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Abstract

Purpose This study aimed to investigate the trends in infectious spondylitis over the past two decades.

Methods We included 157 cases, from 2000 to 2020, of infectious spondylitis. The cases were divided into two groups: 00
(cases during 2000-2009; 82 cases:) and 10 (cases during 2010-2020; 75 cases) groups. Patients’ age, sex, causative organ-
ism, and localization were examined and compared between the two groups.

Results The proportions of women in the 00 and 10 groups were 30.5% and 38.7%, respectively, with no significant dif-
ference (P=0.28). The average age was significantly higher in the 10 group (72.6 years) than in the 00 group (68.8 years;
P <0.01). A compromised host was the cause of infection in 52.4% and 36.0% of the patients in the 00 and 10 groups, respec-
tively, showing a significant difference. The bacterial identification rates were 70.1% and 77.3% in the 00 and 10 groups,
respectively (P <0.01), and the genus Staphylococcus was the most common bacteria. The proportions of resistant bacteria
such as methicillin-resistant Staphylococcus aureus in the 00 and 10 groups were 27.3% and 6.7%, respectively (P <0.01).
Conversely, infectious diseases caused by indigenous bacteria in the oral cavity and intestines were more common in the
10group (37.8%) than in the 00 group (13.0%), showing a significant difference (P <0.01).

Conclusion Recently, infections caused by indigenous bacteria in the oral cavity and intestines have increased more than

those caused by resistant bacteria over the past two decade.
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Introduction

Infectious spondylitis, which accounts for approximately
3-5% of all osteomyelitis cases in patients aged > 50 years
[1], used to be considered a rare disease. However, as the life
expectancy in Japan increases, the population is aging, and
the number of immunocompromised patients is increasing.
Infectious spondylitis has generally been associated with
Staphylococcus aureus as the most common causative organ-
ism [2]. Nagashima et al. [3] reported that, in the 1950s,
tuberculous spondylitis was the predominant type of infec-
tious spondylitis and that the number of common bacteria,
especially S. aureus, has been gradually increasing in addi-
tion to the increasing prevalence of methicillin-resistant S.
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aureus (MRSA). Although MRSA infections are a tremen-
dous infectious disease, their incidence has been declining
in recent years [4, 5], and the number of infectious spon-
dylitis cases caused by resistant bacteria is assumed to
decrease. Additionally, Japan has an aging population [6],
and the aging trend is very evident. The causative agents
of infectious spondylitis may have changed in recent years
as demographic changes have altered the patients’ back-
grounds. However, reports describing the recent trends in
the pathogenesis of infectious spondylitis are lacking. In the
present study, we aimed to investigate the trends of infec-
tious spondylitis from 2000 to 2020.

Patients and methods

This retrospective single-center study enrolled all patients
diagnosed with infectious spondylitis at our hospital from
January 2000 to August 2020. Spinal infection was con-
sidered to be present if one of the following conditions
was met: (1) the presence of a pathogen was demonstrated
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by microbiologic culture or Polymerase Chain Reaction;
(2) infection was diagnosed based on the radiological or
other imaging findings by at least two physicians; and (3)
the patient had obvious symptoms of infection or obvious
clinical effects of treatment with antimicrobial, antiviral,
or antifungal agents. We diagnosed the infections by posi-
tive blood or local cultures. Patients with negative cul-
tures were diagnosed after considering the clinical findings
(recurrent symptoms, no improvement without antibiotics,
and infectious inflammation on pathological examination).
All patients in the blood culture-positive group also had
the same bacteria detected in the local cultures; therefore,
we concluded that there was no contamination in these
cases. We excluded cases of postoperative infection from
this study.

All procedures performed in the studies involving
human participants were in accordance with the ethical
standards, and this research was approved by the Ethics
Committee of out institution (approval No. 21A142).

The present study was conducted in accordance with
the guidelines stipulated in the Declaration of Helsinki,
and data confidentiality was ensured. We did not directly
obtain informed consent from the patients. We used the
opt-out method to obtain consent from the patients to par-
ticipate in this study. However, some patients died before
the study. Hence, informed consent was not obtained. Eth-
ics Committee of our institution has decided to exclude the
data of the patients who died if the patients’ family refuses
to provide consent based on the opt-out method.

Baseline measurements

We investigated the patients’ sex and age, identification
method of the causative organism, presence or absence of
an immunocompromised host, and high morbidity.

The patients were divided into the following two
groups: the 00 group diagnosed from 2000 to 2009, the 10
group diagnosed from 2010 to 2020. The patients’ average
age was 70.5 years (12-91 years).

A comparison was made between the two groups for
each study item.

Statistical analysis

Mann—Whitney U test was used to analyze the categorical
variables in the intergroup case, whereas the chi-square
test was for the other variables. For cases with an expected
frequency of <5, Fisher’s exact test was performed. SPSS
version 27(IBM, Illinois, USA) was used in all statistical
analyses, with a significance threshold set at p <0.05.

Results

In the 00 group, 82 patients (57 men and 25 women) aged
68.8 years were included, whereas the 10 group comprised
75 cases (46 men, 29 women, average age of 72.6 years;
hence, the patients in this group was significantly older than
the patients in the 10 group. The proportion of suscepti-
ble hosts was significantly higher in the 00 group than in
the 10 group. The proportion of susceptible hosts was not
low (36.0%). The bacterial activity rate was >70% in both
groups. In both groups, the highest prevalence of cases were
located in the lumbar spine (Table 1).

Figure 1 shows all bacteria detected from 2000 to 2020.
Regarding the causative organisms, there were few cases of
Mycobacteria tuberculosis and nontuberculous mycobacte-
rial infections in both groups.

In fact, in the 00 group, there were four cases of M. tuber-
culosis infections and three cases of atypical M. tuberculosis
infections, whereas in the 10 group, there was one case for
each infection type, showing a decrease in the number of
cases (Fig. 2).

The prevalence of resistant bacteria, such as MRSA, was
significantly reduced from 23 (27.3%) in group 00 to only
5 (6.7%) in group 10 (Fig. 3). Conversely, the number of
infections caused by oral and commensal bacteria increased
significantly from 3 (13.0%) in group 00 to 17 (37.8%) in
group 10 (Fig. 4).

Table 2 shows the causative bacteria detected in group
10, but not in group 00. Most of the causative bacteria were
indigenous to the oral cavity and skin. They were not associ-
ated with the presence or absence of immunodeficiency, and
most of the patients were aged > 70 years

Discussion

The present study demonstrated the trends in infectious
spondylitis with a focus on the data from 2000. Nagashima
et al. have been investigating trends in infectious spondy-
litis over the last 50 years, specifically from the 1950s to
the 2000s [3]. Reports investigating trends in infectious

Table 1 Patients’ background characteristics

00 Group 10 Group p value
Age 68.8+1.2 72.6+1.5 0.01
Sex (female%) 30.5 38.7 0.28
Compromized host (%) 524 36.0 0.03
Bacterial detection rate 70.1 71.3 0.34
Location of infection (cer-  8/19/56 10/18/57

vical/thoracic/lumbar)
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Fig. 1 Inflammatory bacteria. Tb: tuberculosis; MRSE: Methicillin-resistant Staphylococcus epidermidis; MRSA: Methicillin-resistant Staphy-

lococcus aureus E. coli: Escherichia coli

Fig.2 Comparison between the 4
Mycobacterium tuberculosis

and atypical M. tuberculosis

cases
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spondylitis since the 2000s are lacking. A characteristic
of the present study is the low number of cases of tuber-
culous spondylitis, which was particularly noticeable in
the 10 group. A previous Japanese study has reported that
the number of vascular infections peaked at 599.0 cases
per 100,000 population in 1955 and decreased by 99% to
4.5 cases per 100,000 population in 2022 [7]. Despite a
trend toward a younger age group, the overall downward
trend in incidence rates has persisted [8], and the decrease
in the number of tuberculous spondylitis cases may reflect
this background.

@ Springer
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As a result, although S. aureus was the most common
organism causing the outbreak, the percentage of resistant
bacteria, such as MRSA, decreased significantly in the 10
group, indicating a new change in the trend of the organism
causing the outbreak. MRSA infections are known to be on
a gradual downward trend [9], although outbreaks vary from
region to region [10].

The trend in the 2000s was that MRSA outbreaks
occurred worldwide [11-13], and since then, measures, such
as the proper use of antibacterial agents against resistant
bacteria, have been performed at each facility since 2010. It
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Fig.3 Percentage of resistant
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pathogenesis
m Indigenous Bacteria = Others m Indegeous Bacteria m Others
0
13.0% 37.8% p < 0.0l
Table 2 Newly detected Mycobacterium species and patients’ background characteristics since 2010
Bacteria Location of bacteria Causative bacteria Age Immuno-
compromised
host
Aggregatibacter aphrophilus Intraoral Gram-negative cocci 78 O
Corynebacterium spp. Upper respiratory tract/skin Gram-negative cocci 80 O
Granulicatella adiacern Intraoral/intestinal tract/urinary Gram-positive cocci 58 X
Gemella morbillorum Intraoral/upper respiratory tract Gram-positive cocci (anaerobic) 57 O
Parvimonas micra Intraoral Gram-positive cocci (anaerobic) 91 X
Streptococcus sanguis Intraoral Gram-positive cocci 75 O
Streptpcoccus mitis Intraoral/pharynx Gram-positive cocci 80 X
Staphylococcus lugdunensis Skin Gram-positive cocci 83 O
Streptcocus dysgalactae Pharynx/skin Gram-positive cocci 83 X
Streptococcus anginosus Intraoral/urinary Gram negative Rod 74 X
Pasteurella multocida Intraoral (except humans) Gram-negative cocci (anaerobic) 71 X
Raoultella ornithinolytica Soil/water Gram-negative cocci 76 O
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is believed that this strategy decreased the number of infec-
tious spondylitis by resistant bacteria [9, 10]. Moreover,
a previous nationwide study reported that the number of
MRSA cases in Japan is decreasing [4].

Although the number of MRSA infections decreased in
the present review, the number of oral and indigenous skin
bacterial infections increased after 2010. Romanga et al. [14]
reported that 29% of 41 patients with spinal infections had
concomitant bacterial oral infections, although only 25% of
these patients had oral bacteria that matched the causative
bacteria detected from disk biopsies. The oral microbiota
comprises many bacterial species. The detection of patho-
genic bacteria has long been attempted but remains chal-
lenging, with many bacteria still uncharacterized [15, 16].
There are two main reasons for the increasing detection of
these bacteria. First, the oral cavity is inherently a site with
a strong biological defense. However, it is hypothesized
that bacterial breakthrough of the oral defense mechanisms
occurs because of a decline in host immunity. The oral
hygiene status of the elderly in particular is poor [17, 18].
Klotz et al. have reported that oral hygiene in patients in
their 50s and 70s was not related to sex, but that patients in
their 70s had poorer oral hygiene [19]. In the present study,
the number of immunocompromised patients decreased sig-
nificantly in the 10 group, but the patients’ age increased,
which may have strongly reflected the influence of age fac-
tors. Additionally, as previously mentioned, oral bacteria
have predominantly low virulence. Traditionally, the detec-
tion of causative bacteria in tissues such as intervertebral
disks or blood was primarily conducted through a biochemi-
cal analysis based on the observation of the bacterial charac-
teristics and morphology. However, mass spectrometry has
become more prevalent in recent years, potentially leading
to the detection of previously undetected low-virulence bac-
teria [20, 21]. Since 2014, the analytical method has been
modified, and it appears that it reflects the results. However,
it is necessary to consider that the number of infectious dis-
eases that are caused by bacteria that are indigenous to the
oral cavity is increasing.

Regarding the increasing proportion of pyogenic spon-
dylitis caused by oral commensal bacterial infections, espe-
cially those caused by indigenous oral bacteria as described
in various case reports [22, 23], pathogenic infections due
to indigenous bacterial infections have been reported in all
regions in the last 10 years; therefore, this hospital alone
is not sufficient. It can be considered as an unrestrained or
global trend.

Infectious spondylitis is generally considered a hema-
togenous infection [24], and the presence of a prior infec-
tion is a factor in the development of this type of an infec-
tion. Infectious endocarditis is a well-known complication,
and echocardiography and other tests are recommended to
investigate the source of infection if the organism causing

@ Springer

pyogenic spondylitis is the same as the organism that causes
endocarditis.

Given the increasing incidence of oral infections, oral
hygiene should also be checked when treating patients
with infectious spondylitis. In fact, Gordon et al. [25]‘s
study involving postoperative knee arthroplasty patients
reported that a history of dental caries and dental implants
correlated with postoperative complications, indicating the
importance of a detailed history taking of dental treatments
before arthroplasty. Although bacteremia due to an infec-
tion with oral commensal bacteria is not common, it should
be considered a possible source of the initiating organism.
Management of oral hygiene may also be useful in prevent-
ing flare-ups of spondylitis. The strength of the present study
is that the trend in the incidence of pyogenic spondylitis
has changed over the past decade, with previously undetect-
able organisms, such as oral commensal bacteria, now being
found to be the causative organisms. Although the identifica-
tion of the causative organisms is considered essential [24,
26, 27], in cases wherein the causative organisms cannot be
identified, empiric antimicrobial therapy may have to con-
sidered. However, the administration of antibiotics without
the identification of the causative organisms is contrary to
the proper use of drugs and is a breeding ground for the
development of new resistant bacteria; hence, this should be
avoided whenever possible. The identification rate may be
improved if we are aware of the possibility that spondylitis
can develop from an oral infection.

There are several limitations to this study. First, it was
a single-center study. Second, some cases were not identi-
fied. However, even though the present investigation is a
single-center study, long-term reports on the recent trends in
infectious spondylitis to identify its causative organisms are
lacking. The identification rate of the causative organisms in
our department is > 70%, with the detection rate being better
in group 10 than in group 00; thus, we do not believe that we
are far from the actual clinical situation.

Conclusion

Our survey of the trends in infectious spondylitis since 2000
revealed that the organisms responsible for spondylitis have
changed over time. Continued research is needed to identify
the most common organisms that cause spondylitis, as they
will continue to change depending on the patients’ back-
grounds and infection control practices.
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