
Gwak and Han  BMC Veterinary Research          (2025) 21:261  
https://doi.org/10.1186/s12917-025-04689-w

RESEARCH Open Access

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

BMC Veterinary Research

Evaluation of the modified quick 
sequential organ failure assessment scoring 
system for triage and prognostic assessment 
in canine emergency and critically ill patients: 
a retrospective study
Soyeon Gwak1 and HyunJung Han1,2* 

Abstract 

Background In veterinary medicine, the qSOFA model has been studied in patients with conditions such as perito-
nitis or pyometra, and among the modified qSOFA models, only the qSOFA-lactate model has been researched. Thus, 
this study aimed to evaluate the effectiveness of q-SOFA-C-reactive protein (CRP), qSOFA-lactate, and quick systemic 
inflammatory response syndrome (qSIRS) models for triaging emergency and critically ill patients. These models were 
juxtaposed with conventional systems (SIRS, qSOFA, and acute patient physiology and laboratory evaluation [APPLE] 
fast) to ascertain their efficacy in patient triage and prognostication. In this retrospective cohort study, data from 166 
dogs admitted to the Department of Emergency and Critical care at Konkuk Veterinary Medical Teaching Hospital 
between February 2021 and May 2023 were analyzed. Scoring systems were computed based on initial admission 
physical examinations (respiratory rate, heart rate, temperature, mentation, and systolic blood pressure) and laboratory 
results (white blood cell and platelet count and albumin, glucose, lactate, and CRP levels). Because no prior veterinary 
studies on the qSOFA-CRP model were available, optimal cutoff values were established using receiver operating char-
acteristic (ROC) curves and the Youden index. Conventional scoring systems were compared with the modified qSOFA 
within the survivor and non-survivor groups. The most effective system was determined through ROC curve analysis.

Results For the qSOFA-CRP model, we identified an optimal cutoff value for CRP at > 1.55 mg/dL. All modified qSOFA 
scoring systems showed significant differences between survivors and non-survivors, in contrast to the conventional 
scoring systems. Notably, the qSOFA-CRP model demonstrated the highest area under the ROC curve value (0.761, 
95% CI 0.68–0.83) and odds ratio (13.373, p < 0.001) when evaluating mortality at 28 days.

Conclusions The qSOFA-CRP model, when employing a CRP threshold of 1.55 mg/dL, demonstrated promising 
potential as a novel criterion for triaging emergency and critically ill patients. However, further assessment is required 
in a larger population of patients at the precise early stage of sepsis.
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Background
Sepsis is a severe medical condition that results from 
an imbalanced host response to infection and is char-
acterized by organ dysfunction [1–4]. When rapid 
treatment of sepsis is not achieved, tissue hypoperfu-
sion and organ failure progresses to septic shock. The 
accurate and objective diagnosis of sepsis, confirmation 
of the presence of pathogens in the patient’s blood, and 
identification of clinical symptoms indicative of infec-
tion are crucial. Blood cultures can be used for this 
purpose; however, they yield positive results in only 
approximately 15–49% of sepsis cases and even lower 
accuracy in patients who received antibiotics before 
testing [5, 6]. Furthermore, blood culture process typi-
cally required an average of 36 h to provide the results 
[7]; this entire process, including antibiotic susceptibil-
ity testing, can lead to delays in administering antibi-
otics to emergency patients. Therefore, several clinical 
variables and tools are used for early sepsis screening, 
including the systemic inflammatory response syn-
drome (SIRS) criteria, vital signs, signs of infection, 
sequential organ failure assessment (SOFA) criteria, 
and quick SOFA (qSOFA) score [8–11].

Among these tools, qSOFA is a simple and readily 
applicable scoring system for patient assessment that is 
based on three criteria: respiratory rate, altered men-
tation, and systolic blood pressure. This allows for a 
prompt evaluation without the need for specialized 
equipment or techniques or additional laboratory test, 
thereby aiding in the differentiation of patients who 
require emergency intervention [12]. Additionally, in 
human medicine, studies have shown that the applica-
tion of qSOFA in emergency department patients helps 
identify those in need of immediate treatment, not only 
in patients with suspected infections but also in the 
non-infectious group. [13, 14]

However, the qSOFA and SIRS were designed to accu-
rately identify early signs of infection related to respira-
tory and circulatory abnormalities rather than organ 
damage associated with severe infections. Consequently, 
they have been criticized for their low sensitivity and 
specificity in diagnosing sepsis alone, as they do not 
account for specific variables, such as the underlying 
comorbidities of patients [15–18].

The conventional scoring system APPLEfast provides 
a more comprehensive and objective assessment of a 
patient’s condition by evaluating factors such as menta-
tion, glucose, albumin, and lactate levels, and platelet 
count [19]. However, because it relies on multiple labora-
tory test results, it takes more time to obtain results com-
pared to a physical examination. Additionally, in cases 
where blood sampling is not possible due to the patient’s 
condition, scoring can be challenging.

Therefore, in human medicine, ongoing research is 
focused on developing a rapid and appropriate scoring 
system for the triage of emergency and critical patients by 
incorporating additional criteria into the existing qSOFA 
scoring system. To enhance the predictive accuracy of the 
qSOFA, comparative studies have evaluated the qSOFA-
lactate [20, 21], qSOFA-CRP [22, 23], and qSIRS models, 
which combine qSOFA with the SIRS criteria [16, 17, 24] 
for patient assessment.

Nevertheless, in veterinary medicine, research 
related to qSOFA has only evaluated the prognosis of 
patients with peritonitis or pyometra [25, 26]. For modi-
fied qSOFA, studies have only been conducted on the 
qSOFA-lactate model [27]. Therefore, this study aims to 
assess the applicability of qSOFA in both infectious and 
non-infectious groups in veterinary medicine. Addition-
ally, the study seeks to identify the most suitable modi-
fied qSOFA scoring system for triaging emergency and 
critically ill patients, including those with sepsis and in 
need of early treatment, by comparing it with conven-
tional qSOFA, SIRS, and APPLEfast scoring systems [19].

Methods
The aim, design and setting of the study
This retrospective cohort study utilized the electronic 
medical records of canine patients admitted to the 
department of Emergency and Critical Care at Konkuk 
Veterinary Medical Teaching Hospital from February 
2021 to May 2023, in order to calculate of all scoring sys-
tems. The animal-related procedures in this study were 
subjected to review and approval by the Institutional 
Animal Care and Use Committee (IACUC) at Konkuk 
University, under approval number [KU23197].

Patients
The inclusion criteria were the availability of values for 
the initial physical examination (respiratory rate, heart 
rate, temperature, mentation, and systolic blood pressure 
measured using a doppler device) and laboratory find-
ings (white blood cells and platelet counts and albumin, 
glucose, lactate, and CRP levels, with CRP levels meas-
ured using the IDEXX Catalyst CRP Test, IDEXX Labo-
ratories, Inc., Westbrook, ME, USA) at the time of first 
hospital admission. Hospitalization was administered 
to patients requiring close monitoring and treatment 
for conditions such as respiratory distress, hypotension, 
anemia, and decreased mentation, as identified through 
examinations upon admission. Data regarding the dura-
tion of hospitalization were also included. Additionally, 
data on patient signalment, age, sex, body weight, and 
outcomes were collected.

To compare the patient triaging capabilities and prog-
nostic evaluation abilities of various scoring system, 
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patients were divided into two groups based on the clini-
cal oucomes: survivors and non-survivors. Survivors 
were defined as animals discharged from the hospital 
and remained alive for ≥ 28 days post-discharge. Non-
survivors were defined as animals that either died during 
hospitalization or were euthanized owing to poor prog-
nosis. Cases of euthanasia due to factors unrelated to the 
animal’s medical condition, such as financial constraints, 
were excluded.

Additionally, this study aims to evaluate the appli-
cability of these scoring systems in general emergency 
and critically ill patients without confirmed infections. 
Patients were classified into infectious and non-infec-
tious groups based on antibiotic usage during the treat-
ment period. In this study, antibiotics were administered 
only to patients with confirmed infections, as evidenced 
by direct bacterial observation on microscopic smears 
of blood, urine, pleural fluid, ascitic fluid, or wound exu-
date, or by positive culture results.

Scoring systems
The SIRS, qSOFA, qSIRS, and APPLEfast scores were 
calculated based on individual data at the first hospital 
admission. Calculations for SIRS, qSOFA, qSIRS, qSOFA-
lactate, and APPLEfast were based on previous stud-
ies[11, 19, 24, 27, 28]. The SIRS score was evaluated on 
a scale of 0–4 using four criteria:1) respiratory rate > 40/
min, 2) white blood cell count < 5.0 K/uL or > 19.0 K/
uL, 3) heart rate > 150 bpm, and 4) temperature < 37.2 
or > 39.4 oC [9, 16, 17, 28, 29]. The qSOFA score ranges 
0–3 based on the following criteria:1) respiratory 
rate > 22/min, 2) altered mentation, and 3) systolic blood 
pressure < 100 mmHg [28]. For the qSIRS score, six cri-
teria were established by adding the SIRS criteria to 
qSOFA based on the approach used in a previous study 
in humans. The cutoff values were applied based on the 
results of previous studies in veterinary medicine [24]:1) 
respiratory rate > 22/min, 2) altered mentation, 3) systolic 
blood pressure < 100 mmHg, 4) heart rate > 150 bpm, 5) 
temperature < 37.2 or > 39.4 oC, and 6) white blood cell 
count < 5.0 or > 19.0 K/uL. The qSOFA-lactate score was 
calculated based on previous study criteria [27], where 
one point was added to the existing qSOFA score if the 
lactate level was > 3 mmol/L, resulting in a total score 
ranging 0–4 points. The APPLEfast score was determined 
according to established criteria, considering five factors: 
glucose, albumin, and lactate levels, platelet count, and 
mentation score, resulting in a score of 0–50 [19]. The 
criteria for the five scoring systems are listed in Table 1.

We employed ROC curves and the Youden index to 
determine the optimal cutoff value for the qSOFA-CRP 
model, as no prior studies in veterinary medicine were 
available. Subsequently, we incorporated this criterion 

into the three existing qSOFA criteria, making a total 
score of 0–4 points.

Statistical analysis
Statistical analyses were conducted using SPSS software 
(Version 23). Data normality was assessed using the Sha-
piro–Wilk test. For normally distributed data, the Stu-
dent’s t-test was used to compare the difference between 
the two groups. Non-normally distributed data were 
compared using the Mann–Whitney U test. Accordingly, 
Variables with a normal distribution were presented as 
mean (SD), whereas those with a non-normal distribu-
tion were reported as median.

In the qSOFA-CRP model, we identified the optimal 
cutoff value for CRP using ROC curves to determine the 
point at which the Youden Index (J) was maximized. The 
Youden Index is the sum of sensitivity and specificity 
minus one (J = Sensitivity + Specificity −1).

To determine the scores with the highest sensitivity 
and specificity for each scoring system, we conducted 
ROC curve analysis and calculated the Youden index. 
Using this threshold score, we conducted AUROC analy-
ses for each scoring system in relation to mortality and 
infection status. For scoring systems with an AUROC 
value greater than 0.5, we performed additional logistic 
regression analyses to compare odds ratios. This allowed 
us to identify the scoring system with the most signifi-
cant triage capabilities. Additionally, ROC curve analysis 
was conducted to evaluate whether this scoring system 
could predict patient prognosis regardless of infection 
status. All ROC curve analysis was conducted with a 95% 
confidence interval, and statistical significance was set at 
p < 0.05.

Results
Case identification
During the study period, 166 dogs were admitted to 
our hospital. In total, 5 dogs were excluded because the 
absence of lactate (n = 3) and CRP (n = 1) measurements 
at admission and one patient was euthanized owing 
to financial constraints (n = 1). Finally, 161 dogs were 
included in this study.

Among the 161 dogs, 95 survived for up to 28 days 
after discharge, 64 died, and 2 were euthanized owing to 
poor prognosis; thus, 95 survivors and 66 non-survivors 
were included in the final analysis.

Comparison of physical examination findings (respira-
tory rate, heart rate, temperature, mentation, and systolic 
blood pressure) and laboratory results (white blood cell 
and platelet counts and albumin, glucose, lactate, and 
CRP levels) between survivors and non-survivors are 
presented in Table 2.
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Determination of cutoff value for qSOFA‑CRP model
Receiver operating characteristic (ROC) curve analysis 
was performed to determine the optimal cutoff value 
for CRP in the qSOFA-CRP model. The results showed 
that CRP levels significantly differed between survivors 
and non-survivors (p < 0.001, AUC = 0.747, CI = 0.673–
0.821). Using the Youden’s index, a cutoff value of 1.55 
mg/dL was identified, providing a sensitivity of 88% and 
specificity of 58% (Fig.  1). Thus, we defined CRP con-
centrations > 1.55 mg/dL as an additional criterion in the 
qSOFA-CRP model, for which one point was added to 
the score.

Comparison between survivors and non‑survivors for each 
scoring system
For the SIRS, no statistically significant difference was 
observed between survivors and non-survivors, with 
both groups having a median score of 1 (range:0–4; 
p = 0.460). However, significant differences were 
observed between the two groups for the scores of 
qSOFA, qSIRS, APPLEfast, qSOFA-lactate, and qSOFA-
CRP models. Survivors had a median qSOFA score of 1 
(range:0–3), whereas non-survivors had a median score 
of 2 (range:0–3; p < 0.001). For the qSIRS, survivors and 
non-survivors had median scores of 2 (range:0–5) and 

Table 1 SIRS, qSOFA, qSOFA-lactate, qSIRS and APPLEfast criteria definition

a adapted from Otto et al. [28]; badapted from Osgood et al. [11]; cadapted from Ortolani et al. [27]; dadapted from Green et al. [24]; eadapted from Hayes et al. [19]; 
f0 points: normal state, 1 point: ability to stand unassisted but with dull responsiveness, 2 points: need for assistance to stand with dull responsiveness, 3 points: 
incapability of standing but with responsiveness, and 4 points: incapability of standing with unresponsiveness. SIRS, systemic inflammatory response syndrome; 
qSOFA, quick sequential organ failure score; qSIRS, SIRS + qSOFA;  APPLEfast, acute patient physiologic and laboratory evaluation score; qSOFA-lactate, modified qSOFA 
with lactate criteria added

Scoring system Criteria Point

SIRS criteria
(range 0–4)a

Respiratory rate > 40/min 1

WBC count < 5.0 or > 19.0 1

Heart rate > 150 bpm 1

Temperature < 37.2℃ or > 39.4℃ 1

qSOFA criteria
(range 0–3)b

Respiratory rate > 22/min 1

Altered mentation 1

Systolic blood pressure < 100 mmHg 1

qSOFA-lactate criteria 
(range 0–4)c

Respiratory rate > 22/min 1

Altered mentation 1

Systolic blood pressure < 100 mmHg 1

Lactate > 3 mmol/L 1

qSIRS criteria
(range 0–6)d

Respiratory rate > 22/min 1

WBC count < 5.0 or > 19.0 1

Heart rate > 150 bpm 1

Temperature < 37.2℃ or > 39.4℃ 1

Altered mentation 1

Systolic blood pressure < 100 mmHg 1

Glucose

APPLEfast Criteria
(range 0–50)e

Score 0 7 8 9 10

mg/dL  > 273  < 84 84–102 103–164 165–273

Albumin

Score 0 2 6 7 8

g/dL 3.3–3.5  > 3.5 3.1–3.2 2.6–3.0  < 2.6

Lactate

Score 0 4 8 12

mg/dL  < 18.0 18.0–72.1 72.2–90.1  > 90.1

Platelet count

Score 0 1 3 5 6

 ×  109/L 261–420  > 420 201–260 151–200  < 151

Mentation  scoref

Score 0 4 6 7 14

point 0 1 2 3 4
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3 (range:0–6; p < 0.001), respectively. In the APPLEfast 
model, survivors had a median score of 20 (range:0–35), 
whereas non-survivors had a score of 21.5 (range:9–38) 
(p = 0.018). In the qSOFA-lactate model, survivors had 
a median score of 1 (range:0–4), whereas non-survivors 
had a score of 2 (range:0–4) (p < 0.001). Finally, for the 
qSOFA-CRP model, survivors had a median score of 2 
(range:0–4), and non-survivors had a score of 3 (range:0–
4) (p < 0.001) (Table 3).

ROC curve analysis was conducted to compare the area 
under the ROC (AUROC) and to identify the threshold 
scores for each scoring system. (Fig. 2). Using this thresh-
old score, our study found that the conventional scor-
ing systems, qSOFA (AUROC 0.65, 95% CI 0.55–0.73) 
and APPLEfast (AUROC 0.61, 95% CI 0.52–0.70), as 
well as the modified qSOFA scoring systems, qSOFA-
CRP (AUROC 0.76, 95% CI 0.68–0.83), qSOFA-lactate 
(AUROC 0.70, 95% CI 0.61–0.77), and qSIRS models 

(AUROC 0.67, 95% CI 0.58–0.75), all had AUROC values 
greater than 0.5. This indicates that they have a signifi-
cant ability to predict patient mortality.

Based on the identified threshold scores, the sensitivity, 
specificity, positive and negative predictive values, and 
odds ratios for each scoring system were calculated and 
are presented in Table 4.

Additionally, logistic regression analysis was conducted 
regarding patient mortality prediction, considering age, 
weight, and each threshold score of qSOFA, APPLEfast, 
qSOFA-CRP, qSOFA-Lactate, and qSIRS scores. Over-
all, a predictive accuracy of 70.8% was confirmed (Hos-
mer–Lemeshow test, p = 0.536), and patient mortality 
was found to be associated with age (p = 0.004), qSIRS 
(p = 0.050), and qSOFA-CRP (p < 0.001) scores, with only 
age and qSOFA-CRP model being significant at a prob-
ability level of less than 0.05. Specifically, it was observed 
that patients with a qSOFA-CRP score of 2 or higher had 
a 9.834 times higher likelihood of mortality compared to 
those without.

Comparison of qSOFA and qSOFA‑CRP scores based 
on infection status
During the treatment period, dogs were classified into 
an infection group (84 dogs) and a non-infection group 
(77 dogs) based on antibiotic usage. To evaluate the util-
ity of the scoring system based on infection status using 
ROC curve analysis, the prognosis was assessed for 
qSOFA and qSOFA-CRP scores ≥ 2 in both groups. In the 
infection group, AUROC was 0.65 (95% CI: 0.54–0.75) 
for qSOFA ≥ 2 and 0.69 (95% CI: 0.61–0.76) for qSOFA-
CRP ≥ 2 (Fig.  3a). In the non-infection group, AUROC 
was 0.60 (95% CI: 0.49–0.71) for qSOFA ≥ 2 and 0.71 
(95% CI: 0.62–0.80) for qSOFA-CRP ≥ 2 (Fig. 3b).

Discussion
To our knowledge, the present study is the first investi-
gation in veterinary medicine aimed at improving the 
qSOFA scoring system by introducing new criteria, such 
as CRP, lactate, and SIRS. By comparing these modifica-
tions with the conventional qSOFA, SIRS, and APPLEfast 
scoring systems, we aimed to identify a more appropri-
ate scoring system for triaging emergency and critically 
ill veterinary patients.

The qSOFA scoring system was originally designed 
for sepsis diagnosis; however, in human medicine stud-
ies, it has demonstrated some potential for predicting 
prognosis and assisting in patient triage, even in cases 
where infection is not confirmed [13, 14]. In this study, 
ROC curve analysis indicated that qSOFA alone may 
not be sufficient as an independent prognostic marker, 
with AUROC values of 0.65 (95% CI: 0.54–0.75) in the 
infection group and 0.60 (95% CI: 0.49–0.71) in the 

Table 2 Patients’ characteristics and comparison of physical and 
laboratory findings between survivors and non-survivors, with 
mean ± SD or median (range) calculations

BW Body weight, IF Intact female, SF Sprayed female, IM Intact male, CM 
Castrated male, SBP Systolic blood pressure (mmHg), HR Heart rate (bpm), RR 
Respiratory rate (/min), BT Body temperature (℃), MGCS Modified Glasgow coma 
scale, WBC White blood cell (K/uL), PLT Platelet (K/uL); Glucose (mg/dL); Albumin 
(g/dL); Lactate (mmol/L); CRP: C-reactive protein (mg/dL)
* p < 0.05, indicating a statistically significant difference between survivors and 
non-survivors

Variables Survivors Non‑survivors p value
(n = 95) (n = 66)

Patients’ characteristics

Age (years) 9 (1–18) 12 (1–23) 0.528

BW (kg) 4.91 (1.68–46.80) 4.85 (1.10–49.70) 0.218

Sex (IF/SF/IM/CM) 13/33/6/43 9/28/5/24 -

Top 3 Breed -

Maltese, n (%) 16 (16.8) 12 (18.1)

Toy poodle, n (%) 13 (13.6) 12 (18.1)

Pomeranian, n (%) 11 (11.5) 8 (12.1)

Hospitalization period 
(days)

3 (0–9) 2 (0–19) 0.016*

Physical examination and Laboratory results

SBP 140.82 ± 22.25 131.00 ± 29.60 0.030*

HR 141.14 ± 30.06 150.62 ± 30.21 0.046*

RR 42 (15–240) 36 (12–222) 0.087

BT 38.72 ± 0.68 38.53 ± 0.93 0.027*

MGCS 0 (0–1) 1 (0–1)  < 0.001*

WBC 13.4 (4.92–125.38) 16.0 (0.90–151.75) 0.082

PLT 332.42 ± 227.95 307.00 ± 208.65 0.615

Glucose 115 (66–524) 111 (42–300) 0.217

Albumin 3.1 (1.5–4.1) 2.85 (1.5–3.8) 0.031*

Lactate 2.57 (0.79–10.82) 2.85 (0.79–7.74) 0.108

CRP 1.3 (0.10–10.00) 3.55 (0.60–10.00)  < 0.001*
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non-infection group. However, the qSOFA-CRP model 
demonstrated higher AUROC values, with 0.69 (95% 
CI: 0.61–0.76) in the infection group and 0.71 (95% 

CI: 0.62–0.80) in the non-infection group. These find-
ings suggest that the qSOFA-CRP model could serve as 
a novel tool for initial triage across a broader range of 
patients, regardless of infection status; however, further 
validation in a larger population is required.

Inflammatory response in the body is initiated by path-
ogen-associated molecular patterns (PAMPs) derived 
from invading pathogens or damage-associated molecu-
lar patterns (DAMPs) released from injured cells [30]. 
Induced by these factors, CRP is an acute-phase protein 
that typically begins to rise 4–6 h after the trigger, reach-
ing its peak 24–48 h later. Therefore, it is used as an early 
biomarker for systemic inflammation [31–33].

In human studies, combining CRP level evaluation 
with qSOFA can more effectively diagnose patients than 
qSOFA alone [22, 23]. However, in veterinary medicine, 
no research has been conducted on qSOFA-CRP mod-
els. In the present study, we established a CRP thresh-
old > 1.55 mg/dL based on patient outcomes using ROC 

Fig. 1 Receiver operator characteristic curve of C-reactive protein. Analysis of the receiver-operating characteristics was conducted to identify 
the optimal cut-off value in the qSOFA-CRP model. The maximum Youden’s index was observed at CRP > 1.55 mg/dL, confirming a sensitivity of 88% 
and specificity of 58%.; ROC, receiver operating characteristic curve

Table 3 Comparison of scoring systems between survivor and 
non-survivor groups

Medians are compared using the Mann–Whitney U test
* p < 0.05, indicating a statistically significant difference between survivors and 
non-survivors

Variables Survivors Non‑survivors p‑value
(n = 95) (n = 66)

qSOFA 1 (0–3) 2 (0–3)  < 0.001*

SIRS 1 (0–4) 1 (0–4) 0.460

qSIRS 2 (0–5) 3 (0–6)  < 0.001*

APPLEfast 20 (0–35) 21.5 (9–38) 0.018*

qSOFA-lactate 1 (0–4) 2 (0–4)  < 0.001*

qSOFA-CRP 2 (0–4) 3 (0–4)  < 0.001*
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curves to incorporate CRP as a new criterion. In com-
parison to conventional scoring systems (SIRS, qSOFA, 
APPLEfast), the qSOFA-CRP approach demonstrated the 
highest sensitivity and largest AUROC. This confirmed 
its significance as a criterion for triaging critical emer-
gency patients, revealing a higher OR than qSOFA alone. 
Thus, the modified qSOFA model enhances the ability to 
identify emergency patients while improving prognostic 
capabilities.

Previous studies has investigated lactate as an indi-
cator of shock, hypoxemia, and hypoperfusion and 
focused on elevated lactate levels and the association 

between lactate normalization time and mortality [34]. 
In both humans and animals, the use of lactate as a 
new criterion in the modified qSOFA scoring systems 
has been explored [20, 21, 27]. In a study with animals 
conducted by Ortolani et al., qSOFA alone did not sig-
nificantly distinguish between survivors and non-sur-
vivors (p = 0.200). However, when lactate > 3 mmol/L 
was applied as a new criterion, it yielded the highest 
AUROC value (0.62, 95% CI 0.53–0.70). This finding 
underscores the significance of incorporating lactate 
level as an additional criterion in the modified qSOFA 
scoring system.

Fig. 2 Receiver operator characteristic curve of SIRS, qSOFA, qSIRS, APPLEfast, qSOFA-lactate, qSOFA-CRP model. The individual area 
under the receiver operating characteristic curve (AUROC) values are as follows: SIRS (AUROC 0.53, 95% CI 0.44–0.62), qSOFA (AUROC 0.65, 95% 
CI 0.55–0.73), APPLEfast (AUROC 0.61, 95% CI 0.52–0.70), qSIRS (AUROC 0.67, 95% CI 0.52–0.75),qSOFA-lactate (AUROC 0.70, 95% CI 0.61–0.77), 
and qSOFA-CRP (AUROC 0.76, 95% CI 0.68–0.83).; ROC, receiver operating characteristic curve; SIRS, systemic inflammatory response syndrome; 
qSOFA, quick sequential organ failure score; qSIRS, SIRS + qSOFA;  APPLEfast, acute patient physiologic and laboratory evaluation score; qSOFA-lactate, 
modified qSOFA with lactate criteria added; qSOFA-CRP, modified qSOFA with CRP criteria added; CRP, C-reactive protein

Table 4 Contingency tables showing the sensitivity, specificity, positive and negative predictive values and odds ratios for mortality 
prediction

PPV Positive predictive value, NPV Negative predictive value, OR Odds ratio

Score Sensitivity (%) Specificity (%) PPV (%) NPV (%) OR p value

qSOFA-CRP≥ 2 94 (95% CI 86–98) 46 (95% CI 41–49) 55 (95% CI 50–57) 92 (95% CI 81–97) 13.4  < 0.001

qSOFA-lac≥ 2 80 (95% CI 71–98) 54 (95% CI 47–59) 54 (95% CI 48–60) 80 (95% CI 70–88) 4.7  < 0.001

qSIRS≥ 2 92 (95% CI 84–97) 27 (95% CI 22–31) 47 (95% CI 43–49) 84 (95% CI 67–94) 4.6 0.002

qSOFA≥ 2 59 (95% CI 49–68) 66 (95% CI 59–73) 55 (95% CI 46–64) 70 (95% CI 63–77) 2.8 0.001

APPLEfast≥ 25 41 (95% CI 32–49) 80 (95% CI 74–86) 59 (95% CI 46–71) 66 (95% CI 61–71) 2.8 0.004
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In our study, based on previous research findings, a lac-
tate level of > 3 mmol/L was used as the cutoff value [27]. 
Using the qSOFA-lactate model for patient triage and 
prognosis assessment, we observed a significantly higher 
AUROC value (0.695, 95% CI 0.61–0.77) than conven-
tional scoring systems, making it the second-highest 
AUROC value following the qSOFA–CRP model.

Although some studies have suggested that lactate level 
is more significant than CRP level in evaluating the prog-
nosis of patients with sepsis [35, 36], our results indicated 
that the qSOFA-CRP model is a more sensitive indicator 
for triaging emergency and critically ill patients. This is 
because lactate tends to have higher concentrations as 
the disease progresses to severe sepsis or septic shock 
than the initial stages. Unlike CRP, which increases in 
concentration during the early inflammatory response to 
sepsis [37–39], lactate levels increase as a consequence of 
hypoxia due to reduced blood pressure and tissue perfu-
sion that accompanies sepsis [40]. Therefore, although 
hyperlactatemia may be more significant in assessing 
patient outcomes, our results suggest that the qSOFA-
CRP model is a superior scoring system for distinguish-
ing early sepsis and triaging emergencies in critically ill 
patients.

We also observed that the qSIRS score had a higher 
AUROC value than qSOFA alone. However, when com-
paring ORs, qSIRS exhibited a lower predictive ability 
for patient outcomes than the qSOFA-CRP and qSOFA-
lactate models. The SIRS was composed of four criteria: 
respiratory rate, white blood cell count, heart rate, and 

temperature. These criteria are characteristic features 
of infections; hence, most of the infected patients met 
the SIRS criteria, leading to the diagnosis of sepsis even 
in patients with less severe infections. This characteris-
tic of SIRS results in low specificity for sepsis diagnosis 
[9–11, 29]. In contrast, qSOFA assesses both mentation 
and systolic blood pressure, allowing for a better reflec-
tion of sepsis-induced life-threatening organ dysfunction 
than SIRS [41]. However, qSOFA also has low specificity. 
To address these limitations and complement each other, 
research in humans has explored the "qSIRS" scoring sys-
tem, which combines SIRS and qSOFA [24].

In our study, qSIRS demonstrated a larger AUROC 
value and higher OR than qSOFA alone, indicating an 
improved predictability for patient outcomes. However, 
similar to the limitations associated with SIRS, it exhib-
ited the lowest specificity among conventional scoring 
systems and the modified qSOFA model. Therefore, its 
utility could be lower than that of other modified qSOFA 
models (qSOFA-CRP and qSOFA-lactate models).

The APPLEfast scoring system demonstrated the high-
est specificity of 80%. Although the modified qSOFA 
model aimed to address the limitations of the original 
qSOFA by incorporating new criteria, it relied predomi-
nantly on physical examinations. Consequently, it is per-
ceived to have lower specificity than APPLEfast, which 
primarily employs laboratory test results. Thus, although 
the modified qSOFA model may be valuable for the rapid 
initial triage of emergency and critically ill patients at the 
time of admission, an additional laboratory test remains 

Fig. 3 Receiver Operating Characteristic Curve of qSOFA and qSOFA-CRP Models Based on Infection Status. a. Area under the receiver operating 
characteristic curve(AUROC) values for qSOFA and qSOFA-CRP scores ≥ 2 in the infection group: qSOFA (0.65, 95% CI 0.54–0.75) and qSOFA-CRP 
(0.69, 95% CI 0.61–0.76). b. AUROC values for qSOFA and qSOFA-CRP scores ≥ 2 in the non-infection group: qSOFA (0.60, 95% CI 0.49–0.71) 
and qSOFA-CRP (0.71, 95% CI 0.62–0.80).; ROC, receiver operating characteristic curve; qSOFA, quick sequential organ failure score; qSOFA-CRP, 
modified qSOFA with CRP criteria added; CRP, C-reactive protein
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essential for a more accurate assessment of a patient’s 
condition and prognosis.

This study is limited to a single-center with a rela-
tively small patient cohort, which could impact the 
predictive accuracy of the indices and models. Further 
validation of these models is essential through prospec-
tive studies involving a larger and more diverse patient 
population. Furthermore, since the evaluation of the 
qSOFA-CRP model was conducted within the same 
population used to determine its cut-off value, there is a 
possibility that it exhibited a higher AUROC compared 
to other scoring systems. Therefore, additional valida-
tion in an independent external population is necessary 
to more definitively assess its clinical utility.

The scoring was conducted based on lactate and CRP 
levels at the time of initial hospital admission, represent-
ing a single snapshot. Owing to the characteristics of a 
referral hospital, a significant proportion of the patients 
had received initial treatment elsewhere before admis-
sion. Therefore, it was challenging to determine whether 
the time of hospital admission reflects the actual onset 
of the disease, improvement phase, or advanced stage. 
Consequently, further investigations are needed to assess 
the clinical advantages of the modified qSOFA model for 
identifying patients in the early stages of sepsis.

Conclusion
Modified qSOFA models, including qSOFA-CRP, 
qSOFA-lactate, and qSIRS, predicted patient mortal-
ity significantly better than the conventional systems 
(SIRS, qSOFA, and APPLEfast) alone. Notably, the 
qSOFA-CRP model (CRP > 1.55 mg/dL) was identified 
as superior among all scoring systems, suggesting its 
potential for use as a new criterion for the triage and 
classification of emergency and critical patients. For 
additional validation of this scoring system, further 
studies involving a substantial number of patients in 
the true early stages of sepsis are required.
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