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ABSTRACT
Background: A ubiquitous human pathogen, Streptococcus pyogenes (Group A Streptococcus, GAS) causes infections from
mild pharyngitis to severe septic infections. Acute kidney injury (AKI) is a condition of prompt decline of renal function.
The aim of the present study was to report the incidence and outcome of AKI in GAS bacteraemia and to evaluate the
diagnostic value of serum C-reactive protein as an indicator of AKI.
Methods: All adult patients with GAS bacteraemia treated at Turku University Hospital from 2007 to 2018 were identified
and their patient records were scrutinised.
Results: Of 195 included patients, 38 (19.5%) had AKI stage 1, 20 (10.3%) AKI stage 2 and 26 (13.3%) AKI stage 3 and 111
(56.9%) did not have AKI. The adjusted seven-day mortality was significantly higher in AKI stages 2 and 3 compared to the
non-AKI group (15% and 19% vs. 3.6%; p¼ .046 and .006, respectively). Of the survivors, 95.8% met the criteria of renal
recovery at discharge. The higher the AKI stage, the higher was the mean serum CRP level on admission. The optimal cut-
off for CRP to identify patients with AKI stage 2 or 3 was �244mg/l (sensitivity 82.6% and specificity 75.8%).
Conclusions: AKI is common in patients with GAS bacteraemia and the severity of AKI correlates with the CRP level on
admission. The mortality of patients with GAS bacteraemia and AKI is significantly higher than of patients without AKI.
Most survivors, however, show renal recovery.

KEY MESSAGE

� AKI is common in group A Streptococcal bacteraemia and increases mortality compared to bacteraemia alone. However, renal
recovery is also common. A high CRP level on admission correlates significantly positively with the degree of severity of AKI.
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Background

A ubiquitous and well-recognized human pathogen,
Streptococcus pyogenes (Group A Streptococcus, GAS),
causes infections ranging from mild pharyngitis or non-
necrotizing cellulitis to invasive infections (iGAS), such as
bacteraemia or streptococcal toxic shock syndrome
(STSS). GAS infections are associated with 500,000
deaths per year worldwide [1].

Acute kidney injury denotes a prompt decline in renal
function and has been defined and divided into stages
by the organisation Kidney Disease Improving Global
Outcomes (KDIGO) [2]. Sepsis constitutes the most com-
mon aetiology for AKI, and 36–68% of septic patients
have AKI [3–6]. Furthermore, AKI increases the mortality
rate among patients with and without sepsis [4,5,7], but
information specifically on iGAS and AKI stage
are sparse.

Several serum biomarkers have been studied to iden-
tify AKI in patients with sepsis [8]. Elevated levels of pro-
enkephalin, cystatin C and Plasma Neutrophil Gelatinase
Associated-Lipocalin (NGAL) are associated with AKI in
septic patients [8–11]. Cosentino et al. showed that in
acute myocardial infarction elevated levels of high-sensi-
tivity CRP on admission are associated with the risk of
AKI and its severity [12]. Studies on CRP and sepsis-asso-
ciated AKI (SA-AKI) are relatively sparse. Zhou et al.
reported slightly higher CRP levels in septic patients
with AKI than without AKI, but the difference was not
statistically significant [13]. In another study, CRP levels
were significantly higher among septic patients with AKI
than without AKI [14].

Acute post-streptococcal glomerulonephritis (APSGN)
is an immune complex-mediated glomerulonephritis, the
incidence of which has decreased worldwide and is a
rarity in affluent societies nowadays [16]. In this study,
we have not investigated APSGN.

In the present study, we report the incidence of AKI
and assess the impact of AKI on the clinical outcome of
patients with GAS bacteraemia. We also examined serum
CRP level as an early indicator of AKI.

Material and methods

Study population and data collection

In the catchment area of the Hospital District of
Southwest Finland (HDSWF), there are 470,000 inhabi-
tants and five hospitals. All adult patients with GAS bac-
teraemia treated in any hospital in HDSWF from January
2007 until December 2018 were retrospectively

identified from the registry of antimicrobial use and
infections (Sairaalan antibiootti- ja infektioj€arjes-
telm€arekisteri, SAI-registry), a database which registers
all microbial findings in clinical samples, including bac-
teraemia. The SAI-registry includes each patient’s
national identity code and the date when the specimen
had been obtained. The SAI-register is maintained by
the Department of Hospital Hygiene and Infection
Control of the HDSWF. Eligible patients had at least one
blood culture positive for GAS, concurrent clinical signs
of infection, age �18 years and at least one contact to
any of the hospitals of the HDSWF during the GAS bac-
teraemia episode. We have previously reported the epi-
demiology, clinical profiles and antimicrobial treatment
choices [17]. For this study, an inclusion criterion was
added: the serum creatinine (SCr) value recorded simul-
taneously with the positive blood culture for GAS.
Patients on chronic dialysis were excluded.

All data were collected manually from the electronic
patient records by a specialist in infectious diseases (JVi).

Definitions

AKI was classified into stages 1–3 according to the
Kidney Disease Improving Global Outcomes (KDIGO)
classification system [2]. We used the term ‘non-AKI’ for
the cases not meeting the criteria of KDIGO AKI. Staging
rested on SCr but not on urine output, since data on
the urine output was not available in this retrospective
study. We used the KDIGO definition of AKI: ‘Increase in
SCr to �1.5 times baseline, which is known or presumed
to have occurred within the prior 7 days’. All eligible
patients had two SCr values: one on admission and one
baseline value as defined below. According to KDIGO,
AKI stage 1 is defined as a 1.5–1.9-fold increase and AKI
stage 2 as a 2.0–2.9-fold increase of SCr above baseline.
AKI stage 3 is defined as a � 3.0-fold increase in SCr
above baseline or as an increase to a value �4.0mg/dl
or as starting renal replacement therapy (RRT) [2].

The baseline SCr was taken as the most recent value
in the last 24month prior to the positive blood culture
for GAS, as proposed in the literature [18,19]. If the pre-
morbid SCr was not available, we estimated the baseline
SCr by using the Modification of Diet in renal Disease
(MDRD) equation, as recommended by the Acute
Disease Quality Initiative [20].

Renal recovery was defined as SCr <1.5-fold above
baseline without a need for renal replacement therapy
[21]. Renal recovery was determined at hospital dis-
charge and one year later.
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The underlying diseases were classified according to
the Charlson Comorbidity Index. The index was further
divided into four categories according to Charlson’s ori-
ginal study: 0 score is 0, 1–2 scores is 1, 3–4 scores is 2
and �5 scores is 3 [22].

The day of admission was regarded as the day when
the positive blood culture was taken.

Statistical analyses

Statistical analyses were performed with the IBM SPSS
Statistics for Windows version 27 (IBM Corp., Armonk,
NY). A two-sided p< 0.05 was considered statistically
significant. Categorical data were analysed by the v2 test
or Fisher’s exact test. The normality of continuous varia-
bles was checked using histograms. The mean ages
between AKI stages were compared by using one-way
analysis of variance (ANOVA) with Tukey’s method in
pairwise comparisons and the medians of the duration
of hospital stay by the Kruskal-Wallis test with the
Dunn-Bonferroni method in pairwise comparisons.

The difference in mean CRP values between AKI
stages was tested by using analysis of covariance
(ANCOVA) after adjustment for age and Charlson’s
comorbidity index and Bonferroni method was used in
further pairwise comparisons.

Binary logistic regression was used to compare mor-
tality between AKI stages after adjustment for age,
Charlson’s comorbidity index and ICU admission. Results
are expressed as odds ratios (OR) with 95% confidence
intervals (CI). The optimal cut-off value for CRP to iden-
tify the patients with AKI stage 2 or 3 was defined using
the receiver-operating characteristics (ROC) curve and
Youden’s index.

Results

Incidence of AKI and clinical characteristics of the
stages of AKI

The data of a total of 195 adult GAS bacteraemia
patients were included. Exclusions were due to chronic
dialysis (n¼ 2) or missing SCr data simultaneously with
the positive blood culture for GAS (n¼ 15). All included
patients were hospitalized. The premorbid SCr value was
not available in 59 patients (30.3%) and was estimated
by the MDRD equation.

Of all the cases, 43.1% exhibited AKI stage 1, 2 or 3
and 84.6% had their maximal SCr level on admission.

The clinical characteristics of the cases in different AKI
stages are summarized in Table 1. The mean age was
lowest (51.6 years) in AKI stage 3. In AKI stage 3, 42.3%
had the Charlson class 0, whereas in non-AKI, AKI stage
1 and 2 the proportions were 21.6%, 5.3%, 20.0%,
respectively (global p¼ .012). The higher AKI stages
were associated with more severe disease (considering
hypotension, ICU admission and need for invasive mech-
anical ventilation (IMV) or RRT) and with a higher preva-
lence of abdominal abscess.

Incidence of AKI among ICU-treated and non-ICU-
treated patients

Altogether 46 (23.6%) patients were treated in intensive
care. The reasons for ICU admission were severe septic
illness with failure of at least two organs. The AKI stage
distribution between ICU-treated and non-ICU-treated
patients is presented in Table 2. Altogether, 32.2%
patients treated outside the ICU and 78.2% treated in
ICU had AKI.

AKI and duration of hospital stay

The number of the hospital days varied by AKI stage.
The median duration of stay was 9 (IQR 8) in non-AKI,
15 (IQR 14) in AKI stage 1, 16 (IQR 29) in AKI stage 2
and 23 (IQR 28) in AKI stage 3. There was a significant
difference between non-AKI vs. AKI stage 1 (p¼ .020),
non-AKI vs. AKI stage 2 (p¼ .040) and non-AKI vs. AKI
stage 3 (p¼ .005).

AKI and mortality

Overall, hospital mortality was 10.3%. Mortality rates by
AKI stage are presented in Table 3. Mortality increased
by AKI stage. After adjustment for age, Charlson’s
comorbidity index and ICU admission, the 7-day mortal-
ity was higher among patients with AKI stage 2 than
among patients with non-AKI (p¼ .046). Patients with
AKI stage 3 had higher 7-day (p¼ .006), 30-day
(p¼ .005), 90-day (p¼ .012) and 1-year mortality
(p¼ .010) than patients with non-AKI.

AKI and CRP

The mean serum CRP levels on admission are summar-
ised in Table 4. The higher the AKI stage, the higher was
the mean serum CRP level (Table 4 and Supplementary
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Figure 1). The odds of having AKI stage 2 or 3 increased
1.74-fold per every 50mg/l increase in CRP values (95%
CI 1.45-2.08). The optimal cut-off CRP value to identify
patients with AKI stage 2 or 3 was �244mg/l (sensitivity
82.6% and specificity 75.8%). The ROC curve is presented
in Figure 1.

Patients with acute RRT

Altogether 16 (8.21%) patients needed RRT during the
bacteraemia episode. All patients who needed RRT were
ICU treated; 3 died during the hospital period. The
mean age of patients with RRT was 53.6 years (SD 14.33)

Table 1. Demographics and clinical characteristics of 195 patients with GAS bacteraemia and comparison of patients by KDIGO AKI stage.
Variables Non-AKI n¼ 111 AKI 1 n¼ 38 AKI 2 n¼ 20 AKI 3 n¼ 26 p-valuea total 195

Sex: female 55 (49.5) 18 (47.4) 12 (60.0) 11 (42.3) .687 96 (49.2)
Age mean (SD) 60.2 (19.82) 71.0 (16.21) 60.8 (17.81) 51.6 (13.22) .001 61.2 (18.92)
Charlson class .012
0 24 (21.6) 2 (5.3) 4 (20.0) 11 (42.3) 41 (21.0)
1 22 (19.8) 8 (21.1) 6 (30.0) 7 (26.9) 43 (22.1)
2 18 (16.2) 8 (21.1) 3 (15.0) 5 (19.2) 34 (17.4)
3 47 (42.3) 20 (52.6) 7 (35.0) 3 (11.5) 77 (39.5)

Healthcare-acquired 12 (10.8) 4 (10.5) 4 (20.0) 1 (3.8) .397 21 (10.8)
Housing typeb .862
Home 101 (91.0) 34 (89.5) 19 (95.0) 23 (88.5) 177 (90.8)
Long-term care facility 7 (6.3) 4 (10.5) 1 (5.0) 2 (7.7) 14 (7.2)

Underlying conditions
Diabetes mellitus 16 (14.4) 9 (23.7) 5 (25.0) 3 (11.5) .333 33 (16.9)
Hypertensionc 45 (40.5) 15 (39.5) 9 (45.0) 11 (42.3) .981 80 (41.0)
Any atherosclerotic diseased 25 (22.5) 9 (23.7) 4 (20.0) 5 (19.2) .985 43 (22.1)
Chronic kidney diseasee .009
CKD 1 31 (27.9) 4 (10.5) 2 (10.0) 11 (42.3) 48 (24.6)
CKD2 64 (57.7) 21 (55.3) 15 (75.0) 11 (42.3) 111 (56.9)
CKD 3 14 (12.6) 12 (31.6) 3 (15.0) 2 (7.7) 31 (15.9)
CKD4 2 (1.8) 1 (2.6) 0 (0.00) 1 (3.8) 4 (2.1)
CKD5 0 (0.00) 0 (0.00) 0 (0.00) 1 (3.8) 1 (0.5)

Congestive heart failuref 9 (8.1) 5 (13.2) 1 (5.00) 0 (0.00) .271 15 (7.7)
Cirrhotic liver diseaseg 4 (3.6) 0 (0.0) 0 (0.0) 1 (3.8) .654 5 (2.6)
Any malignancyh 18 (16.2) 5 (13.2) 2 (10.0) 1 (3.8) .439 26 (13.3)
Alcohol abusei 10 (9.0) 6 (15.8) 2 (10.0) 7 (26.9) .093 25 (12.8)
No underlying diseasej 21 (18.9) 8 (21.1) 5 (25.0) 7 (26.9) .732 41 (21.0)

Medication
Immunosuppr. medicationk 17 (15.3) 2 (5.3) 2 (10.0) 2 (7.7) .421 23 (11.8)
ACEI/ATR 34 (30.6) 12 (31.6) 5 (25.0) 9 (34.6) .923 60 (30.8)

Clinical manifestation
SSTIl 68 (61.3) 22 (57.9) 11 (55.0) 15 (57.7) .947 116 (59.5)
Pneumonia 25 (22.5) 6 (15.8) 5 (25.0) 8 (30.8) .555 44 (22.6)
Necrotising fasciitism 2 (1.8) 1 (2.6) 1 (5.0) 2 (7.7) .253 6 (3.1)
Abdominal abscess 1 (0.9) 2 (5.3) 2 (10.0) 2 (7.7) .034 7 (3.6)
Any abscess 9 (8.1) 6 (15.8) 5 (25.0) 5 (19.2) .078 25 (12.8)

Disease severity
Hypotensionn 16 (14.4) 14 (36.8) 14 (70.0) 22 (84.6) <.001 66 (33.8)
IMV 5 (4.5) 4 (10.5) 4 (20.0) 18 (69.2) <.001 31 (15.9)
ICU admissiono 10 (9.00) 7 (18.4) 10 (50.0) 19 (73.1) <.001 46 (23.6)
RRT 1 (0.9) 2 (5.3) 4 (20.0) 9 (34.6) <.001 16 (8.2)
STSSp 3 (2.70) 3 (7.90) 7 (35.0) 20 (76.9) <.001 33 (16.9)

Data represent: Number, (%) of the group.
AKI: Acute kidney injury 1-3 according to the KDIGO criteria and Non-AKI refers to the cases not meeting the criteria of KDIGO AKI; ACEI/ATR, angiotensin convertase
enzyme-inhibitor/angiotensin II receptor blocker; SSTI, skin and soft tissue infection; IMV, invasive mechanical ventilation; ICU, intensive care unit; RRT, renal replace-
ment therapy; STSS, streptococcal toxic shock syndrome.
ap value: comparison of groups AKI 1–3 and non-AKI with v2 test or Fisher0s exact test except with one-way ANOVA for age.
bHousing type: Data not available in four cases.
cMention of hypertension in electronic health record and medicated on admission.
dIncludes atherosclerotic cardiovascular or cerebrovascular disease, peripheral arterial disease, and transient ischaemic attack diagnosed by neurologist.
eChronic kidney disease classification according to the National Kidney Foundation [36].
fMention of heart failure in electronic health record.
gMention of cirrhotic liver disease in electronic health record.
hIncludes leukaemia, lymphoma, solid tumours and other cancers.
iIncludes alcohol abuse or alcohol-related medical or social problem according to the patient records.
jNone of chronic diseases above, nor chronic lung disease, inflammatory bowel disease, hypercholesterolaemia or intravenous drug using.
kIncludes: use of � 5mg of prednisolone last 28 d or biological medicine/cytotoxic drugs last 1 year.
lIncludes erysipelas, cellulitis, infected ulcers, wound infections.
mDefinition: intraoperative diagnosis of NF made by specialists in the fields of surgery.
nSystolic blood pressure < 100mmHg when the positive blood cultures for GAS were taken. Data not available in 26 cases.
oAdmission to the ICU during the 48 h after the positive blood cultures for GAS.
pThe definition of STSS was according to the case definition 2010 of Centres for Disease Control and Prevention (CDC) [37].
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and the mean number of treatment days was 14.3 (SD
10.6). The RRT was started within two days of admission
in all cases. The most common indication for RRT was
anuria with or without acidosis. None of the patients
needed RRT at discharge from hospital. See
Supplementary Table 1 for details.

Renal recovery

The patients who died during the hospital period
(n¼ 20), were excluded from this analysis. SCr status
was available at discharge for 167 patients. 160 of these
(95.8%) met the criteria signifying renal recovery.
Recovery was significantly (p¼ .003) more common in
the milder AKI stages: 93.8% in AKI stage 1, 100% in AKI
stage 2 and 80.0% in AKI stage 3. One patient in the
non-AKI group developed AKI later during the hospital
period and had higher SCr at discharge than on admis-
sion, but data on urinalysis or on a control SCr were not
available. One year after discharge the SCr status was
available for 135 patients. Only one did not meet the
renal recovery criteria at one year, although SCr at dis-
charge indicated recovery.

Discussion

The main observation in this study was a high incidence
of AKI among patients with GAS bacteraemia, but on
the other hand, a high renal recovery rate among survi-
vors. There was a statistically significant association
between AKI stage and duration of stay and between
AKI stage and mortality. We also found that an increased
CRP level on admission provides predictive information
on the severity of AKI.

The overall incidence of AKI was 43.1% and among
non-ICU-treated patients, the incidence was 32.2%.
Fiorentino et al. reported that 15% of patients with com-
munity-acquired pneumonia who survived to hospital
discharge had stage 2– 3 AKI [18]. Chertow et al.
reported an incidence of 18% of AKI among hospitalised
patients with infectious diseases [23]. In earlier studies,
the prevalence of AKI among septic ICU-treated patients
has varied between 53% and 68% [4,5,24]. In our study,
the incidence of AKI among ICU-treated patients was
even higher, 78.2%.

Bj€orck et al. found that iGAS patients had higher lev-
els of SCr at ICU admission compared to septic patients
with a non-iGAS infection (median 173 vs. 133 mmol/l)
and a higher Maximal Acute Kidney Injury Network

Table 2. AKI stage distribution between ICU-treated and non-ICU-
treated GAS bacteraemia patients (n¼ 195).
AKI stage ICU (n¼ 46) Non-ICU (n¼ 149)

Non-AKI 10 (21.7) 101 (67.8)
AKI 1 7 (15.2) 31 (20.8)
AKI 2 10 (21.7) 10 (6.7)
AKI 3 19 (41.3) 7 (4.7)

Data represent: Number, (%) of the group.
AKI: Acute kidney injury 1-3 according to the KDIGO criteria and Non-AKI refers
to the cases not meeting the criteria of KDIGO AKI; ICU, intensive care unit.
The difference in AKI stage distribution between ICU-treated and non-ICU-
treated was statistically significant (global p< 0.001; v2 test).

Table 3. Mortality rates among GAS bacteraemia patients (n¼ 195) by KDIGO AKI stage.
Mortality Non-AKI (n¼ 111) AKI 1 (n¼ 38) AKI 2 (n¼ 20) AKI 3 (n¼ 26)

7-day
n (%) 4 (3.6) 1 (2.6) 3 (15.0) 5 (19.2)
OR (95% CI) 1 0.76 (0.08-7.50) 5.87 (1.03-33.43) 16.00 (2.17-117.68)
p-value 0.816 0.046 0.006

30-day
n (%) 7 (6.3) 4 (10.5) 4 (20.0) 6 (23.1)
OR (95% CI) 1 1.33 (0.34-5.11) 4.28 (0.98-18.77) 10.77 (2.03-57.05)
p-value 0.682 0.054 0.005

90-day
n (%) 11 (9.9) 5 (13.2) 4 (20.0) 6 (23.1)
OR (95% CI) 1 0.94 (0.29-3.10) 2.67 (0.66-10.86) 7.26 (1.53-34.35)
p-value 0.920 0.170 0.012

1-year
n (%) 16 (14.4) 8 (21.1) 4 (20.0) 7 (26.9)
OR (95% CI) 1 1.03 (0.37-2.86) 1.71 (0.44-6.67) 6.74 (1.59-28.64)
p-value 0.949 0.442 0.010

OR: Odds ratio; CI: Confidence interval. Binary logistic regression was used to compare mortality between AKI stages after adjustment
for age, Charlson’s comorbidity index and intensive care unit admission.

Table 4. Mean (SD) and adjusted mean (SE) CRP values (mg/ml)
on admission by KDIGO AKI stage.
AKI stage N Mean (SD) Adjusted mean (SE)

Non-AKI 111 142.67 (112.28) 154.36 (11.45)
AKI 1 38 200.08 (115.30) 212.48 (19.07)
AKI 2 20 304.40 (112.36) 309.36 (25.37)
AKI 3 26 332.58 (126.30) 328.12 (22.55)

SD: Standard deviation; SE: Standard error. Significant difference was found
between non-AKI vs. AKI stage 1 (p¼ 0.0498), non-AKI vs. AKI stage 2
(p< .001), non-AKI vs. AKI stage 3 (p< .001), AKI stages 1 vs. 2 (p¼ .014) and
AKI stages 1 vs. 3 (p¼ .001) but not between AKI stages 2 vs. 3 (p¼ 1.000).
Comparison between AKI stages was done using ANCOVA after adjustment for
age and Charlson’s comorbidity index. Bonferroni’s method was used in pairwise
comparisons.

INFECTIOUS DISEASES 5

https://doi.org/10.1080/23744235.2022.2114536


classification score during the first 10 days after admis-
sion (median 3 vs. 0). They also found that iGAS patients
with emm1, compared to other serotypes, more often
had renal failure [25]. Similarly, Bruun et al., who com-
pared patients with necrotizing soft-tissue infections
caused by GAS and Streptococcus dysgalactiae (SD),
found that the patients in the GAS-group had higher
preoperative SCr values than the patients in the SD
group (178 vs. 103 mmol/l) [26].

In earlier studies, SA-AKI has been associated with
higher age [4,24], a higher number of co-morbid dis-
eases [4,27], chronic kidney disease [24,28], hypertension
[24,28], cardiovascular disease [28] and diabetes mellitus
[24,28]. However, in our study, those associations were
not seen. Conversely, the mean age was lowest in AKI
stage 3 and a majority of patients displaying AKI stage 3
had chronic kidney disease stage 1 or 2. However, these
earlier studies have not focussed on SA-AKI caused by
GAS. Our results are in line with a Swedish study in
which the iGAS group was younger but developed still
more often AKI than non-iGAS septic patients [25]. GAS
is known to cause severe invasive infections, for
example, STSS and necrotising fasciitis, in younger adults
and in patients without underlying disease [29].

The duration of hospital stay was significantly longer
in each AKI stage than in the non-AKI group. This is in
line with earlier studies in which AKI has been related to
longer ICU and hospital stays among septic and non-
septic patients [5,30].

A high level of CRP on admission was associated,
with a significant positive correlation, with an increased
incidence of the higher severity stages of AKI, despite
adjustment for patient age and Charlson’s comorbidity
index. This suggests that the inflammatory reaction
caused by GAS may play a more important role than
comorbidities and age in the pathogenesis of SA-AKI
caused by GAS. Nie et al. showed a correlation between,
on the one hand, high serum procalcitonin (PCT) and
CRP levels and, on the other hand, AKI among inpatients
with infection symptoms. In the same study, PCT pre-
dicted more precisely than CRP the emergence of AKI in
patients with suspected infection [15]. In a retrospective
observational study among 514 septic patients, CRP lev-
els were significantly higher in the AKI-group than non-
AKI-group (137 vs. 105mg/l) [14]. In our study, a CRP
cut-off level of � 244mg/l identified the patients with
stage 2 or 3 AKI with a sensitivity of 82.6% and a specifi-
city of 75.8%. However, as both CRP and SCr are readily
available and widely used in clinical practice, and as we
did not study whether the CRP elevation precedes SCr
elevation (which would enable earlier prediction of AKI),
the clinical utility of this finding is limited.

In our study, almost all patients (95.8%) who survived
to hospital discharge recovered from AKI. Patients with
AKI stage 3, compared to lower stages, had a slightly
lower renal recovery rate (80.0%) but the rate was still
high compared to earlier studies. Fiorentino et al.
showed that 42.4% of patients hospitalised with com-
munity-acquired pneumonia and AKI stage 2–3 recov-
ered [18] and Kellum et al. found that half of the
patients with septic shock and AKI had regained their
renal function by hospital discharge [7]. In our study,
mean age of patients with AKI stage 2 and 3 was lower
compared to study by Fiorentino et al. Also, the
Charlson class was relatively low among AKI stage 2 and
3 patients. Younger age and milder comorbidity may be
one explanation for the better AKI recovery in
our patients.

In recent years, the pathophysiology of SA-AKI has
been shown to be multifactorial involving microcircula-
tory flow abnormalities and inflammation. Circulating
cytokines may amplify endothelial inflammatory
responses. An adaptive response of tubular epithelial
cells to the changes of the local environment (i.e. down-
regulation of the cell function in order to ensure cell
survival) is also recognised [31,32]. On the other hand,
various GAS toxins may act as superantigens, stimulating
immune-cells and inducing cytokine expression, which
results in tissue damage and organ dysfunction [33,34].

Figure 1. Receiver-operating characteristics (ROC) curve of GAS bac-
teraemia patients (n¼ 195) presenting the ability of CRP to identify
those with AKI stage 2 or 3.
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Thus, we propose that the causative pathogen, or even
the strain of this pathogen, may have an impact on the
development of AKI among septic patients. However,
iGAS-induced AKI seems generally to be reversible due
to patient characteristics, e.g. younger age and less
comorbidities.

In earlier studies, mortality has been related to the
severity of AKI [5,7,24], and AKI stage 3 has been shown
to be independently associated with 90-day mortality
[24]. In the present study, the 7-day mortality was higher
in AKI stage 2 and 3 than in the non-AKI group, and the
30-day mortality was higher in AKI stage 3 than in the
non-AKI group. However, the 7-day and 30-day mortality
rates in AKI stage 3 (19.2% and 23.1%) and AKI stage 2
(15.0% and 20.2%) were lower than in previous studies,
where mortality among septic AKI patients ranged from
27.7% [7] to 38.1% [24] and to 51.7% [5]. In these previ-
ous studies, patients were critically ill, but the pathogen
was not specified, whereas in our study 73.1% of GAS
bacteraemia patients with AKI stage 3 and 50.0% of AKI
stage 2 were admitted to the ICU. Thus, our results are
more in line with the earlier study of Bj€orck et al [25], in
which 30-day mortality among ICU-treated iGAS patients
was only 13%, and significantly lower than among non-
iGAS septic patients, albeit renal failure was more com-
mon in the iGAS group.

A recent study has shown that the timing of the high-
est SCr value during a single admission correlates with
mortality. If the highest SCr value occurred before the
lowest (i.e. resolving AKI), rather than the reverse, mor-
tality was lower [35]. In our study, most patients with
AKI could be categorised as resolving, thus in agreement
with the low mortality noted.

Our study has some limitations. The retrospective
dataset is a weakness. The premorbid SCr value was esti-
mated by the MDRD equation in 33% of cases, which
may overestimate the AKI stage in these patients. The
proportion of patients without data on the premorbid
SCr in our study was, nevertheless, markedly lower than
in the FINNAKI study where it was 69% [6]. Also, since
17 patients were excluded, the incidence of AKI should
be interpreted with caution.

In conclusion, patients admitted for GAS bacteraemia
met very often the criteria for AKI, but their renal recov-
ery rate was high. A high CRP-level on admission was
associated with a higher occurrence of stage 2 or 3 AKI.
Development of severe AKI in bacteraemic GAS patients
may be related to an acute septic inflammatory reaction
rather than underlying diseases and patient characteris-
tics. Patients with GAS bacteraemia and severe AKI may

have higher rates of survival and recovery than SA-AKI
patients in general. More studies are needed to investi-
gate the association between the causative pathogen
and SA-AKI. Regarding the pathogenesis of SA-AKI, the
inflammatory pathways and AKI categories induced by
sepsis and specific pathogens present interesting and
important avenues for further clinical research.
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