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ABSTRACT

Background: Polymerase chain reaction (PCR) testing amplifies a specific DNA segment
through heat cycling to identify pathogens for the diagnosis of infection. This testing allows
for rapid detection of pathogens, before conventional blood culture results become available.
The high mortality associated with severe sepsis and septic shock stresses the importance of
early diagnosis and initiation of early antibiotic therapy. This study analyzed the association of
the sepsis PCR results and antibiotic management, length of stay, and mortality outcomes in
a medical intensive care unit (MICU).

Methods: This study is a retrospective, cross-sectional study on patients diagnosed with
severe sepsis and septic shock based on ICD-10 codes, aged 18 years and older, admitted
to the MICU at University Medical Center, Lubbock, Texas, between December 2016 to
December 2020.

Results: Clinical information from 268 patients with the diagnosis of sepsis or septic
shock was collected and analyzed. The mean age was 60.9 + 15.6 years with a predominance
of men (144, 563.7%) and Caucasian race (193,73.4%). A total of 101 patients (37.6%) had
positive PCR results; overall, PCR test results had a diagnostic sensitivity of 91.2 %. The
concordance between positive blood culture and positive PCR was 93.3 % (p < .0001). There
was a significant correlation between PCR positivity and increased serum lactate levels (p =
0.03), changes in antibiotics (P < 0.00010), and increased mortality rate (p = 0.04). There was
no significant correlation between PCR positivity and length of stay (p = 0.84).

Conclusion: In this study, PCR testing was an accurate tool for early identification of
bacterial pathogens. A positive PCR was associated with higher serum lactate levels, higher
mortality rates, and an increased frequency of antibiotic changes but was not associated with
shorter ICU length of stay.
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INTRODUCTION

Sepsis continues to represent an important dis-
order in intensive care medicine given its healthcare
burden and associated high mortality rates.! Prompt
and accurate diagnosis of sepsis is crucial to improve
survival. Therefore, several guidelines have been
updated in recent years to better define this term. The
Third International Consensus Definition for Sepsis
and Septic Shock or Sepsis 3 revised and updated
sepsis and septic shock definitions in 2016.2 Severe
sepsis is defined as sepsis with organ dysfunction.
Organ dysfunction can be measured using the
Sequential Organ Failure Assessment or SOFA score
and is defined by an acute change of 2 points or more.
Severe sepsis is associated with a hospital mortality
greater than 10%. Septic shock is the progression of
severe sepsis in which organ dysfunction remains
despite fluid resuscitation. It is defined as having a
vasopressor requirement to keep mean arterial pres-
sure higher than 65 mmHg and having a serum lactic
acid level greater than 2 mmol/L in the absence of
hypovolemia. Septic shock is associated with hospital
mortality greater than 40%.2

Currently, the gold standard for diagnosis of infec-
tion is a blood culture.®> However, not all pathogens
are detected by blood cultures, and their value as the
gold standard has been questioned with the develop-
ment of new molecular techniques, such as polymer-
ase chain reaction (PCR) testing, which can identify
non-viable bacteria and non-culturable bacteria not
identified on routine laboratory cultures.* These tests
amplify specific DNA segments through heat cycling
to identify pathogens for the diagnosis of infection.
Detection rates of both PCR and culture have been
reported to be significantly higher than either method
alone.>® In studies comparing PCR-based diagnos-
tics with conventional blood cultures, more pathogens
were detected by PCR techniques.>>® In addition,
PCR allows for rapid detection of slow-growing path-
ogens and can provide results in 6 hours vs. 48 hours
with blood cultures.®

The high mortality associated with severe sepsis
and septic shock stresses the importance of early
diagnosis and initiation of early goal directed therapy.

Therefore, we analyzed the diagnostic utility of the
sepsis PCR and its association with antibiotic man-
agement, length of stay, and mortality outcomes in a
medical intensive care unit (MICU).

METHODS

This study is a retrospective, cross-sectional study
of patients aged 18 years and older, admitted to the
MICU at University Medical Center in Lubbock, Texas,
between December 2016 to December 2020. The inclu-
sion criteria required a diagnosis of severe sepsis or
septic shock based on ICD-10 code R65.20 for severe
sepsis without septic shock and the ICD- 10 code R65.21
for severe sepsis with septic shock. Patients younger
than 18 years and older than 89 years and patients with
other sources of shock were excluded. This study was
approved by the Institutional Review Board (L19-101)
at Texas Tech University Health Sciences Center in
Lubbock, Texas.

Demographic covariates of gender, race, and age
were collected. Gender and race were defined as cat-
egorical variables with values for male and female,
and values for Caucasian, African American, Hispanic,
Asian, and other, respectively. Age was measured as
a continuous variable in years. An additional severe
sepsis-related continuous covariate was the serum
lactate levels in mmol/L. The primary outcome was
to determine the percent positive sepsis PCR tests
reported with positive blood cultures. Secondary out-
comes included determining the association between
positive sepsis PCRs tests and mortality and MICU
length of stay. For primary outcome variables, sepsis
PCR status and blood culture status were analyzed as
categorical variables with values of yes/no, in which a
“no” result indicates that no PCR or no blood culture
was done. The secondary outcomes of mortality and
change in antibiotics were evaluated as categorical
variables (yes/no), while length of stay in the MICU
and time to antibiotic change were measured as
numerical variables in days and hours, respectively.

GenMark® molecular rapid diagnostic technology
(GenMark Diagnostics, Inc, Carlsbad, CA) was used
for identifying bloodstream infections in this study.
This system detects and identifies Gram-positive,
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Gram-negative, and fungal organisms using individ-
ual panels for the identification of each subgroup of
microbial pathogens; this technology can also identify
some antibiotic resistance genes.” Gram staining is
performed after a blood culture bottle is flagged posi-
tive by the production of CO, during incubation. Then,
the appropriate panel is selected based on the Gram
stain results of the detected organisms. The reported
timeframe for organism identification using this tech-
nology is 90 minutes after the blood culture flags
positive. In a meta-analysis of 31 studies and 5,920
patients, the use of molecular rapid diagnostic tech-
nology was significantly associated with a decrease of
mortality risk in the presence of an antibiotic steward-
ship program (odds ratio: 0.64; 95% ClI: 0.51-0.79).
In our study, only patients with a diagnosis of sepsis
or septic shock with a positive blood culture had a
subsequent PCR test done.

StATISTICAL ANALYSIS

All analyses were conducted in SAS 9.4 version
(SAS Institute Inc, 2016) for Windows. The distribu-
tions of covariates in the dataset were reported as
means (standard deviations) for continuous covar-
iates and frequencies (percentages) for categori-
cal covariates. Differences in covariates between
patients with a positive PCR result and with a no PCR
testing, were compared with independent t-tests or
Wilcoxon rank sum tests for continuous variable
analysis and Chi-square or Fisher’'s exact test for
categorical variable analysis. P values < 0.05 were
considered statistically significant. Pearson’s corre-
lation analysis was used to assess any relationship
between PCR status and blood cultures and between
PCR status with the secondary outcomes of LOS,
lactate level, mortality rate, and change of antibiotics.
In the Results section, a negative PCR means that
no PCR test was done.

REsuLTS

A total of 346 patients aged 18 years or older with
a diagnosis of severe sepsis or septic shock based
on ICD-10 codes were eligible for analysis. After

TOTAL POPULATION
N= 346

AFTER INCOMPLETE EXCLUDED
DATA REMOVED n =51

Missing blood culture

n=295 bacterial typing
AFTER DUPLICATES DUPLICATES
REMOVED n=27

n= 268 Duplicates by ID

Figure 1. Analytic sample.

removing patients with incomplete information and
duplicates, the total analytic sample included 268
patients (Figure 1).

The mean age was 60.9 £15.6 years with a predom-
inance of male gender (144, 53.7%) and Caucasian
race (196, 73.4%), followed by African American race
(32, 12%), and Hispanic race (31, 11.6%) (Table 1).
According to sepsis subtype, 38 patients (14.2%) had
severe sepsis without septic shock, and 230 patients
(85.8%) had severe sepsis with septic shock. Among
the 268 patients with diagnoses based on ICD-10
codes, 101 patients (37.7%) had positive PCR results,
and 114 patients (42.5%) had positive blood culture
results (Table 2).

Compared to no PCR results, positive PCR test
results were significantly associated with more fre-
quent antibiotic changes (64 changes [64.0%] vs. 62
changes [36.9%], P <.0001) and higher lactate levels
(3.51 mmol/L vs. 3.28 mmol/L, P = 0.03). Compared
to patients with no PCR testing, patients with posi-
tive PCR tests had a significantly higher mortality
(41 deaths [41.0%] vs. 48 deaths [28.6%], p = 0.04).
However, there was no significant difference between
PCR status and length of stay (p = 0.84) or start time
for antibiotic administration (p = 0.32) (Table 2).

Compared to having a negative PCR status, the
most common site of infection in patients with positive
PCR was bloodstream (9, 9%) and combined infec-
tion sites (76, 76%); patients with no PCR test results
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Table 1. Characteristics of Study Patients

Analytic Sample
Variable n =268
Age, years, mean (SD) 60.9 (15.6)
Race, # (%)
Caucasian 196 (73.4)
African American 32 (12.0)
Hispanic 31(11.6)
Other 8(3.0)
Gender, male, # (%) 144 (53.7)
Severe sepsis, # (%)
No septic shock 38 (14.1)
Septic shock 230 (85.8)
PCR, yes, # (%) 101 (37.6)
Time to antibiotic, hours, 4.3 (9.9)
mean (SD)
Change in antibiotic yes, # (%) 126 (47.0)
Serum lactate level, mmol/L, 3.3(3.0)
mean (SD)
LOS*, days, mean (SD) 6.3 (6.0)
Mortality, # (%) 89 (33.2)
Blood culture, yes, # (%) 114 (42.5)
Infection sites, total (%)
Blood 12 (4.5)
Pulmonary 55 (20.6)
Urinary 38 (14.2)
Abdominal 16 (6.0)
Meningitis 3(1.1)
Joint 4 (1.50)
Other 28 (10.5)
Multiple 111 (41.6)

*LOS-length of stay.

had more pulmonary infections (50, 29.9%), followed
by combined infection sites (35, 21.0%), and urinary
infections (34, 20.4%). The most frequent combined
sites of infection in patients with a positive PCR test
result were blood and urinary (29%) followed by blood
and pulmonary (9%) (Figure 2).

Patients with septic shock (230) had a 36.5%
mortality rate; patients with severe sepsis (38) had a
13.2% mortality rate (P = 0.005) (Table 3). The diag-
nosis of septic shock was associated with a shorter
time to the start of antibiotics of 4.2 + 9.4 hours in
comparison to 5.3 = 12.3 hours for the diagnosis of
severe sepsis (P = 0.02).

Overall, PCR status had a diagnostic sensitivity
of 91.2%. Specificity could not be calculated with this
data set since blood cultures with no growth would not
have PCR tests run. The Pearson correlation between
positive blood culture and positive PCR was 92.6%
(P <.0001). Of 114 patients with positive PCRs, 85
patients (74.6%) had matching organisms in their
blood cultures, and 29 patients (25.4%) had discord-
ant results. Of the 29 patients with discordant results,
19 patients had different bacteria identified by PCR
tests compared to blood cultures, and 10 had bacteria
identified by blood culture but not by PCR, possibly
explained by bacteria not on the PCR panel (Table 4
and Tables 5A and 5B).

Of the patients with positive blood cultures, 72
patients (63.2%) had Gram-positive bacterial sep-
sis, 41 patients (36.0%) had Gram-negative bacterial
sepsis, and 1 patient (0.88%) had a mixed bacterial
infection. The most common Gram-positive bacte-
ria identified by blood culture were Staphylococcus
coagulase negative and Staphylococcus aureus; the
most common Gram-negative organisms identified
were Klebsiella species and E. coli. There was no
significant difference between the Gram stain result
and the secondary outcomes of length of stay, lactate
level, time to antibiotics, or mortality (P > 0.05).

DiscussioN

In our patient cohort, the 92% correlation between
having a positive blood culture and a positive PCR
result was similar to prior literature reports. Previously,
SeptiFastTM testing was determined to have a sensi-
tivity of 87%, and a specificity of 85.8% for detecting
sepsis pathogens.® Concordance with blood culture
was 86%° despite the limit of detection at approxi-
mately 30 CFU/mL for most organisms.’” The PCR test
result has potential implications for clinical predictions.
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Table 2. Characteristics of Patients by PCR Status

Negative PCR * Positive PCR

Variable n = 168 (63%) n =100 (37%) P value
Age, years, mean (SD) 62.2 (16.4) 58.9 (13.7) 0.06
Race, # (%) 0.25

Caucasian 127 (76.1) 69 (69.0)

African American 17 (10.2) 15 (15.0)

Hispanic 16 (9.6) 15 (15.0)

Other 7(4.2) 1(1.0)
Gender, male, # (%) 92 (54.8) 52 (52.0) 0.66
Severe sepsis, # (%) 0.67

No septic shock 25 (14.9) 13 (13.0)

Septic shock 143 (85.1) 87 (87.0)
Code sepsis, yes, # (%) 47 (28.0) 37 (37.0) 0.12
Time to antibiotic, hours 4.4 (11.2) 3.0(4.3) 0.32
mean (SD)
Change in antibiotic, 62 (36.9) 64 (64.0) <.0001
yes # (%)
Serum lactate level mmol/L, 3.3(3.3) 3.5(2.5) 0.03
mean (SD)
LOS**, days, mean (SD) 6.9 (7.2) 7.0 (7.0) 0.84
Mortality, # (%) 48 (28.6) 41 (41.0) 0.04
Infection sites, total (%) 167 (62.6) 100 (37.5) <.0001

Blood 3(1.8) 9(9.0)

Pulmonary 50 (29.9) 5(5.0)

Urinary 34 (20.4) 4(4.0)

Abdominal 14 (8.4) 2 (2.0)

Meningitis 3(1.8) 0

Joint 3(1.8) 1(1.0)

Other 25 (15.0) 3(3.0)

Multiple 35(2) 76 (76.0)

*No PCR test was run; **LOS-length of stay.

Patients with positive sepsis PCRs on admission were
more likely to have higher organ dysfunction scores
(SOFA score) than those with negative PCRs." Rello
et al. reported an almost linear relation between an
increase in log numbers of pneumococcal copies (i.e.,

the genomic load) and the risk for septic shock and/or
the need for mechanical ventilation.'?

Our study provides some insight into our patient
population and ICU diagnostic and therapeutic
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Figure 2. Percentage of combined infection sites
in patients with a positive PCR test.
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strategies. There are several limitations regarding the
data in this study since only patients with a diagno-
sis of sepsis or septic shock based on ICD-10 codes
with positive blood culture growth that triggered a
subsequent PCR test were included in the sensitivity
analysis. Specificity could not be calculated as the
initial percentage of false positive results would have
been zero since there were no cases in which indi-
viduals had a positive PCR with a negative blood cul-
ture. However, some bacteremic patients may have
been missed through sample timing or the effect of
prior antibiotics. In addition, PCR testing for bacterial
identification using urine cultures, sputum cultures,
or sites other than blood might help detect sepsis and
characterize the infection. The study results did not
include markers of disease severity, such as bilirubin
and creatinine levels or platelet counts, to calculate
the SOFA score and determine if the ICD-10 code
diagnosis matched the clinical presentation.

Microorganism classification can help narrow the
antibiotic spectrum, which potentially reduces the
development of bacterial resistance, and can help
predict the risk for complications and mortality.” In
our study, Gram-positive organisms were the most
frequent cause of bacterial infection and accounted
for 73.3% of infections in patients with severe sep-
sis and for 61% of patients with septic shock. In
the United States, Gram-positive organisms are

the most frequent cause of bacterial infection in
septic patients.’ Overall, there is higher mortality
with infections secondary to methicillin-resistant
and methicillin-susceptible Staphylococcus aureus,
Candida species, Pseudomonas species, and mixed
pathogens.’™ However, there is no difference in
mortality between Gram-positive or Gram-negative
negative bacteria in patients with septic shock. Li
et al. have reported have reported that there was
no difference in all-cause mortality, length of ICU
stay, the requirement for mechanical ventilation,
and requirement for renal replacement therapy in
patients with culture positive sepsis or septic shock
and in patients with culture negative sepsis or septic
shock."”

Respiratory infections, specifically pneumonia,
are the most common site of infection and are associ-
ated with highest mortality.'® In our patients, the most
common infection sites in patients with severe sepsis
included pulmonary (27%) followed by urinary and
abdominal (8%). Similarly, in patients with positive
PCR, pulmonary infections followed by urinary tract
infections were the most common sites of infection,
but there was higher frequency of multiple sites as the
main category (76%).

The high mortality associated with severe sepsis
and septic shock stresses the importance of early
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Table 3. Characteristics of Patients Classified by Shock Type

Severe Sepsis Septic Shock

Variable n =38 (14%) n =230 (86%) P value
Age, years, mean (SD) 58.4 (20.5) 61.3 (14.7) 0.42
Race, # (%) 0.94

Caucasian 29 (76.3) 167 (72.9)

African American 5(13.2) 27 (11.8)

Hispanic 3(7.9) 28 (12.2)

Other 1(2.6) 7(3.1)
Gender, male, # (%) 14 (36.8) 130 (56.5) 0.02
PCR, yes, # (%) 13 (34.2) 87 (37.8) 0.67
Time to antibiotic, hours 5.3(12.3) 4.2 (9.4) 0.02
mean (SD)
Change in antibiotic, 19 (50.0) 107 (46.5) 0.78
yes # (%)
Serum lactate level mmol/L 322.3) 33@3.1) 0.76
mean (SD)
LOS* (days) 4.7 (4.4) 42094 0.84
Mortality, # (%) 5(13.2) 84 (36.5) 0.005
Infection sites, total # (%) 37 (13.9) 230 (86.1) 0.53

Blood 0 (0.00) 12 (5.2)

Pulmonary 10 (27.0) 45 (19.6)

Urinary 3(8.1) 35(15.2)

Abdominal 3(8.1) 13 (5.7)

Meningitis 0(0.0) 3(1.3)

Joint 0 (0.0) 4(1.74)

Other 6 (16.2) 22 (9.6)

Multiple 15 (40.5) 96 (41.7)

*LOS-length of stay.

diagnosis and initiation of early goal directed therapy.
Kumar et al. found that appropriate antibiotic therapy
was started in 80% of septic shock cases studied,
with overall survival rate at 43.7% (52% in those with
appropriate antibiotics, 10.3% in those with inappro-
priate antibiotics).’ In this study on average, anti-
biotics were started in 4.4 hours in patients with no
PCR testing and 3.0 hours in patients with positive
PCR tests. The Surviving Sepsis Campaign most
recent 2021 update recommends starting antibiotics

ideally within the first hour of recognition of possi-
ble septic shock or sepsis.?’ However, the mortality
rate in this study was similar to published sepsis mor-
tality outcomes. Overall mortality in the severe sep-
sis patients was 13% compared with reported 10%.
Overall mortality in the septic shock patients was
37%, which matched prior literature reports of 40%.2’

In summary, PCR testing had good diagnostic
utility for the identification of bacterial infections, but
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Table 4. _ i
Article citation: Solis X, Batson B, Morataya C, Iwuji K,
Blood Cultures Fairley H, Chakkour W, Nugent K, Islam E. The
Positive | Negative* | Total association of positive sepsis PCRs tests with patient
o mortality, length of stay, and antibiotic management in a
PCR Pos't“_'e 104 0 104 medical intensive care unit. The Southwest Respiratory
Negative 10 154 164 and Critical Care Chronicles 2023;11(49):1-9
Total 114 154 268 From: Department of Internal Medicine, Texas Tech

*Patients with negative blood cultures would not have a PCR run.

positive test results were not associated with changes
in the length of stay in patients from the ICU. Therefore,
PCR testing should be used as a tool in conjunction
with additional information, including bacterial classi-
fication by cultures and markers of disease severity.
Prompt antibiotic initiation should contribute to better
overall outcomes.
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