
 

016

Citation: Gill HS, Nguyen PH, English JM, Fay KA, Yin MPAS EF, et al. (2023) Serial measurements of SIRS criteria to identify unique phenotypes of sepsis: A 
Microbiologic Approach. Glob J Infect Dis Clin Res 9(1): 016-024. DOI: https://doi.org/10.17352/2455-5363.000057

https://dx.doi.org/10.17352/gjidcrDOI: 2455-5363ISSN: 

C
L

IN
IC

A
L

 G
R

O
U

P

Abstract

Introduction: The utility of serial scoring systems in identifying distinct sepsis phenotypes remains unknown.

Methods: Eligible adults were classifi ed into culture-positive (Cx+) and culture-negative (Cx-) groups alongside pre-defi ned culture subgroups. Average SIRS & SEP 
(novel scoring system) scores were calculated at t = 0 and hours 3,6,12 & 24 before and after t = 0. The primary outcome was a difference in SIRS/SEP scores amongst 
those that were Cx+ or Cx- at any time point. Secondary outcomes were comparing total and component SIRS/SEP scores in microbiologic subgroups over serial time 
points. 

Results: 4,701 Cx+ and 3254 Cx- patients met eligibility criteria. Statistically signifi cant differences were seen in the average SIRS score between Cx + and Cx- groups 
at hours six (Cx+ 1.40+1.04 vs Cx- 1.35+1.01) & 12 (Cx+ 0.95+0.95 vs Cx- 0.90+0.90) after t = 0. The hematologic, urologic, and neurologic subgroups had signifi cant 
differences at numerous time points before and after T = 0. Similar fi ndings were observed with the SEP scores. Cx+ and Cx- groups (including subgroups) consistently 
doubled both SIRS/SEP scores before t = 0 with an eventual return to baseline values after T = 0 but at different gradients. 

Conclusion: Signifi cant differences in SIRS/SEP scores were seen in Cx+ & Cx- patients at sequential time points. This microbiologic approach in homogenous culture 
cohorts has the potential to identify distinct phenotypes of sepsis effi  ciently and practically. Consistent increases in SIRS/SEP scores before t = 0 and sequential decreases 
after t = 0 may allow for early detection, intervention, and provision for real-time monitoring of therapeutic responses in patients with concerns for sepsis.
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Introduction

Sepsis and septic shock continue to be a signifi cant cause of 
in-hospital mortality [1,2]. The lack of a clear gold standard for 
the diagnosis of sepsis [3,4], nor a clearly identifi able syndrome 
initiation time, T = 0, remain major barriers to successful 
diagnosis and create delays in treatment initiation [5,6]. Over 
time, different diagnostic algorithms have been devised but 
every system has had its limitations [7-10]. Furthermore, most 
scoring systems look only at diagnostic variables at a single 
time point and not as a continuum seen in the clinical syndrome 
that typifi es sepsis. Recent studies indicate that serial clinical 
assessments not only have clear utility in prognostication 
[11,12] but also higher diagnostic accuracy over single-time 
point evaluations [13-17].

Seymour, et al. [18] have also recently described distinct 
clinical phenotypes of sepsis with clear implications for timely 
diagnosis and management. While their work was the fi rst of its 
kind, the use of sophisticated immunologic and infl ammatory 
biomarkers could make the routine bedside utilization of their 
approach challenging. 

Yet, many data points, including microbiologic data are 
readily available in the routine evaluation of patients with 
concerns for sepsis. In querying the relevant literature, it seems 
like an approach centered on positive or negative microbiology 
in those that triggered clinical concerns for sepsis to identify 
distinct phenotypes of sepsis has not been investigated. Thus, 
the primary objective of this study was to look at common 
scoring systems for suspected or confi rmed sepsis and identify 
differences in how culture-positive and negative sepsis 
cohorts behave at the time clinical concerns for sepsis are fi rst 
identifi ed and how those cohorts evolve over time.

Methods 

Study population

Patients aged≥18 who fi red our sepsis best practice advisory 
(BPA) between 2015-20 were included in this retrospective 

analysis. Our sepsis BPA used the Systemic Infl ammatory 
Response Syndrome (SIRS) [19] scoring system & would fi re 
when a patient had a score of 2 or greater (Figure 1). Patients 
who did not have available culture data had missing data fi elds 
or those who had a sepsis BPA fi re while in the intensive care 
unit were excluded. Cultures consistent with contamination 
(per Infectious Disease Society of America - IDSA guidelines) 
were also excluded. 

Data collection & objectives

After inclusion and exclusion criteria were assessed, patients 
were separated by culture positivity. Patients were designated 
as being culture positive (Cx+) if any microbiologic specimen 
drawn after the sepsis BPA had fi red was consistent with a true 
positive. Similarly, a patient was designated as culture negative 
(Cx–) if their culture assays had no growth when considered 
fi nal by the microbiology lab OR had no microbiologic specimen 
consistent with a true positive result per IDSA guidelines 
mentioned above. The culture positive and negative groups 
were further divided into organ system cohorts (respiratory 
- RESP, musculoskeletal/skin - MSK, gastrointestinal - GI, 
genitourinary - URO, hematologic - heme, neurologic - neuro, 
Miscellaneous – MISC, and “other”). The hematologic group 
included patients who had bacteremia. The miscellaneous 
category included infected hardware such as joint prostheses 
or pacemaker leads. The other category refl ected patients with 
fungemia and/or viremia. 

Collected data points included microbiologic data as 
stated above, vital signs [Heart Rate (HR), Systolic Blood 
Pressure (SBP), Diastolic Blood Pressure (DBP), Temperature 
(T), Respiratory Rate (RR)], and lab values [white blood cell 
count (WBC), lactate]. To further amplify vital signs and lab 
differences, a novel scoring system called the SEP was created. 
The rubric for this SEP score and point allocation is also 
described in Figure 1. Average hospital Length of Stay (LOS), 
days from admission to BPA fi re, and days from BPA fi re to 
discharge were also calculated for all subgroups.

Figure 1: Parameters are used to determine the SIRS and SEP score and their corresponding point allocations. Flow Diagram showing patients as they were screened across 
inclusion and exclusion criteria.
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Once all patients were divided into Cx+ & Cx- cohorts, 
the average SIRS & SEP scores were calculated at the time the 
BPA fi red (defi ned as T = 0). Average SIRS & SEP scores were 
subsequently calculated in each individual culture subgroup. 
This analysis of average SIRS & SEP score that was initially 
done at the time of the BPA fi re was then repeated at 24, 12, 
6, and 3 hours before the BPA fi red; and 3, 6, 12, and 24 hours 
after the BPA fi red for all cohorts. Lastly and only within each 
culture subtype, the components of HR, SBP, DBP, T, RR, 
lactate, and WBC were analyzed for their progression over the 
various time points. 

The primary objective of the study was to identify 
differences in SIRS/SEP scores amongst those that were Cx+ 
or Cx- at any time point. Secondary outcomes were comparing 
total and component SIRS/SEP scores over consecutive time 
points. The null hypothesis was that there would be no 
signifi cant differences in average SIRS/SEP scores between the 
Cx + & Cx – cohorts at the varying time points and in different 
culture subgroups.

Statistics

Average in-hospital mortality as well as in-hospital 
mortality plus discharge to hospice for each subgroup was 
calculated and compared using a Chi-squared test. Average 
SIRS/SEP scores, as well as component vital signs and lab 
values, were calculated and compared using a two-sample 
t-test for all time points. A p - value <0.05 was deemed 
statistically signifi cant. Analysis was performed using Stata/IC 
(College Station, TX: StataCorp LLC). This study was approved 
by the Dartmouth Hitchcock Institutional Review Board. The 
IRB and ethics board approval number is STUDY02001065. All 
data were obtained under an informed consent waiver and were 
de-identifi ed.

Results

Of the 12,101 patients who met inclusion criteria, 4,146 
patients were excluded due to lack of culture data, with a total 
of 7,955 patients included in the fi nal analysis (Figure 1 & 
Appendix A). In-hospital mortality (IHM) and IHM alongside 
new discharge to hospice as a composite and for all culture 
subgroups are shown in Table 1 and Appendix B, C. Length of 
Stay (LOS), days from admission to BPA fi re, and days from 
BPA fi re to discharge can be found in Appendix D, E, and F 

respectively. Average in-hospital mortality, LOS, new discharge 
to hospice, and days from BPA fi re to discharge values were 
all higher & statistically signifi cant for Cx + patients in all 
composite and many subgroup analyses. 

The average SIRS and SEP scores at the time of the BPA fi re 
were 2.19 + 1.12 and 3.57 + 1.85 respectively for all Cx + patients, 
and 2.22 + 1.14 and 3.57 + 1.81 respectively for all Cx - patients. 
Average SIRS/SEP scores as a composite for all subgroups at 
the time of BPA fi re (T = 0) are shown in Figure 2. Average 
SIRS/SEP scores over time for all Cx+/Cx - patients are seen in 
Figure 3. SIRS and SEP scores over time based on the system 
of infection are found in Figure 4 and Figure 5 respectively. 
Individual components (such as RR, T, etc.) that formed the 
SIRS/SEP score in each culture subtype were also analyzed for 
progression over time and results are shown in Appendix G&H. 
When looking at heterogeneous composite groups (all Cx+ & Cx 
-), there were no statistically signifi cant differences. Yet, many 
homogenous subgroups (heme, uro, neuro) and individual 
components were statistically signifi cant in their differences 
between Cx + and Cx – cohorts at numerous and sequential 
time points.

Discussion

This single-center retrospective study looked at culture-
positive (Cx+) and culture-negative (Cx -) patients with 
presumed sepsis to further identify and classify sepsis 
phenotypes. We used SIRS as well as a novel scoring system, 
SEP, in Cx+/Cx – patients in a serial fashion. We found a 
statistically signifi cant difference in mortality, LOS, days from 
admission to BPA fi re, and days from BPA fi re to discharge 
between all Cx + and Cx - cohorts. Heterogeneous groups that 
combined all Cx + and all Cx - patients, showed no differences 
in their cumulative SIRS/SEP scores at T = 0. Yet, when more 
homogenous subgroups were analyzed at T = 0 and at serial 
time intervals before and after T = 0, statistically signifi cant 
differences were observed in many groups and time points. 
All cohorts showed a clear window of bioreactivity and a 
window of therapeutic responsivity on either side of T = 0. Cx + 
subgroups had higher SIRS & SEP scores before and after T = 0 
with some unique cohorts even reaching statistical signifi cance 
for individual component variables such as respiratory rate 
and temperature. As far as we are aware, this is the fi rst study 
comparing serial SIRS/SEP scores between Cx + and Cx - cohorts 
with a specifi c focus on addressing intrinsic heterogeneity via 

Table 1: Tabulated in-hospital mortality (IHM) and IHM with new discharge to hospice level of care for all Cx + & Cx - subgroups. The chi-squared value is reported in the 
following manner: (degrees of freedom, total number of patients included) = Chi-squared value, p - value.

System Cx + Mortality Cx - Mortality Chi-Squared Value Cx + Mort/ Hospice Cx - Mort/ Hospice Chi-Squared Value

Respiratory 21.29% 17.48% (1,1656) = 3.54, p = .06 22.54% 19.42% (1, 1656) = 2.52, p = .13

Musculoskeletal 10.84% 11.81% (1,579) = .09, p = .76 11.50% 12.60% (1,579) = .11, p = .74

Urologic/GU 12.02% 14.90% (1,3340) = 5.07, p = .024 14.08% 16.46% (1,3340) = 3.09, p = .08

Gastrointestinal 25.00% 8.19% (1,175) = 1.41, p = .24 25.00% 9.94% (1,175) = .96, p = .33

Neurologic 3.85% 15.25% (1,321) = 2.53, p = .11 3.85% 17.29% (1,321) = 3.18, p = .075

Hematologic 17.92% 12.65% (1,5342) = 24.39, p<.00001 19.62% 14.69% (1,5342) = 19.22, p = .000012

Other systems 13.05% 18.28% (1,1577) = 8.21, p = .004 14.32% 20.25% (1,1577) = 9.75, p = .002

Total 14.08% 10.48% X2(1,7946) = 22.62, p < .00001 16.14% 12.91% X2 (1,7946) = 15.94, p <.000065



019

https://www.peertechzpublications.org/journals/global-journal-of-infectious-diseases-and-clinical-research

Citation: Gill HS, Nguyen PH, English JM, Fay KA, Yin MPAS EF, et al. (2023) Serial measurements of SIRS criteria to identify unique phenotypes of sepsis: A 
Microbiologic Approach. Glob J Infect Dis Clin Res 9(1): 016-024. DOI: https://doi.org/10.17352/2455-5363.000057

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

All MSK Uro/GU GI Neuro Heme Misc Other Respiratory

Av
er

ag
e 

SI
RS

 S
co

re

T0 Average SIRS Score by Culture Type

Culture Posi ve Culture Neg ve

0

1

2

3

4

5

6

7

All MSK Uro/GU GI Neuro Heme Misc Other Respiratory

Av
er

ag
e 

SE
P 

Sc
or

e

T0 Average SEP Score by Culture Type

Culture Posi ve Culture Neg ve

* 

* * 

* * 

Figure 2: Averaged SIRS score and SEP score at the time of BPA fi re as a composite (All) and for each culture subgroup. Statistically signifi cant differences (p < 0.05) are 
demarcated by an asterisk. The X-axis represents specifi c microbiologic cohorts and the Y-axis represents specifi c microbiologic cohorts. 
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Figure 3: Average SIRS and SEP scores for all Cx + and Cx - patients over time. Statistically signifi cant differences (p < 0.05) are demarcated by an asterisk. The X-axis 
represents time and the Y-axis is absolute numerical value.
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culture subtypes and individual contributing components of 
the SIRS/SEP scores.

Sepsis and septic shock remain a clinical syndrome that has 
no clear and unanimously agreed upon gold standard for its 
defi nition or exact time of onset [20-26]. Over the years, many 
revisions to diagnostic scoring systems and management 
guidelines have been made. Unfortunately, no one approach 
has been shown to have clear diagnostic or management 
superiority [27,28]. In addition, many of the individual 
portions of the initially protocolized algorithms of early goal-
directed therapy have also been brought into question with 
regard to their practical utility and diagnostic accuracy [29-
34]. In general, a shift in management strategies has occurred 
from using one-time, static parameters such as serum lactates 
and central venous oxygen saturations to serial, dynamic, and 
real-time parameters such as change in serum lactates (delta 

lactates) or procalcitonin values [35-45]. Our study looked to 
assess the potential role of measuring cumulative sepsis scoring 
systems such as SIRS in a serial fashion and assess its impact in 
homogenous patient populations such as refi ned microbiologic 
cohorts to see if there were any meaningful clinical trends for 
earlier clinical detection and ongoing resuscitation. 

We found that in-hospital mortality, LOS, days from 
admission to BPA fi re, and days from BPA fi re to discharge values 
for composite analyses of all Cx + patients were signifi cantly 
higher when compared to Cx - patients. This pattern repeated 
itself in homogenous subgroups such as respiratory, MSK & 
heme for both LOS and days from fi re to discharge, with higher 
values for Cx + patients. Furthermore, component values such 
as average heart rates and serum lactates in our Cx + cohorts 
were comparable to those in the gamma and delta phenotypes 
(higher mortality, rates of shock, ICU admission, etc.) 

 

Figure 4: Average SIRS scores over time in Cx + and Cx – subgroups. Statistically signifi cant differences (p < 0.05) are demarcated by an asterisk. The X-axis represents 
time and the Y-axis is absolute numerical value.
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described by Seymour, et al. [18]. This pattern supports the 
hypothesis that despite the amount of heterogeneity, culture 
positivity could be an identifi er of important phenotypes of 
patients with sepsis owing to major mortality, morbidity, 
and patient-centered outcome differences. Furthermore, this 
microbiologic information is routinely collected in all patients 
being evaluated for sepsis. Thus, this approach allows the exact 
clinical tenets of precise therapy and improved care described 
by Seymour et al to be more achievable, practical, and realistic. 

No signifi cant differences in average SIRS/SEP scores were 
noted when the combined groups of all Cx + or all Cx - patients 
were analyzed at T = 0. Yet, even at T = 0, when relatively 
homogenous patients were studied in refi ned cohorts (heme, 
neuro, Uro/GU), there were numerous statistically signifi cant 
differences appreciated not only in the average SIRS/SEP scores 

but also in the individual components that formed the scores 
at T = 0. These fi ndings in the refi ned culture subgroups were 
again noted over serial time points and further highlighted 
the importance of addressing heterogeneity in the contiguous 
clinical syndrome that is sepsis [18]. Culture subtypes that did 
not show statistically signifi cant trends are likely secondary to 
the low power of those individual subgroups and likely suffer 
from major statistical fragility that should be addressed in 
larger multi-centered trials. 

Another unique aspect of this trial is using serial SIRS scores 
to better understand the evolution of patients with sepsis 
over time in the construct of culture positivity or negativity. 
Recent studies have demonstrated increased sensitivity of 
using serial vital sign changes compared to one-time vital 
signs for identifying sepsis [13,14,46]. Yet, to the best of our 

 

Figure 5: Average SEP scores over time for all Cx + and Cx – subgroups. Statistically signifi cant differences (p < 0.05) are demarcated by an asterisk. The X-axis represents 
time and the Y-axis is absolute numerical value.
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knowledge, no studies have used such serial assessments in 
the clinical paradigm of positive v/s negative microbiology. 
This approach may allow the sensitivity/specifi city inherent to 
a scoring system like SIRS to be compounded and potentially 
increase the predictive accuracy within a culture subtype 
to identify a more refi ned phenotype closer to true positive 
sepsis physiology. This is of particular importance as sepsis 
remains a clinical syndrome that lacks a true gold standard for 
diagnosis. While far from perfect and an individual patient’s 
physiologic derangements in our study may not be completely 
explained by sepsis alone, it stands within reason to consider 
that any patient who triggers two or more SIRS criteria AND 
has positive microbiology (as in our Cx+ cohorts) has some 
portion of their physiologic derangements attributable to true 
sepsis physiology.

All patients, regardless of microbiology, showed a clear 
window of bioreactivity, characterized by an increasing SIRS/
SEP score leading up to T = 0, and a window of therapeutic 
responsivity characterized by a decreasing SIRS/SEP score 
after T = 0, albeit with different gradients. These windows 
were also seen in subgroups (heme, resp, neuro, uro/GU) 
and had signifi cant differences in average SIRS/SEP scores 
between those that were Cx + and those that were Cx - at each 
individual and consecutive time points. These data suggest that 
these differences are less likely to be statistical anomalies and 
more likely due to underlying pathophysiological differences 
as they persist across different time points. These incremental 
increases in SIRS and SEP scores before T = 0 suggest a potential 
window for earlier detection and intervention of hitherto 
unidentifi ed patients with sepsis even with conventional 
scoring systems like SIRS. Meanwhile, the eventual reduction 
in SIRS and SEP scores may also suggest a potential measure 
by which response to therapies can be assessed in real-time. 
For instance, sustained higher SIRS/SEP scores after T = 0 may 
indicate to the treating clinician that the patient may eventually 
have positive microbiology and important patient-centered 
outcome differences such as higher rates of mortality, LOS, 
and new discharge to hospice compared to those with more 
rapid decrease of their SIRS/SEP score over time in response 
to therapies. Furthermore, both before and after T = 0, a delta 
in a particular SIRS or SEP score may have more of a value 
than an absolute SIRS or SEP cutoff for predicting patients 
with not only sepsis physiology but also sepsis physiology 
with eventually positive microbiology. This trend was true in 
multiple culture subtypes in our study when using the SIRS 
or SEP score and even in specifi c components that formed 
these scores. While not the focus or within the scope of our 
study, the specifi c component data could inform future work 
focused on deriving and validating an organ system-specifi c 
sepsis prediction tool or scoring system, for instance, patients 
with potential bacteremia as depicted by the heme group in 
our study. 

In this study, we also described a novel clinical score 
criteria named the SEP score. This score was designed to 
better account for the severity of disturbances (for example, 
difference in heart rate) and amplify differences in specifi c 
subgroups. Though this study was not designed to compare the 

SIRS and SEP criteria, the data in Figures 2,3 are suggestive 
that the SEP score has internal validity when compared to SIRS 
and is able to amplify scoring differences when compared to 
the SIRS score. Further studies should be done to evaluate the 
clinical utility of the SEP score. 

Limitations

The study had several limitations. First, this was a single-
center, retrospective study. Some of the subgroups were 
underpowered with small sample sizes, and further studies 
with larger sample sizes may differ signifi cantly in results. 
It is worth mentioning that we were looking at patients 
with presumed sepsis, and some patients likely had sepsis-
like physiology (sepsis mimics) or sepsis mixed with other 
physiologic states such as myocardial dysfunction. While this 
study did not account for this confounder, the lack of a clinical 
gold standard for the true defi nition of this syndrome may not 
make this a feasible goal.

Conclusion

This study showed signifi cant differences in SIRS/SEP 
scores in patients with positive and negative microbiology 
at serial time points. This points to culture positivity and 
negativity being an effective paradigm in identifying distinct 
clinical phenotypes of sepsis. Important culture subgroups 
were identifi ed and a clear increase in SIRS score (window of 
bioreactivity) before T = 0 and a subsequent decrease in scores 
after T = 0 (window of therapeutic responsivity) was also noted. 
These fi ndings of using SIRS criteria in a serial fashion suggest 
potential utilities in early detection, intervention, and a real-
time provision for monitoring response to therapeutics in each 
phenotype. Future research should continue to investigate 
readily available methods of classifying and identifying 
different septic phenotypes and their response to various 
treatments. 
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