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Abstract

Sepsis is @ major cause of mortality and is the
primary cause of death from infection in critically
ill patients. Accurate diagnosis and early treatment
of sepsis is very important to prevent rapid
progression to multi organ failure, septic shock and
death. Patients with infections can progress to
Systemic Inflammatory Response Syndrome (SIRS).
Early identification and close monitoring of patients
with SIRS is important as this may be the initial
presentation of sepsis. In clinical practice it is
difficult to differentiate between non-infectious
systemic inflammation and sepsis, because many
clinical signs overlap in both conditions. There is
no "'gold standard" test to detect sepsis throughout
the world.

Therefore, this study was carried out to determine
the usefulness of granulocyte parameters for the
diagnosis of sepsis among adult patients with SIRS.
This was a descriptive cross-sectional study which
included 234 adult patients admitted to medical
wards of Teaching Hospital Karapitiya, Sri Lanka
with features of SIRS. Patients with sepsis were
identified according to the Third International
Consensus criteria for sepsis. Absolute neutrophil
count (ANC), toxic changes and immature
granulocyte percentage (IG%) were assessed in
each study subject. Statistical analysis was
performed using SPSS software. Study subjects
were grouped into two on the basis of presence
and absence of sepsis. Neutrophil parameters of
two groups were compared to assess the
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significance. Comparisons of means were done
using independent two sample T test for
continuous variables and Chi-Square test for
categorical variables.

There was no statistically significant association
between ANC and sepsis (p=0.858 [p>0.05]). A
statistically significant association was found
between presence of toxic changes and sepsis
(p=0.00 [p<0.05]). In the study population, the
mean IG% was1.57% and standard deviation was
2.75.There was a statistically significant association
between 1G% and sepsis (p=0.001 [p<0.05]).
Neutrophil toxic changes and IG% can be used to
differentiate sepsis in SIRS patients with a greater
certainty. However, further studies are needed to
confirm the usefulness of these parameters in a
diverse setup.

Introduction

Sepsis is defined as life-threatening organ dys-
function caused by a dysregulated host response
to an infection’. It is a complex, life threatening
condition that arises when the body’s response to
an infection damages its own tissues and organs.
Sepsis can be differentiated from infection by the
presence of organ failure and dysregulated or
abnormal host response. Organ failure can be
assessed using Sequential (sepsis related) Organ
Failure Assessment Score (SOFA score)!. Acute
change in total SOFA score 2 or more due to an
infection is used to identify organ dysfunction.
Clinical criteria used for confirmation of sepsis is
presence of 2 or more SOFA points (above
baseline) in a patient with proven infection®.

In critically ill patients, sepsis is a major cause of
mortality and morbidity and it is the primary cause
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death from infection’. Estimated global

ence of sepsis is 3 per 1000 population per year

h an estimated annual mortality between

50 deaths per 100,000 population. In general,

.pital population with presumed infection,
overall mortality risk of sepsis is approximately
10%*3. Sepsis can progress to septic shock and
death. Patients with septic shock have a mortality
over 40%', Therefore, accurate diagnosis and early
treatment of sepsis is very important to prevent
rapid progression to multi organ failure, septic
shock and death.

Patients with sepsis can initially present with the
Systemic Inflammatory Response Syndrome (SIRS).
It is defined as a clinical response to a nonspecific
insult of either infectious or non-infectious origin®.
Early identification and close monitoring of patients
with SIRS are important as this may be the initial
presentation of sepsis. In practice, it is difficult to
differentiate between non-infectious systemic
inflammation and sepsis, because evidence of
microbiological infection is often ambiguous and
many clinical signs overlap in both conditions.

Various studies have been carried out throughout
the world to look for factors that help to diagnose
sepsis, yet there is no “gold standard” test to detect
sepsis. Therefore, various serological markers such
as C-Reactive Proteins (CRP), procalcitonin (PCT),
IL6 and IL8 have been studied to help rapid
identification of patients with sepsis. But use of
these are not practical due to cost, limited
availability and time consumption®®,

In an appropriate clinical context, positive blood
culture is considered diagnostic of sepsis. Rela-
tively long incubation period is the major dis-
advantage of blood cultures. Also, false negative
results can be caused by insufficient quantity of
blood, inappropriate culturing conditions for fasti-
dious organisms and presence of antibiotics or
other inhibitory factors in the blood samples. False
positive results are also due to errors in collection
or processing of samples’.

Therefore, it is important to have other laboratory
parameters to predict sepsis and bacteraemia. A
full blood count is invariably performed on
admission as well as used for the monitoring of
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patients with suspected sepsis/SIRS throug,
the hospital stay. If granulocyte parameters ¢z,
used to diagnose sepsis, it will be useful '°’u,
clinicians to implement optimum managemer,

A study done by Porizka et al evaluated the
fulness of immature granulocyte percentage (I(,;
to discriminate between postoperative n,
infective systemic inflammatory response g,
drome (SIRS) and sepsis. The results showed
best cut-off value for IG% of 1.45% (sensitiy
70.5%, specificity 60%) and 1.43ug/! for i
(sensitivity 65.9%, specificity 75%). The com
nation of 1G% and PCT provided the best sep,
prediction (area under the curve of 0.8, sensit'rq
63.6% and specificity 88.8%)°.

A study on immature granulocytes index as an eq
marker of sepsis, reported 1G% of 2% with staticq
significant association with sepsis (p=0.0g
[p&It;0.05])°. In a study which evaluated the rd."
of neutrophil and monocyte volume, conductiy
and scatter (VCS), derived from automated haemg
tology analysers, in critically ill patients n%.;l
suspected sepsis showed VCS parameters my
help to strengthen the diagnostic probabitity¢
sepsis®®. |

In a case control study, which assessed i
Neutrophil-lymphocyte ratio in the early di.:«xgncxil
of sepsis in an intensive care unit revealed as.t.\l
ciation of sepsis with the presence of a neutropt
lymphocyte ratio greater than 5.0, leukocyte cos
above 12x10%L and band neutrophil percenty
above 10%*.

A study on immature granulocytes index as es
marker of sepsis reported statically significa
association with sepsis and 1G% of 2% (p=0.0!
(p< 0.05]).

However, such studies were sparse in Sri Lanka#
use of novel automated FBC parameters in clin'ﬂz
decision making are not freely used. Therefo
this study was carried out to assess the usafulr
of the absolute neutrophil count, immat
granulocyte percentage and toxic changes.
neutrophils in predicting sepsis among pati¢’
with SIRS. There are no published studies on
topic in Sri Lanka to date.
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Materials and methods

This was @ descriptive study among patients admit-
ted to medical wards, at the Teaching Hospital,
Karapitiya. Adult patients (patients above 12 years
were considered as an adult) admitted to medical
wards, Teaching Hospital, Karapitiya with features
of Systemic Inflammatory Response Syndrome
(SIRS) were included into this study until minimal
sample size was achieved.

patients with two or more of the following features
were considered as having SIRS. Temperature >38°C
or <36°C, heart rate >90/min, respiratory rate >20/
min or PaCO, <32 mm Hg and white blood cell count
<4x10°/L or >12x10°/L or immature bands >10%.
Patients with white blood count of 4x10 — 12x10°/uL
were included into the study if they fulfilled other
criteria for SIRS.

Adult patients with SIRS without an obvious cause
for SIRS who consented for the study were
recruited. Patients with obvious causes for SIRS
(e.g.: trauma, myocardial infarction etc) were
excluded.

Minimum number of patients needed to be
studied was calculated using n=Z ¢* /d*formula.
(According to a pilot study mean absolute
neutrophil count in septic patients was 17.4x10°/L
and standard deviation was 7.8x10°%/L). Minimal
sample size was 234.

Adult patients admitted to medical wards at the
Teaching Hospital, Karapitiya with features of
Systemic Inflammatory Response Syndrome during
the period of January to September 2017 were
included into the study until minimum sample size
of 234 was reached.

Data collection was done by the principal author.
Basic characteristics of patients, relevant exami-
nation findings and the investigations carried out
during the hospital stay including series of FBC
performed, were recorded on patients with SIRS.

Therefore, on admission and day-3 FBC and blood
picture were used to assess absolute neutrophil
count and immature granulocyte percentage. In
the haematology laboratory, blood picture slides
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which were prepared for verification of the
analyser findings were used to assess neutrophil
toxic changes by the principal author. Neutrophil
toxic changes assessed included, toxic granules,
vacuoles and Dohle bodies. Accumulation of large,
dark granules in segmented neutrophils or
sometimes in earlier neutrophil precursors are
called toxic granules. Neutrophil toxic changes
were randomly verified by another senior registrar
in clinical haematology.

Dohle bodies are sky-blue cytoplasmic inclusions
in neutrophils®.

Immature granulocyte percentage and absolute
neutrophil count were assessed from data avai-
lable in Mindray BC-6800 automated blood cell
counter.

Morphological assessment of immature granulo-
cyte percentage was done. Band forms were not
included into the immature granulocyte fraction.

Among SIRS patients, patients who had evidence
of infection (focus of infection-culture positive
urinary tract infection [UTI] or symptoms of UTI with
positive urine full report, blood stream infections
[positive blood culture], pneumonia, infective
endocarditis, meningitis, skin and soft tissue
infections or bone or joint infections) and SOFA
score of 2 or more above the base line were consi-
dered as having sepsis. Patients without above 2
criteria were considered as having SIRS without
sepsis (according to the third international con-
sensus definitions for sepsis and septic shock).

Ethical approval for the study was obtained from
the Ethical Review Committee, Faculty of Medicine,
University of Ruhuna, Sri Lanka. There was no
additional blood collection from patients for the
research. Informed consent was obtained from
patients or relatives of the critically ill patients.
Anonymity of the patients and confidentiality of
data were maintained.

Statistical analysis and results

FBC and blood picture findings of 234 patients of
SIRS were analysed using SPSS (Statistical package)
20 version. Granulocyte parameters on SIRS
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patients, with and without sepsis were analysed
separately, Comparisons of means were done
using independent two sample T test for conti-
Nuous variables and Chi-Square test for categorical
variables.

Patients with sepsis were identified according to
the Third International Consensus Criteria for
Sepsis'.

A total number of 234 patients were included into
the study. There were 134 (57.3%) male and 100
(42.7%) female patients. Age range of study
subjects was from 15 to 94 years, patients’ median
age was 58.3 years. There were 66 (28.2%) patients
below 50 years and 168 (71.8%) patients above 50
years. Majority of patients (62, 26.4%) were above
70 years.

Among 234 patients with SIRS, 118(50.4%) patients
had sepsis. The number of patients without sepsis
was 116 (49.6%).

The commonest focus of infection was urinary tract
infection (UTI) (22.2%), followed by pneumonia
(16.2%), pyelonephritis (9.4%), cellulitis (7.3%) and
lower respiratory tract infections (6.4%). Focus of
infection could not be identified in 34 (14.5%)
patients with SIRS.

Y

Blood smears were evaluateq t, ,
toxic changes. Toxic changes were ig SS."eht,
(59.8%) patients. There were 94ent,i o
patients without toxic changes. Am(q
patients with toxic changes, 72.29 1408@
granules and 27.9% had both toxie ad onjy

vacuoles. Dohle bodies were Kt i:"ule

blood smears examined. entjf

on

oy
led' '

In the study population, WBC Count y,
from 3.3x10° /I to 43.5x10°/I. The mean\;}s fa,
was 15.9x10%/1 (standard deviation, wasg 93 (0
118 patients with sepsis, the majority (8(3
had WBC count above 12.0x10°/1 ang 'Sy
had WBC equal or below 3.9x10%. ”(LSE
The absolute neutrophil count in the study . |
lation ranged from 1.90x10°%/I to 37'2"10’/[“
neutrophil count was 12.9x10%/) and ‘
deviation was 6.5. The majority (196, g3
neutrophil count above 7.5x10%/I.

Iand;‘

8%) hi
f

In the study population, immature granulgqg
percentage ranged from 0.00% to 27.80%. The mes
immature granulocyte percentage was 1.57‘%&
standard deviation was 2.75. |

|
Comparisons of means were done using iné
pendent two sample T test for continuous vz
bles and Chi-Square test for categorical variab’a{

Tablel. Absolute neutrophil count and presence and absence of sepsis in study subjedS:
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Absolute neutrophil With sepsis Without sepsis Total

count

=/<2.5 x10/I 3(2.5%) 0(0%) 3 (139

2.6-7.5 x10°/] 23(19.5%) 12(10.3%) 25(1509

>7.5 x10%/1 92 (78.0%) 789'7%) 106 (83-3%'.

Total 118 (100%) 116 (100%) 234(100’/3\1
S
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Chi-Square test was used to assess the association between toxic changes and sepsis.

Table 2. Toxic changes in the study population

) i‘éxic changes i WMM;e—,;i;* N 1
- Present No. (%) Absent No. (%)
" present i 85 (72.0%) 55 (47.4%)
Absent 33(28.0%) 61(52.6%)
B Total 118 (100%) 116 (100%)

X!=14.75, df=1, p=0.00(p<0.05)

Higher number of patients with sepsis had toxic changes. There was a statistically significant association
(p=0.00 [p<0.05]) between presence of toxic changes and sepsis.

Independent two samples T test was used to assess the association between mean WBC count and sepsis

(Table 3), mean absolute neutrophil count and sepsis (Table 4) and immature granulocyte percentage and
sepsis (Table 5).

Table 3. Mean WBC count and presence/ absence of sepsis in study subjects

Sepsis Number of patients Mean WBC Standard deviation
Present 118 15.954 8.0027
Absent 116 15.924 5.8015

1=0.033, df=232, p=0.974 (P> 0.05)

Patients with sepsis and without sepsis had mean WBC count of 15.954x10%/l and 15.924x10°/I respectively.
There was no statistically significant association (p=0.974 [p>0.05]) between the mean WBC count and
presence of sepsis.

Table 4. Association between mean absolute neutrophil count and presence and
absence of sepsis in the study population

Sepsis Number of patients Mean ANC Standard deviation
Present 118 12.9833 7.2332
| Absent 116 12.8311 5.69501

ANC-Absolute Neutrophil Count 1=0.179, df =232, p=0.858 (p>0.05)
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bsolute neutrophil coun
' i ifference between a o
There was no statistically significant di bsolute neutrophil count of 17—-.‘)8”().,” m,

1)
of 12.83x10%/I. by

without sepsis. Patients with sepsis had mean a

without sepsis had mean absolute neutrophil count

Patients with sepsis had mean immature granulocyte P P, ¢
non-sepsis group was 0.9644. There was a statistically significant association (p=0.00 lDfO'O,"l,

IG% and presence of sepsis.

Y
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tage (IG%) of 21713, Wherq
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Table 5. Association between 1G% and presence / absence of sepsis in Study Subjq
(Ut

Sepsis Number of patients Mean IG % Standarg devl.af\

lon‘
Present 118 21713 3.54851 ~{
Absent 116 0.9644 134516 {

IG%-Immature Granulocytes percentage t=3.451, df=232, p=0.001(p<0.05)

Discussion

Full Blood Count (FBC) is routinely evaluated in
Patients with suspected SIRS at less cost than other
laboratory markers of sepsis. This study evaluated
the usefulness of granulocyte parameters for
diagnosis of sepsis among patients with SIRS.

In the study population, majority of patients were
males (57.3%) while females were 42.7%. Male:
female ratio was 1.3:1. According to a study done
by Cornbleet et al showed male: female ratio of
1.63:1" which was higher compared to this study.
Among 234 patients, 62 (26.4%) were above 70
years. Only 39 (16.6%) were below 40 years. In the
study population, patients’ median age was 58.3
years. A study done by Grozdanovski et al reported
median age of 58.1 years™ which was almost similar

to this study population.

The commonest focus of infection was UTI (22.2%),
There were 34 patients (14.5%) with unknown
focus. According to a study done by Grozdanovski
et al in a tertiary care university hospital in Mace-
donia, the commonest source of infection was
lower respiratory tract (57.8%) and there were 5.1%
of patients with unknown focus'’. Indian study
done in ITU settings showed higher incidence of
respiratory tract infections (37.2%) and focus of
infection was unknown in 12%",
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According to this study and the Indian ,
revealed unknown focus in 14 5y aid 12;4
patients respectively. These two figures a %
to each other but different to the resy
Macedonian study which showed Onlysl_.”‘
patients with unknown focus of infectign

In the study sample, 118 patients had Sepsis, wy
was 50.4% of the sample. A Korean study dove}
Yoonmi et al showed different Proportion
patients with SIRS and sepsis which were %
and 73.29% respectively?.

In this study population, 83.7% of patients
absolute neutrophil count above 7.5
Absolute neutrophil count was above 7.5\¢"]
78% and 89.7% of patients with and without s
respectively. The mean absolute neutrophil @
was 12.9x10°/1, A study done by Martins &
showed mean absolute neutrophil count of 1t
109/' ll'

According to our data there is no 5“"'“'\:‘
significant association between absolute 0%
Phil count and sepsis (p=0,85 [p > 0.08) H‘Wj
this finding was different ta the results of ‘M‘(Q
done by Martins et al which showed “w-‘s
significant assoclation between a!l\ﬂh"r‘m‘:-‘
phil count and sepsis (p=0.018 <0050

need further evaluation.
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The toxic changes were identified in 140 (59.8%)
stients with SIRS. There was a statlstically signi-
ficant association between presence of toxic
(hanges and sepsis (p=0.00 [p<0.05]). There were
no similar studies to compare the results of toxic
changes and sepsis after an extensive search on
intemational and local literature.

|n the study population, mean immature granu-
locyte percentage was 1.57% with standard devia-
tion of 2.75. There was a statically significant asso-
ciation between immature granulocyte percentage
and sepsis (p=0.001 [p< 0.05]). These results were
consistent with studies carried out in different
regions of the world. A study done in Czech Repu-
blic showed immature granulocyte percentage of
1.45% (p=0.01)%. A German study showed imma-
ture granulocyte percentage of 1.58% (p=0.0001),
while a Brazil study reported immature granulo-
cyte percentage of 2% (p=0.001)"".

Conclusion

Granulocyte parameters are useful for diagnosis
of sepsis among patients with Systemic Inflam-
matory Response Syndrome.

There is no statistically significant association
found between sepsis and absolute neutrophil
count, while statistically significant association is
evident between toxic changes and immature
granulocyte percentage with presence of sepsis
(p<0.05). Neutrophil toxic changes and immature
granulocyte percentage can be used to detect
patient with sepsis.

However, further studies are useful to assess
association of sepsis with toxic changes and
immature granulocyte percentage, before using
them as indicators of sepsis in clinical settings.

Limitations and recommendations

There could be patients with sepsis who remain
undetected due to false negative blood cultures.
Procalcitonin is a widely used bio marker to detect
patients with sepsis, but it was not available during
the study period.

26

External quality assurance was not available in the
government sector for immature granulocyte
percentage during the period of data collection.

External quality assurance is recommended for
immature granulocyte percentage for validation
of data.
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