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Native joint infections in Iceland 2003-2017: an
increase in postarthroscopic infections
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ABSTRACT

Objectives Nationwide study on the epidemiology,
clinical characteristics and outcomes among patients
with native joint infection (NJI) in Iceland, 2003-2017.
Methods All positive synovial fluid culture results in
Iceland were identified and medical records reviewed.
Results A total of 299 NJI (40 children and 259
adults) were diagnosed in Iceland in 2003—-2017, with a
stable incidence of 6.3 cases/100 000/year, but marked
gender difference among adults (33% women vs 67%
men, p<0.001). The knee joint was most commonly
affected, and Staphylococcus aureus was the most
common isolate in both adults and children, followed
by various streptococcal species in adults and Kingella
kingae in children. NJI was iatrogenic in 34% of adults
(88/259) but comprised 45% among 18—65years and
a stable incidence. Incidence of infections following
arthroscopic procedures in adults increased significantly
compared with the previous decade (9/100 000/year in
1990-2002 vs 25/100 000/year in 2003—2017,p<0.01)
with no significant increase seen in risk per procedure.
The proportion of postarthroscopic NJI was 0.17%
overall but 0.24% for knee arthroscopy. Patients with
postarthroscopic infection were more likely to undergo
subsequent arthroplasty when compared with other
patients with NJI (p=0.008).

Conclusions The incidence of NJI in Iceland has
remained stable. The proportion of iatrogenic infections
is high, especially among young adults, with an increase
seen in postarthroscopic infections when compared
with the previous decade. Although rare, NJI following
arthroscopy can be a devastating complication, with
significant morbidity and these results, therefore,
emphasise the need for firm indications when
arthroscopic treatment is considered.

INTRODUCTION

Bacterial septic arthritis (SA) is an uncommon yet
serious infection which can lead to rapid destruc-
tion of the joint. These infections often require
a lengthy hospital stay and prolonged treatment
with intravenous antibiotics, resulting in high
patient and healthcare burden. Delayed or inad-
equate treatment can result in permanent loss of
joint function as well as life-threatening septi-
caemia. Even with treatment, overall mortality
rates related to SA can be significant in adults,
ranging from 3% to 23% with 30-day mortality
rates of 2%-10%'* and a poor functional
outcome in 24% of cases.”

Key messages

What is already known about this subject?

» There are few studies on native joint septic
arthritis (native joint infection, NJI), which
address the impact of iatrogenic infections.

What does this study add?

» This study confirms a high proportion of
iatrogenic NJI in Iceland, with an increase seen
in postarthroscopic infections when compared
with the previous decade.

» Our nationwide analysis estimated the
frequency of postarthroscopic NJI to be 0.17%
rising to 0.24% for the knee joint.

How might this impact on clinical practice or

future developments?

» Although rare, there are serious complications
associated with arthroscopy, including infection
which can cause considerable morbidity and
potential sequelae.

» Appreciation of these risks and establishment
of firm indications for arthroscopic procedures
is essential.

The incidence of SA is increasing according to
some studies.’ *° ' This can potentially be explained
by an ageing population, increased use of immu-
nosuppressive drugs and an increase in invasive
diagnostic and therapeutic joint procedures such
as joint injections, arthroscopies and open joint
surgery. Arthroscopic procedures have increased
steadily in the last two decades, largely supplanting
open joint surgery (other than joint replace-
ment surgery). The most common indications for
arthroscopic procedures in adults are degenerative
or traumatic meniscal tears and arthroscopic partial
meniscectomy (APM) is one of the most commonly
performed orthopaedic operations.” * However,
several studies have failed to show an advantage
of arthroscopic surgery over conservative manage-
ment or placebo surgery for these patients. >~

There are few recent epidemiological and clin-
ical studies on native joint infections (NJIs), which
address the impact of iatrogenic infections. Two
recent studies from New Zealand demonstrated
that 16.9% and 17% of NJI were iatrogenic, respec-
tively.* 7 A previous study in Iceland, 1990-2002,
showed a rising incidence of SA, primarily due to
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cases related to open joint surgery and arthrocentesis.'’ The
proportion of iatrogenic infections was 41.8% among adults,
making further studies on this problem imperative.

The primary objective of this retrospective, nationwide study
was to describe the epidemiology, clinical characteristics and
outcomes of NJI in Iceland during the subsequent 15 years,
2003-2017, and in particular, to assess the impact of iatrogenic
infections in native joints.

MATERIALS AND METHODS

Setting, data sources and identification of positive cultures
According to Statistics Iceland the country had 288 471 inhab-
itants at the beginning of the study period and 348 450 at the
end. All inhabitants with residency of 6 months or more are
covered by the Icelandic national health insurance, which is
funded by taxes. Secondary care is provided by eight hospitals
in the country, but vast majority of patients with joint infec-
tions are treated at two hospitals providing both secondary and
tertiary care; most cultures of synovial fluid are performed in
those two locations. Inpatient care is multidisciplinary, involving
consultants in infectious disease, rheumatology and orthopae-
dics. A nationwide computerised and manual search for posi-
tive synovial fluid cultures was performed, covering a 15-year
period, 1 January 2003-31 December 2017, in all microbiology
departments in Iceland. In cases where no antibiotic therapy was
administered and/or symptoms were not compatible with infec-
tion, the isolate was considered a contaminant.

Data collection, case definitions and exclusions

Medical records of all patients with positive synovial fluid
cultures taken from a native joint were reviewed for the
following data: patient age, sex, comorbidities including pres-
ence of underlying joint disease, immunosuppressive treatment,
joints involved, history of recent arthrocentesis, arthroscopy or
joint surgery, clinical presentation, concomitant infection, labo-
ratory test results, microbiology results, antimicrobial treatment
and surgical management. Patients with contaminated cultures;
those without compatible symptoms and/or those who did not
receive any antimicrobial therapy were excluded. In a few cases
of NJI, there was doubt whether the isolated pathogen was
the real cause of infection or contamination. These cases were
included if the patient had clinical signs of infection and received
full antibiotic therapy for NJIL.

Streptococcus pyogenes isolates were emm-typed and sero-
types of Streptococcus pneumoniae were identified using stan-
dard methods.

Iatrogenic NJI was defined as infections diagnosed within
8 weeks following arthrocentesis or arthroscopy; or within 6
months from open joint surgery. Relapse of infection was defined
as readmission with NJI of the previously infected joint within 6
months after completing treatment with reidentification of the
offending organism.

Definitive treatment, with a microbiologically appropriate
drug, was defined as therapy administered for more than 50% of
the total duration of parenteral antimicrobial therapy.

Epidemiology

Overall, gender-specific and age-specific incidence rates were

calculated by dividing the number of cases by the overall, gender-

specific and age-specific Icelandic population as listed by Statis-

tics Iceland and expressed as cases/100 000 individuals/year.
The total number of arthroscopic procedures performed

during the study period was acquired from the Directorate of

Health in Iceland and used as the numerator in incidence calcu-
lations for arthroscopy-related infections as described above.

The prevalence of psoriatic arthritis (PsA) in Iceland is
0.149%" and the prevalence of rheumatoid arthritis (RA) is
estimated between 0.8% and 1% based on previous Nordic
studies.'”” These numbers were used when calculating the inci-
dence rates of NJI in patients with RA and PsA, presented as
cases/1000 patients/year.

Patient involvement
There was no active patient or public involvement in this retro-
spective study.

Statistical analysis

Statistical analysis was performed using R V.3.1.3 (R Core Team,
Vienna, Austria) and GraphPad Prism V.9.0 (GraphPad Software,
San Diego, California, USA). Poisson regression analysis was
performed for the age specific incidence of NJI. The y? test and
Fisher’s exact test were used for categorical variables and Mann-
Whitney U test for continuous, non-normally distributed data.
Multivariable logistic regression, adjusted for age and gender,
was used with joint replacement surgery as the dependent vari-
able and postarthroscopic NJI as the independent variable. Two-
tailed testing was performed and p<0.05 used as the level of
significance.

RESULTS

Identification of confirmed cases

The process for identification of confirmed infections is shown in
figure 1. Over the 15-year period, 893 microbiological samples
from joint fluid were registered as positive. In 257 cases, the
sample was incorrectly marked as joint fluid, most often coming
from an infected bursa and 199 were contaminants. Therefore,
culture-confirmed cases were identified in 437 patients, of which
299 were NJIL.

Demographics and clinical characteristics

Overall, 40 children under the age of 18 and 259 adults fulfilled
criteria for NJI, with a significant gender difference seen among
adults (33% women vs 67% men, p<0.001). The average age of
adults was 60.2 years (SD 19) and children 6.4 years (SD 6.1) the
youngest patient was 2 months old and the oldest 99 years old.
The clinical and laboratory characteristics of NJI are shown by
age in tables 1 and 2, respectively.

NJI occurred in nine patients with a history of injection drug
use. In this patient group infection of the axial joints was signifi-
cantly more common compared with non-injection drug users
(4/9 vs 9/250, p<0.001).

A total of seven adult patients (2.7%) were diagnosed with
concurrent endocarditis and there was an increase during the
study period with one case diagnosed in 2003-2010 and six
cases in 2011-2017 (1/156 vs 6/143, p=0.05).

Incidence

The overall average incidence of culture confirmed NJI was
6.3/100 000 residents/year for the period 2003-2017, ranging
from 3.7 to 10 cases/100 000 residents (figure 2A). There was no
significant change over the 15-year time period. Age-specific and
gender-specific incidence is shown in figure 2B, demonstrating
the highest incidence rates at the extremes of the age spectrum,
and consistent gender differences across almost all age groups.
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Figure 1

latrogenic infections

NJI was considered iatrogenic in 7.5% of paediatric cases (3/40)
and 34% of adult cases (88/259). Infection was diagnosed
following arthroscopy in 22.4% (58/259) of cases, arthrocentesis
in 7.3% (19/259) of cases and open joint surgery (other than
joint replacement surgery) in 4.3% (11/259) of cases in adults
(table 3). The median time from arthrocentesis to diagnosis
of infection was 10 days (IQR 5.5-13 days) vs 13 days from
arthroscopy (IQR 8-20.5 days) (p=0.03). The median time from
open joint surgery to diagnosis was 52 days (IQR 26.5-65 days).
In adults 18-65 years of age the overall percentage of iatrogenic
infections was 45%, significantly higher than the percentage of
iatrogenic infections among older adults (=65 years) (67/149
vs 21/110, p<0.01). The difference was mostly due to postar-
throscopic infections which were primarily observed in younger
adults (53/149 vs 5/110, p<0.01) whereas postarthrocen-
tesis NJI was more common in older adults (7/149 vs 12/110,
p=0.09) (table 1).

When compared with a previous nationwide study covering
1990-2002, there was no significant change in the overall inci-
dence of iatrogenic infections among adults (40/100 000/year
in 1990-2002 vs 37.5/100 000/year in 2003-2017). There
was a significant increase in infections among adults following
arthroscopic procedures (9/100 000/year in 1990-2002 vs
25/100 000/year in 2003-2017, p<0.01). At the same time,
the incidence of infections following arthrocentesis and open
joint surgery (other than joint replacement surgery) decreased
(17/100 000/year vs 8/100 000/year for arthrocentesis, p=0.1;
13.5/100 000/year vs 5/100 000/year, p=0.06 for open joint
surgery, respectively).

Flow chart showing identification of culture confirmed NJI in Iceland, 2003-2017. NJI, native joint infection.

During the whole study period at least 22033 arthroscopic
procedures were performed. However, due to incomplete data
before 2010 the number of iatrogenic infections following
arthroscopic procedures during 2010-2017 was used to calcu-
late the risk per procedure. The estimated ratio of infections per
arthroscopic procedure is shown in table 4. The knee joint was
analysed separately since the majority of iatrogenic infections
followed procedures on the knee.

Contributing risk factors

Overall, 82% of adults had a potential risk factor for NJI (online
supplemental table 1). Underlying joint disease was present
in 49% (127/259), with osteoarthritis being most common.
Inflammatory rheumatic disease was present in 24% with
crystal arthropathy being most common. There was a decrease
in the incidence of infections in patients with RA and PsA
during the study period (6.7 cases/1000 patients/year in 2003—
2010 vs 2cases/1000 patients/year in 2011-2017, p=0.04and
15.9 cases/1000 patients/year vs 5.8 cases/1000 patients/year,
p=0.3, respectively).

Microbial aetiology

Bacterial species isolated from joint samples are shown in
table 5. Methicillin-susceptible-Staphylococcus aureus was most
common in children and adults, followed by different strepto-
coccal species in adults. Coagulase-negative staphylococci were
significantly more common in NJI following any kind of joint
procedure (33/88 vs 10/171, p<0.01). Kingella kingae was the
second most common isolate in children and was only found in
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Table 1 Clinical characteristics on admission among children and adults with NJI in Iceland, 2003-2017
Children <2 years 2-18 years Total Adults 18-65 years >65 years Total P value
No of cases 19 21 40 149 110 259
Time to presentation (days) 2 3 3 4 2 3
Joint pain 16/19 (84) 21/21 (100) 37/40 (93) 146/149 (98) 108/110 (98) 254/259 (98) 0.08
Swollen joint* 1418 (78) 20/21 (95) 31/39 (79) 144/1438 (97) 101/107 (94) 245/255 (96) <0.001
DROMTt 19/19 (100) 20/20 (100) 39/39 (100) 141/142 (99) 104/107 (97) 245/249 (98) 1
Joint rednessq| 8/15 (53) 713 (54) 15/28 (54) 43/112 (38) 47/90 (52) 90/202 (45) 0.4
Warm joint¥ 8/12 (67) 11/13 (85) 19/25 (76) 89/115 (77) 54/72 (75) 143/187 (76.5) 1
Infected joint:
Knee 4/19 (21) 9/21 (43) 13/40 (33) 95/149 (64) 53/110 (48) 148/259 (57) 0.006
Shoulder 3/19 (16) 0 3/40 (7.5) 71149 (5) 18/110 (16) 25/259 (10) 1
Elbow 2/19 (11) 721 (33) 9/40 (23) 1149 (1) 0 1/259 (0.5) <0.001
Hip 1119 (5) 3/21 (14) 4/40 (10) 12/149 (8) 8/110 (7) 20/259 (8) 0.5
Ankle 6/19 (32) 2/21 (9.5) 8/40 (20) 11/149 (7) 71110 (6) 181259 (7) 0.01
Wrist 1119 (5) 0 1/40 (2.5) 3/149 (2) 14/110 (13) 17/259 (6.5) 0.5
Hands and feet 0 0 0 5/149 (3) 6/110 (5) 11/259 (4) -
Other joints§ 2/19 (11) 0 2/40 (5) 15/149 (10) 4/110 (4) 19/259 (7) 1
Polyarticular infection 0 0 0 7/149 (5) 12/110 (11) 19/259 (7) -
latrogenic infection 0 3/21 (14) 3/40 (7.5) 67/149 (45) 217110 (19) 88/259 (34) <0.001

Data are no/no (%).
P value, children vs adults.
P values <0.05 are shown in bold.

*Information on joint swelling found in: 18/19 cases <2 years, 21/21 cases 2—18 years, 148/149 cases 18-65 years and 107/110 >65 years.

+DROM: Information found in: 19/19 cases <2 years, 20/21 cases 2—18 years, 142/149 cases 18-65 years and 107/110 >65 years.

tInformation on temperature change over joint found in: 12/19 cases <2 years, 13/21 cases 2—18 years, 115/149 cases 18-65 years and 72/110 >65 years.
§Adults: 8 sternoclavicular, 7 acromioclavicular, 2 sacroiliac, 2 vertebral facet joint infections. Children: 2 sacroiliac infections.

linformation on joint redness found in: 15/19 cases <2 years, 13/21 cases 2—18 years, 112/149 cases 18-65 years and 90/110 >65 years.

DROM, decreased range of motion; NJI, native joint infection.

children <3 years of age. S. aureus was the causative pathogen
in 78% of infections among injection drug users and 56% of
patients with RA. There was an increase in the number of NJI
caused by S. pyogenes during the study period, with two infec-
tions diagnosed in 2003-2010 and 8 in 2011-2017 (2/156 vs
8/143, p=0.05).

Treatment and outcomes

Empiric and definitive antimicrobial therapy are summarised
in online supplemental table 2, treatment and outcomes are
summarised in online supplemental table 3. Median duration
of parenteral antimicrobial treatment was significantly longer in
adults compared with children, 29 days in adults (IQR=21-42
days) vs 13.5days in children (IQR=10-28.5days) (p<0.01).
In adults, 24 patients (99%) received a prosthetic joint following
infection. The average time from diagnosis to arthroplastic
surgery was 3.5 years. Of these patients, 62.5% (15/24) had
a history of iatrogenic infection with 46% (11/24) having
postarthroscopic infection (11/58 vs 13/201, p=0.008) and
16.7% (4/24) having infection following arthrocentesis (4/19 vs
20/240, p=0.08). Postarthroscopic NJI was independently asso-
ciated with the need for subsequent arthroplastic surgery after
adjusting for age and gender with OR 3.6 (95% CI 1.3 to 10.3).
The average time from postarthroscopic NJI to insertion of a
prosthetic joint was 3.2 years.

Relapse of infection after treatment occurred in 4.6% of adult
cases (12/259) with no relapse noted in paediatric cases of NJI.
The average age of these patients was 61 years and 50% (6/12)
had an iatrogenic infection (postarthroscopy four patients,
postarthrocentesis one patient, open joint surgery one patient;
p=0.2). S. aureus was the pathogen in 75% (9/12) and the

median time of parenteral therapy before relapse was 29 days
(IQR=21-41).

The overall 30-day mortality rate was 4.7% (14/299) and in
adults the mortality was 5.4% (14/259). The average age of these
patients was 81 years. Of those who died 50% had S. aureus
infection. Deaths could be directly attributed to the infection in
57% of cases (8/14) while it was contributory in 43%.

DISCUSSION

This comprehensive nationwide study provides epidemiolog-
ical, clinical and prognostic analysis of patients with culture-
proven NJI over a 15-year period. The average incidence of
NJI in Iceland 2003-2017 was 6.3 cases/100 000 residents per
year, with the highest incidence rates seen at the extremes of
the age spectrum, as found in previous studies.'® ™ '* The male
predominance observed among NJI is also in line with earlier
reports. 10111920

The median time from the onset of symptoms to healthcare
presentation and subsequent diagnosis in our study was 3 days, a
markedly shorter time than previously reported.'**' One expla-
nation for this shorter time may be universal ease of access to
healthcare services in Iceland.

The proportion of patients with iatrogenic infection was
34% in adults, considerably higher than has been reported
by others.* 7 In young adults (18—65 years), nearly half of the
infections were iatrogenic, which is alarmingly high. Previously,
the mean number of iatrogenic infections rose from 2.8 annual
infections in 1990-1994 to 9 infections/year in 1998-2002,"
but according to our results they have since remained stable. The
infections most often followed arthroscopic procedures while in
the previous decade infection following arthrocentesis was most
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Table 2 Investigations and laboratory results on diagnosis among children and adults with NJI in Iceland, 2003-2017
Children <2 years 2-18 years Total Adults 18-65 years >65 years Total P value
No of cases 19 21 40 149 110 259
Admission data:
Temperature (median, °C) 38 38 38 37.7 37.6 37.7 0.02
WCC (median, x10%/L) 13.2 10.9 1.4 9.9 11.6 10.5 0.4
ESR (median, mm/hour) 34 35 35 54 71 57 0.006
CRP (median, mg/L) 49 48 49 123 180 148 <0.001
Synovial fluid WCC (median, x109* 86675 31075 31075 50400 69000 58794 0.3
Positive blood culturet 3/16 (19) 715 (47) 10/31 (32) 32/100 (32) 42179 (53) 741179 (41) 0.4
Crystal arthropathy] - - - 5/60 (8) 22/63 (35) 27123 (22) -
Normal admission values:¥
Temperature <37.8°C 6/19 (32) 8/21 (38) 14/40 (35) 78/141 (55) 59/102 (58) 137/246 (56) 0.02
WCC <10.5x10%/L 6/19 (32) 10/21 (48) 16/40 (40) 84/143 (59) 41/109 (38) 125/252 (50) 0.3
CRP <10mg/L 2/19 (10.5) 4/21 (19) 6/40 (15) 41143 (3) 6/107 (6) 10/250 (4) 0.01
ESR <20 mm/hour 1/10 (10) 1/7 (14) 2117 (12) 11/70 (16) 7149 (14) 18/119 (15) 1
Other infective syndromes:
Adjacent osteomyelitis 3/19 (16) 9/21 (43) 12/40 (30) 16/149 (11) 13/110 (12) 29/259 (11) 0.005
Endocarditis 0 0 0 3/149 (2) 4/110 (4) 71259 (3) -
Cellulitis 0 0 0 3/149 (2) 3/110 (3) 6/259 (2) -
Other§ 0 0 0 3/149 (2) 5/110 (5) 8/259 (3) -

Data are no/no (%).
P value, children vs adults.
P values <0.05 are shown in bold.

*Information on number of WCC in the synovial fluid obtained was found in 171 adult cases and 12 paediatric cases.

tInformation on blood culture (whether taken, positive or negative) was found in: all paediatric cases, 141 cases in age group 18-65 years and 103 cases >65 years. Blood
culture was performed in 16/19 <2 years, 15/21 cases 2—18 years, 100/149 cases 18-65 years and 79/110 >65 years.

tInformation on (A) temperature was found in: all paediatric cases, 144/149 cases 18-65 years and 102/110 >65 years. (B) WCC: all paediatric cases, 143/149 cases 18-65 years
and 109/110 >65 years. (C) CRP: all paediatric cases, 143/149 cases 18-65 years, 107/110 >65 years. (D) ESR: 10/19 cases <2 years, 7/21 cases 2—18 years, 70/149 cases 18-65

years and 49/110 >65 years.

§Pneumonia 5 (all patients were >65 years), urinary tract infection 2, streptococcal toxic shock syndrome one patient.
flinformation on concurrent crystal arthropathy in adults was found in: 60/149 cases 18-65 and 63/110 >65 years.
CRP, C reactive protein; ESR, erythrocyte sedimentation rate; NJI, native joint infection; WCC, white cell count.

common (online supplemental figure 2). The frequency of postar-
throscopic NJI in older reports ranges from 0.1% to 0.5%"°#
with more recent publications reporting 0.15%-0.849%.2 Our
study estimated the frequency of postarthroscopic NJI to be
0.17%, with 0.24% for the knee joint, which is consistent with
these reports.

Although the frequency of postarthroscopic arthritis per
procedure has remained stable over the last 15 years, the
number of infections has increased due to an increase in the
number of arthroscopic procedures. The Directorate of Health
in Iceland published a report in 2017 on the yearly numbers
of arthroscopic knee procedures performed in Iceland. From
2012 to 2016, the frequency was estimated to be 590 arthros-
copies/100 000 residents/year and 890 procedures/100 000
residents over the age of 50.2° These numbers are considerably
higher than those published from other Nordic countries. In
2011, the frequency of arthroscopies among patients older than
55 years in Denmark was 322 procedures/100 000 residents and
in 2012 the frequency of knee arthroscopies in patients older
than 18 years in Finland was 347/100 000.*” ?® For further
comparison the frequency in Iceland in 2012 in patients older
than 18 years was 770 knee arthroscopies/100 000 residents.*®
This indicates that arthroscopic knee procedures are overused
in Iceland and since the evidence of their benefit is weak with
previous studies consistently showing that APM, one of the most
commonly performed arthroscopic procedure, offers no benefit
over conservative treatment or placebo surgery, the indications
for these procedures should be reviewed.'*" Additionally, other

potential complications including pulmonary embolism, cast this
wide practice in doubt.”

A high number of adult NJI patients had an underlying joint
disease (49%) of which 24% had inflammatory rheumatic
disease and just over 6% of patients had RA, which is considered
to be a major risk factor for NJI. This proportion of patients
with RA was lower than reported in some studies,' %! yet similar
to some.> * ¥ These data, therefore, suggest that it may be
inflammatory joint disease itself rather than the specific disease
process which raises risk of NJI. A decrease was seen in the inci-
dence of NJI in patients with RA and PsA over the study period.
Although immunosuppressive drugs such as disease-modifying
antirheumatic drug and TNF-alpha inhibitors are considered to
increase the risk of infections, it is possible that their role in
preserving function and subsequent decreased need for arthro-
centesis and intra-articular steroids may offer overall protection
against infection.

The median duration of parenteral antimicrobial treatment for
NJI was significantly longer for adults (4 weeks) compared with
children (2 weeks) (online supplemental table 3). The optimal
duration of antimicrobial therapy in children has been studied
with prospective, randomised trials showing that treatment with
intravenous antibiotics for short periods (4-7 days), followed by
oral therapy was as successful as longer courses of parenteral
therapy®®*! and guidelines for treatment were changed accord-
ingly in 2011. There is less consensus on the duration of treat-
ment for NJI in adults. The general recommendation is 2—4
weeks of intravenous treatment followed by oral therapy for at
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Figure 2 (A) Overall annual incidence of culture confirmed NJI in
Iceland, 2003-2017. The dashed line shows running 2-year average. (B)
Age-specific and gender-specific incidence of culture confirmed NJI in
Iceland, 2003-2017. NJI, native joint infection.

least 7-14 days. This is consistent with the median duration of
parenteral antibiotic therapy in adults in our study, but it is prob-
able that the time could have been shortened in selected cases, as
suggested by more recent studies.” *>

The mortality rate in our study was 5.4% in adults, which is in
the lower range compared with previous reports.’ 2 We found
that 9% of adults in our cohort required arthroplastic surgery, all
within 9 years of diagnoses of NJI. A large retrospective cohort

Table 4 Ratio of infections per arthroscopic procedure, 2010-2017

No of SA following No of arthroscopic

Joint arthroscopy procedures Ratio, %
All joints 37 21342 0.17
Knee joint 32 13290 0.24
Other joints* 5 8052 0.06

*Shoulder joint: 4, ankle joint: 1.
SA, septic arthritis.

study on patients who received arthroscopic knee washout for
NJI between 1997 and 2017 in England, found that within 15
years, 9% of patients had knee arthroplasty, corresponding to
an annual rate of arthroplasty about six times higher than in the
general population.® These findings highlight the potential risk
of long-term consequences following NJI. Our study found that
patients with a history of postarthroscopic infection are signifi-
cantly more likely to require arthroplastic surgery compared
with other patients with NJI, after adjusting for age and gender.
Previous cohort studies suggest that progression of osteoarthritis
may be more rapid in those who have undergone arthroscopic
procedures, possibly accelerating the need for arthroplastic
surgery.” ** When bacterial infection complicates these proce-
dures, more rapid destruction of the joint is likely to further
accelerate the need for joint replacement.

The comprehensive nationwide approach of this study as well
as the microbiological confirmation of cases is the main strengths
of this study. Moreover, detailed clinical and follow-up infor-
mation was available for most cases and historical information
was available for epidemiological comparisons. Nevertheless,
this study has important limitations. The number of NJI in our
study is underestimated due to limitation of case ascertainment
to culture positivity. Case ascertainment using diagnostic codes
or Newmans’s modified criteria would likely have increased our
case numbers. In particular, cases of small joint NJI are under-
represented in our cohort since synovial fluid sampling is often
not performed when small joint NJI is suspected as these joints
often do not have enough volume to support needle aspiration.”
Similarly, it is likely that the incidence of NJI in young children is
underestimated in our study as cultures of synovial fluid are the
mainstay of diagnosis while PCR for K. kingae has been shown to

Table 3 latrogenic NJI in adults in Iceland 2003-2017
Arthrocentesis Arthroscopy Open joint surgery Total
No of cases 19 58 1 88
Age (years, median) 69 54 63 57
Time from procedure to diagnosis (days, median) 10 13 52 13
Male/female ratio 1.4 26 2.7 23
Infected joint
Knee 11/19 (58) 52/58 (90) 8/11 (73) 71/88 (81)
Shoulder 3/19 (16) 4/58 (7) 111 (9) 8/88 (9)
Other* 5/19 (26) 2/58 (3) 2/11 (18) 9/88 (10)
Synovial culture
Staphylococcus aureus 11/19 (58) 23/58 (40) 4/11 (36) 38/88 (43)
CNS 4/19 (21) 23/58 (40) 6/11 (55) 33/88 (38)
Streptococcit 3/19 (16) 5/58 (9) 111 (9) 9/88 (10)
Othert# 1119 (5) 7/58 (12) 0 8/88 (9)

Data are no/no (%). Median values for age and time from procedure to diagnosis are shown.

*Acromioclavicular, ankle, hip, proximal interphalangeal and wrist joint.

tStreptococcus, viridans group: 3, Streptococci group C or G: 4, Streptococcus mitis: 1, Streptococcus pneumoniae: 1.
tEnterobacter cloacae, gram positive rods, Klebsiella oxytoca, Lactococcus cremoris, Micrococcus species.

CNS, coagulase-negative staphylococci; NJI, native joint infection.
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Table 5 Results of synovial fluid culture in NJI in Iceland 2003—
2017

Children (<18 Adults (=18 Total (%)
Bacterial isolates years) n=40 years) n=259 n=299
Staphylococcus aureustt 19 (48) 137 (53) 156 (52)
Staphylococcus lugdunensis 0 7(3) 7(2)
Coagulase-negative 1(2.5) 43 (17) 44 (15)
Staphylococci
Streptococcus agalactiae 0 8(3) 8(3)
Streptococcus pneumoniae* 1 (2.5) 8(3) 9(3)
Streptococcus pyogenest 1(2.5) 9(3.5) 10 (3)
Streptococci group C or G 1(2.5) 20 (8) 21(7)
Other Streptococci 2 (5) 8(3) 10 (3)
All Streptococci 5(12.5) 53 (20) 58 (19)
Escherichia coli 0 3(1) 3(1)
Enterobacter cloacae 0 4 (1.5) 4(1)
Kingella kingae 11 (28) 0 11 (4)
Other gram-negative rodst 1(2.5) 6(2) 7(2)
All gram-negative rods 12 (30) 13 (5) 25 (8)
Neisseria gonorrhoea 0 1(0.4) 1(0.5)
Gram positive rods§ 3(7.5) 4(1.5) 7(2)
Otherq| 1(2.5) 6(2) 7(2)
Total** 41 264 305

Data are no/no (%).

*Serotypes in year 2003: 22, 2004: 4, 12, 35, 2007: 19F, 6B, 2009: 6B, 2014: 21,
2016: 15B/C.

tInformation on emm types was available in 9/10 isolates. Overall, seven different
emm types were identified, the most common type was emm3 (33%), all three
cases isolated after 2013. Other types were emm1, 12, 28, 81, 87, 89.
tBurkholderia pseudomallei, Escherichia hermannii, Klebsiella oxytoca, Pasteurella
multocida, Pseudomonas aeruginosa, Rosemonas species, Stenotrophomonas
maltophilia.

8Bacillus species, Clostridium perfringens, Corynebacterium species, gram positive
rods unspecified.

YAerococcus urinae, Enterococcus faecium, Lactococcus cremoris, Micrococcus
species, anaerobic gram-positive cocci unspecified.

**Four patients had two bacterial species isolated, one had three.

t10nly Methicillin-susceptible S. aureus was isolated.

NJI, native joint infection.

have significantly better sensitivity. It is, however, unlikely that
this will influence the rate of complications as the clinical course
of K. kingae NJI is usually benign.*® 3

CONCLUSION

This study suggests that the incidence of NJI in Iceland has
remained stable over the past 15 years. However, the proportion
of iatrogenic infections is high, seen in 45% of young adults,
most often following arthroscopic procedures which are increas-
ingly being performed on relatively young patients with joint
complaints. Although the overall frequency of postarthroscopic
infections remains unchanged, the incidence of these infections
has significantly increased when compared with the previous
decade due to more widespread use. Our study suggests that
patients with postarthroscopic infection are more likely to
relapse after treatment when compared with other patients
with NJI and are more likely to receive arthroplastic surgery.
Despite being rare, there are serious complications associated
with arthroscopy, including infection which entails considerable
morbidity. Appreciation of these risks and establishment of firm
indications for arthroscopic procedures is essential.
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