled explicit identification of the first two human cases of 
H. zhangianzhonii infection. We also present the clinical 
contexts of both cases of bacteremia.

Materials and methods

Strains studied

Four clinical Helicobacter strains isolated from blood cul-
tures between 2017 and 2023 were studied (Table 1). They 
were initially identified as H. canis by MALDI-TOF and 16S 
rDNA sequencing. The strains were named 2017-C, 2023-V, 
2020-A and 2022-F.

Biochemical and phenotypic characterization

All four strains were biochemically characterized using the 
API CAMPY (bioMérieux) galleries as recommended by the 
supplier. The enzymatic component of the gallery was incu-
bated for 24 h at 37°C in an aerobic atmosphere. The other 
part of the gallery was incubated for 48 h at 37°C in a micro-
aerobic atmosphere. The following enzyme activities were 
measured: urease, nitrate reductase, esterase, hippuricase, 
ɣ-glutamyl transpeptidase, triphenyltetrazolium chloride 
reductase, pyrrolidonyl arylamidase, L-arginine arylamidase, 
L-aspartate arylamidase, and alkaline phosphatase.  H2S pro-
duction was tested, as was assimilation of the following com-
pounds: glucose, sodium succinate, sodium acetate, sodium 
propionate, malate, and citrate trisodium. Oxidase status was 
assessed using a BBLTM Dryslide membrane (Becton Dick-
inson, Franklin Lakes, NJ, USA) and catalase status employ-
ing 30 volumes of hydrogen peroxide. Gram-staining was 
systematically performed using an Aerospray GRAM model 
7322 device (ELITechGroup, Puteaux, France).

Culture conditions

The growth of all four strains was tested at 25°C, 37°C, and 
42°C. Agar plates were incubated for 48 h. Bacterial growth 
was systematically checked after 24 h of incubation. During 
growth at 25°C or 42°C, a control was systematically cultured 
at 37°C in parallel. To study phenotypic characteristics, the 
strains were plated on in-house Pylo agar and Columbia blood 
agar (CBA) (ThermoFisher Scientific, Waltham, MA, USA) 
with 5% (v/v) sheep blood. The selective Pylo agar is manu-
factured by the NRCCH and features a Wilkins Chalgren base, 
Vancomycin 10 g/L, Amphotericin B 1 g/L, Cefsulodine 2 
g/L, Trimethoprim 5 g/L, and 10% (v/v) human blood.

Microaerobic culture proceeded in a BAKER Ruskinn 
Concept chamber under 85% N₂, 10% CO₂ and 5% O₂, all 
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v/v. A Thermo Scientific Sachet Oxoid AnaeroGen device 
was used to create anaerobic conditions. During all aerobic 
and anaerobic incubations, microaerobic growth controls 
were systematically established in parallel. All bacterial 
cultures were checked at 24 h and 48 h.

MALDI‑TOF

Two databases were used to characterize the isolates. These 
were, first, the Bruker MBT compass ver. 4.1.1 database 
of Bordeaux University Hospital, which contains 24 spec-
tra of Helicobacter spp., including 2 of H. canis (H. canis 
ZC80F-NVU and H. canis CCUG-32756), and, second, a 
spectrum-enriched NRCCH database. The latter contains 
nine NRCCH spectra of nine species of Helicobacter. The 
protein spectra of different strains can thus be compared. 
Main spectrum profiles (MSPs) were generated using flex-
Control ver. 3.4 (Bruker Daltonics) and MBT Compass 
Explorer ver. 4.1.100 (Bruker Daltonics, Billerica, MA)The 
method has been described by Spergser et al. [38]. Twenty-
four mass spectra were obtained for each strain using flex-
Control software. A minimum of 18 mass spectra were used 
to create each MSP.

NGS and bioinformatic analyses

Bacterial DNA extraction employed the MagNA Pure 96 sys-
tem (Roche Diagnostics, Meylan, France), MagNA Pure 96 
DNA, and the Viral NA Small Volume kit. Quantification and 
purity, thus the 260-/280-nm and 260-/230-nm ratios, were 
determined spectrophotometrically (DeNovix, Wilmington, 
DE). An iSeq 100 (Illumina, San Diego, CA) sequencer was 
used to analyze isolates 2017-C, 2020-A and 2022-F and a 
NovaSeq 6000 (Illumina) sequencer when studying isolate 
2023-V. After sequencing, FastQC ver. 0.11.8 software [39] 
was used for quality assurance and Sickle ver. 1.33 [40] soft-
ware to eliminate poor-quality reads. All reads were assem-
bled with the aid of SKESA ver. 2.5.1 software [41]. Contigs 
smaller than 200 base pairs and those with read depths < 5 
were eliminated using an in-house Python script. A home-
made pipeline was used to identify resistance and virulence 

genes. The pipeline features the Nucleotide-Nucleotide/Pro-
tein–Protein BLAST 2.12.0 + online tool [42] and NCBI, 
Card, Resfinder, Plasmidfinder, and in-house databases. Phy-
logenetic trees were constructed using the GyrA protein and 
16S rDNA sequences: Muscle ver. 3.8.1551 [43] software was 
used for alignment and the neighbor-joining method of Mega 
ver. 11.0.13 software [44] was employed to calculate phylo-
genetic distances. This featured 1,000 replications using the 
Complete-deletion calculation option of the Kimura-2 param-
eter method. All phylogenetic trees were drawn with the aid 
of iTOL ver. 5 [45]. The mathematical models of the ANI and 
DDH indices were used to compare the genomes to those in 
“public” databases. The ANI was calculated using FastANI 
ver. 1.1 [46] and the DDH using the online tool TYGS ver. 
391 (GGDC) [47]. The results were visualized using the 
Python seaborn module ver. 0.12.2. The between-genome 
scores were > 95% for the ANI and > 70% for the DDH.

The genomic data on two strains of the newly published 
H. zhangjianzhongii species were retrieved from public 
databases. Other information, including the biochemi-
cal and phenotypic characteristics, and the origins, was 
obtained from the literature [37].

Data availability

The genomes are available as raw read files under ENA 
project accession number PRJEB82765 and read accession 
numbers ERR13992622, ERR13992623, ERR13992624, 
and ERR13992625 for 2023-V, 2020-A, 2017-C, and 2022-
F, respectively.

Results

Biochemical and phenotypic characterization

All four strains were negative for urease, catalase, nitrate 
reduction, and hippurate hydrolysis. All were positive on the 
oxidase, alkaline phosphatase, and esterase tests (Table 2). 

Table 1  Helicobacter 
zhangjianzhongii and 
Helicobacter canis strains 
included in this study

Name Species Reference Source Origin (country, town)

2017-C zhangjianzhongii Blood (human) France, Bordeaux
2023-V zhangjianzhongii Blood (human) France, Chambéry
2020-A canis Blood (human) France, Indre
2022-F canis Blood (human) France, La Rochelle
CCUG-32756 T canis REF-32756 T Suisse, Berne
NCTC-12740 (NCBI) canis REF-12740 (human) Suisse, Berne
CPD2-1 zhangjianzhongii REF-CPD2-1 Stools (dog) China, Beijing
XJK30-2 zhangjianzhongii REF-XJK30-2 Stools (dog) China, Beijing
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Table 3  MALDI-TOF identification of the 2017-C, 2023-V, 2020-A, 
and 2022-F strains, and two Helicobacter canis reference strains, and 
the scores obtained using the Bruker® and NRCCH enriched data-
bases

Only scores > 1.7 are shown

MSP Bruker® database Score NRCCH database Score

2022-F H. canis ZC80F NVU 1.710 2020-A 2.470
2020-A H. canis ZC80F NVU 1.760 2022-F 2.360
2023-V No match / 2017-C 2.170
2017-C No match / 2023-V 2.320

Table 2  Microbiological characteristics of Helicobacter canis and Helicobacter zhangjianzhongii 

2017-C 2023-V 2020-A 2022-F H. canis 
REF-
32756T

H. canis REF-12740 H. zhangjian-
zhongii REF-
CPD2-1

H. zhangji-
anzhongii 
REF-
XJK30-2

Urease - - - - - - - -
Oxidase production  +  +  +  +  +  +  +  + 
Catalase - - - - - - - -
Nitrate reductase - - - - - - - -
PAL  +  +  +  +  +  +  +  + 
Esterase  +  +  +  + " ± " " ± "  +  + 
GGT  +  +  +  +  + Unknown  +  + 
Hippuricase - - - - - - - -
PyrA - - - - Unknown Unknown  +  + 
ArgA - - - - Unknown Unknown  +  + 
AspA - - - - Unknown Unknown  +  + 
TTC - - - -  +  + 
H2S - - - - - -
No. of flagella Unknown Unknown 2 Unknown 2 2 2 2
Sheathed flagella Unknown Unknown  + Unknown  +  + Unknown Unknown
Flagellar disposition Unknown Unknown Bipolar Unknown Bipolar Bipolar Bipolar Bipolar
Microaerobic growth, 25 C - - - - - - - -
Microaerobic growth, 

37°C
 +  +  +  +  +  +  +  + 

Microaerobic growth, 
42°C

 +  + -  +  +  +  +  + 

Anaerobic growth, 37°C - - - - - - -
Aerobic growth, 37°C - - - - - - -

All exhibited gamma-glutamyl transpeptidase activity. The 
two strains recently described as H. zhangjianzhongii, thus 
REF-CPD2-1 and REF-XJK30-2, were reported to exhibit 
pyrrolidonyl arylamidase, L-arginine arylamidase, L-aspar-
tate arylamidase, and TTC reductase activities. None of the 
four strains grew under anaerobic conditions at 37°C, under 
aerobic conditions at 37°C, or under microaerobic condi-
tions at room temperature. However, all grew under micro-
aerobic conditions at 37°C and all except 2020-A under 
microaerobic conditions at 42°C.

MALDI‑TOF

The Bruker database did not allow identification of 2017-C 
and 2023-V to species (Table 3). However, the MSPs of 
strains 2020-A and 2022-F matched that of one H. canis, 
H. canis ZC80F NVU, well in the Bruker database. The 
score was > 1.7. The NRCCH database yielded a score > 2 
when the MSP of strain 2022-F was compared to the MSP 
of strain 2020-A, and vice versa. Similarly, a score > 2 was 
obtained when the MSP of strain 2017-C was compared to 
the MSP of strain 2023-V, and vice versa (Table 3).

NGS

Phylogenetic analyses of trees based on the gene encoding 
the GyrA protein, and 16S rDNA, confirmed that the strains 
belonged to the Helicobacter genus. The reference strains 
of H. zhangjianzhongii REF-CPD2-1 and REF-XJK30-2 
were close to the reference strains of H. canis (Table 4). 
Within this subgroup, 16S rDNA-based phylogenetic tree 
analysis distinguished two distinct clusters of four strains 
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Table 4  Characteristics of the 
genomes analyzed in this study

CDs: coding sequences

Genome No. of contigs Genome size (bp) Average 
contig size 
(bp)

GC% No. of CDs

2022-F 77 2,047,299 26,588.3 44.47 1,948
2020-A 95 1,971,321 20,750.75 45.01 1,843
2023-V 70 2,434,004 34,771.49 44.5 2,200
2017-C 75 2,169,485 28,926.47 43.71 1,969
H. canis
CCUG-32756 T

26 1,930,063 74,233.19 44.15 1,800

H. canis
NCTC-12740

1 1,932,823 - 45 1,794

H. zhangjianzhongii CPD2-1 26 2,096,761 80,644.65 43.88 1,895
H. zhangjianzhongii XJK30-2 29 2,084,878 71,892.34 44.34 1,873

(Fig. 1). The first included the two reference strains of H. 
canis and the two clinical strains 2020-A and 2022-F. The 
second comprised two H. zhangjianzhongii strains and the 
clinical strains 2017-C and 2023-V. Notably, strain 2022-F 
seemed less well-affiliated with the cluster on the GyrA 
tree than were other strains (Fig. 2).

The ANI scores confirmed the results of 16S rDNA 
sequence analysis. The comparative ANI scores of strains 
REF-CPD2-1, REF-XJK30-2, 2017-C, and 2023-V were 
all > 99%, indicating close phylogenetic proximity (Fig. 3). 
Within the second cluster of H. canis isolates—2020-A, 
2022-F, CCUG-32756T and NCTC-12740, all ANI scores 
were > 95%. However, none of the four strains in the first 
cluster exhibited an ANI score > 95% when compared to 
any strain in the second cluster. There were thus two dis-
tinct species. The results obtained using the DDH tool 
corroborated these conclusions (Fig. 4). No resistance 
markers were identified in the resistomes of the strains 
(data not shown).

Discussion

We sought to characterize two strains of Helicobacter iso-
lated from humans. Both were closely related to H. canis. 
We considered the recent discovery of a new, closely 
related species termed H. zhangjianzhongii [37]. We found 
that both isolates were indeed the newly proposed species. 
This is the first description of the pathogenicity thereof 
in humans.

The first strain, 2017-C, was isolated in Bordeaux from 
an aerobic blood culture bottle. A 58-year-old patient with 

disseminated small-cell bronchial carcinoma was under-
going chemotherapy. The time to positivity was 4 days. 
Given the prolonged apyrexia of the patient, no antibi-
otic treatment was initiated. The second strain, 2023-V, 
was isolated from two aerobic blood culture bottles. A 
78-year-old woman was on long-term rituximab to treat 
neutrophilic, cytoplasmic antibody vasculitis. She was 
admitted to hospital with chest pain, anemia, and a sponta-
neously resolving 39°C fever. An inflammatory syndrome 
was detected. Her C-reactive protein level was 70 mg/L. 
The times to positivity of blood samples taken at admis-
sion were 87 h and 115 h. The inflammatory syndrome 
improved rapidly on prescription of amoxicillin + clavu-
lanic acid.

Bioinformatics tools separated the eight compared 
genomes into two very distinct clusters. Strains REF-
CPD2-1, REF-XJK30-2, 2017-C, and 2023-V were H. 
zhangjianzhongii. Strains 2020-A, 2022-F, CCUG-
32756T, and NTCT-12740 were H. canis. The phenotypic 
and bacterial growth characteristics were rather similar. 
All strains were mobile, helical Gram-negative bacilli 
that grew at 37°C, and sometimes also at 42°C, under 
microaerobic conditions. The biochemical analyses were 
also identical. However, H. zhangjianzhongii CPD2-1 
and XJK30 2 were positive for PyrA, ArgA, TTC, and 
AspA activities whereas the two clinical strains 2023-V 
and 2017-C were not. Heterogeneity in terms of enzymatic 
activities has been described well in the literature for other 
Helicobacter species [36, 48–51], perhaps reflecting envi-
ronmental differences in terms of the host source and stor-
age conditions. Interpretation bias may also be in play. 
Humans interpret color changes.
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Fig. 1  Neighbor-joining phylogenetic tree based on the 16S rDNA gene. Campylobacter jejuni served as the root group. Boostraps greater than 
0.9 are shown by blue circles, the sizes of which are proportional to the values
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Fig. 2  Neighbor-joining phylogenetic tree based on GyrA. C. jejuni 
served as the root group. Boostraps greater than 0.9 are shown by 
the blue circles, the sizes of which are proportional to the values. A 
clustered heatmap based on the genomic ANI values of clinical and 
reference strains of H. canis and H. zhangjianzhongii. REF-12093, 

Helicobacter pylori JCM-12093; REF18818, Helicobacter cinaedi 
CCUG-18818; REF-XJK30-2, Helicobacter zhangjianzhongii 
XJK30-2; REF-CPD2-1, Helicobacter zhangjianzhongii CPD2-1; 
REF-32756T, Helicobacter canis CCUG-32756T; REF-12740, Heli-
cobacter canis NCTC-12740
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Fig. 3  A clustered heatmap 
based on the genomic ANI 
values of clinical and reference 
strains of H. canis and H. 
zhangjianzhongii. REF-12093, 
Helicobacter pylori JCM-
12093; REF18818, Helico-
bacter cinaedi CCUG-18818; 
REF-XJK30-2, Helicobacter 
zhangjianzhongii XJK30-2; 
REF-CPD2-1, Helicobacter 
zhangjianzhongii CPD2-1; 
REF-32756T, Helicobacter 
canis CCUG-32756T; REF-
12740, Helicobacter canis 
NCTC-12740

Resistome analysis did not reveal any resistance marker, 
consistent with microbial susceptibility to a cyclin, a 
β-lactam, macrolides, and fluoroquinolones. Also, the 
78-year-old patient exhibited favorable clinico-biological 
progression on antibiotic treatment. The absence of any 
antimicrobial resistance marker in our strains and those 
already described implies that the reservoir(s) lack(s) any 
antibiotic selection pressure.

The MALDI-TOF results separate the four strains into 
two groups. On the one hand, strains 2023-V and 2017-C 
seemed more distant from the other strains, and, on the 
other hand, strains 2022-F and 2020-A, closer to, the MSP 
spectrum of H. canis ZC80F NVU strain in the Bruker 
database. However, strains 2022-F and 2020-A were not 
formally identified by that database as H. canis. This 
may be because the database lacks a sufficient number of 

MSPs, because different culture media were used [52, 53], 
or because protein expression varies greatly with the host, 
the environment, or/and transition to the coccoid form 
under certain conditions. Moreover, the MSPs of the two 
H. canis strains in the Bruker database did not match. 
The score was > 1.7 (data not shown). MALDI-TOF did 
not identify 2023-V or 2017-C as H. zhangjianzhongii. 
Neither spectrum was in the Bruker or in-house NRCCH 
database. The NRCCH has therefore updated the in-house 
database by renaming the MSPs of strains 2023-V and 
2017-C, thus improving identification of the new species 
(scores > 2.1, Table 3).

H. zhangjianzhongii and H. canis were originally 
described from dogs [34, 37]. Although transmission from 
dog to human has not been proven, this seems not unlikely 
(36). We lacked information on whether dogs were present 
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Fig. 4  A clustered heatmap 
based on the DDH genomic 
values of clinical and refer-
ence strains of H. canis and H. 
zhangjianzhongii. REF-12093, 
Helicobacter pylori JCM-
12093; REF18818, Helico-
bacter cinaedi CCUG-18818; 
REF-XJK30-2, Helicobacter 
zhangjianzhongii XJK30-2; 
REF-CPD2-1, Helicobacter 
zhangjianzhongii CPD2-1; 
REF-32756T, Helicobacter 
canis CCUG-32756T; REF-
12740, Helicobacter canis 
NCTC-12740

in the living environments of patients with H. zhangjian-
zhongii bacteremia.

Other NCBI H. canis genomes, notably NCTC-12410, 
were also studied in the course of this study. This strain, 
isolated from dog feces, exhibited ANI scores of 97.6% and 
97.4% when compared to H. zhangjianzhongii XJK30 2 
and CPD2 1 respectively. The ANI scores were 86.6% and 
86.4% when NCTC-12410 was compared to the H. canis 
reference strains CCUG-32756T and NCTC-12740. The 
DDH analysis came to the same conclusion. The scores 
were 87.8% and 86.7% in comparisons with H. zhangjian-
zhongii XJK30 2 and CPD2 1 respectively, and 45.6% and 
45.8% in comparisons with CCUG-32756T and NCTC-
12740, respectively. The NCTC-12410 genome of the 
NCBI platform, identified as H. canis, should therefore be 
reclassified as H. zhangjianzhongii.

Conclusion

This study provides sufficient evidence to identify the first 
two cases of human infection with H. zhangjianzhongii, a 
new human pathogen. All H. canis identifications obtained 
using the current Bruker MALDI-TOF commercial database 
must be confirmed via NGS.
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