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Analysis of the Patients with Sepsis
Caused by Gram Positive and
Gram Negative Bacteria

Gram Pozitif ve Gram Negatif Bakterilerin
Yol Actigr Sepsisli Hastalarin
Degerlendirilmesi

ABSTRACT Objective: The objective of this study was to evaluate the epidemiological, clinical,
laboratory features and risk factors associated with mortality of the 109 adult cases of sepsis in
which gram positive, and gram negative bacteria isolated from blood cultures. Material and Met-
hods: One hundred and nine patients with sepsis followed in our hospital between January 2002
and January 2003 were investigated prospectively. Results: Gram negative bacteria were isola-
ted from blood cultures in the rate of 58.7%. The most frequent gram negative bacterium was
Escherichia coli, and gram positive was Staphylococcus aureus. Statistically significant diffe-
rence was not detected between gram positive, and gram negative bacteria sepsis related with
development of hypothermia, appropriate antibiotic treatment, septic shock, multiple organ
dysfunction syndrome (MODS), disseminated intravascular coagulation (DIC), and mortality ra-
te. The mortality rate was 23%. The risk factors related with mortality were old age, hypother-
mia, staying in intensive care units, changes in consciousness, septic shock, MODS, DIC, renal
failure, acute respiratory distress syndrome (ARDS), inappropriate antibiotherapy, and lack of
infectious disease specialist consultation. Inappropriate antibiotic therapy, severe sepsis, and old
age were found as independent factors in mortality by logistic regression analysis. Conclusion:
There was no significant difference between the risk factors of gram positive, and gram negati-
ve bacteria sepsis. Prompt diagnosis and appropriate antibiotic treatment was important in de-
creasing the mortality in both of them.

Key Words: Sepsis; risk factors

OZET Amag: Bu calismanin amaci kan kiiltiirlerinde gram pozitif ve gram negatif bakteri iire-
yen 109 erigkin sepsis olgusunun epidemiyolojik, klinik, laboratuvar 6zelliklerini ve mortalite
ile iligkili risk faktorlerini degerlendirmektir. Gereg ve Yontemler: Hastanemizde Ocak 2002-
Ocak 2003 tarihleri arasinda izlenen 109 sepsis hastasi prospektif olarak aragtirllmigtir. Bulgu-
lar: Kan kiiltiirlerinin %58.7’sinde gram negatif bakteri izole edildi. En sik gram negatif bakteri
Escherichia coli ve en sik gram pozitif bakteri Staphylococcus aureus idi. Gram pozitif ve gram
negatif bakteriler arasinda hipotermi, uygun antibiyotik tedavisi, septik sok, multipl organ dis-
fonksiyon sendromu (MODS), yaygin damar i¢i pihtilagsmas1 (DIC) ve mortalite oranlar ile ilis-
kili olarak istatistiksel fark saptanmadi. Oliim oran1 % 23 idi. Mortaliteyle iliskili risk faktorleri;
ileri yas, hipotermi, yogun bakimda bulunmak, biling¢ degisikligi, septik sok, MODS, DIC, b&éb-
rek yetmezligi, akut solunum yetmezligi sendromu (ARDS), uygunsuz antibiyotik kullanimi,
enfeksiyon hastaliklar1 uzmani konsiiltasyonu olmayisiydi. Uygunsuz antibiyotik tedavisi, agir
sepsis ve ileri yas lojistik regresyon analizinde éliimle iligkili bagimsiz risk faktérleri olarak bu-
lundu. Sonug: Risk faktorleri yoniinden gram pozitif ve gram negatif bakteri sepsisi arasinda an-
laml fark yoktu. Her ikisinde de hizli tan1 ve uygun antibiyotik tedavisi mortalite azalmasinda
6nemliydi.

Anahtar Kelimeler: Sepsis; risk faktorleri
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epsis is seen in an increasing rate and its mor-

tality is still high. Increase of old age in the

society, lengthening of the survival of the pa-
tients with chronic diseases, broad use of immuno-
suppressive therapy, increase of invasive
procedures in diagnosis and treatment are the cau-
ses in increased rate of sepsis incidence.! Mortality
rate has been reported as between 12% and 80% by
different studies and its average rate is about 35%.>
Determination of the mortality factors in sepsis is

very important.

We investigated the epidemiological, clinical
and laboratory features of the 109 adult cases of
sepsis in which gram positive and gram negative
bacteria isolated from blood cultures and evaluated
the risk factors associated with mortality in this
study.

I MATERIAL AND METHODS

All patients hospitalized in our hospital between
January 2002 and January 2003 with sepsis associ-
ated with positive blood cultures in which gram
positive, and gram negative bacteria isolated were
included in this prospective study. The patients
were followed until death or discharge from hospi-
tal. The study was performed after permission from
the Local Committee of Ethics in Science and ac-
cording to the guidelines of the Helsinki II decla-
ration. The patients with positive blood cultures for
Brucella spp., and potentially skin contaminants;
and younger than 18 years old were excluded from
the study.

Blood was inoculated into BACTEC aerobic
bottles. The bottles were incubated in BACTEC
9240 blood culture systems (Becton Dickinson,
Sparks, MD, USA) until flagged as positive or seven
days. When blood cultures became positive, the
broth was gram- stained, and sub cultured onto
sheep blood agar, and chocolate agar plates. The or-
ganisms were identified using standard conventio-
nal methods.?

True bacteremia or contamination: Each posi-
tive blood culture was assessed and categorized as
true-positives or contaminants after the following
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factors were taken into account; the patient’s cli-
nical history, physical findings, body temperature
at the time of blood culture, leukocyte count, num-
ber of positive blood cultures out of the total num-
ber performed, results of cultures of specimens
from other sites, imaging results, clinical course
and response to therapy.>*

Episode: An episode of bacteremia was defined
by first positive blood culture was accepted as a sin-
gle episode. Any new positive blood culture result
that occurred >48 hours after the previous result
was accepted as a separate episode if it was clear
that the one was not part of the same episode ac-
cording to the clinical course.*

Hospital- acquired sepsis: The patients witho-
ut clinical symptoms, and signs of sepsis on admis-
sion to the hospital; and with positive blood
cultures after 72 hours of hospitalization were diag-
nosed as nosocomial sepsis according to the criteria
of Centers for Disease Control and Prevention
(CDCQ).*3

Community-acquired sepsis: The patients with
clinical symptoms, and signs of sepsis on admission
to the hospital; and positive blood cultures in 72
hours of hospitalization were diagnosed as commu-
nity-acquired sepsis according to the criteria of
CDC~>

Transient bacteremia: The patients with posi-
tive blood culture who had not symptoms and signs
of local infection and symptoms; and signs of symp-
toms resolved totally in 24 hours were accepted as
transient bacteremia.®

Underlying diseases: Underlying diseases we-
re categorized as rapidly fatal (group I), fatal in the
end (group II), nonfatal (group III) according to the
McCabe and Jackson classification.”®

Appropriate antimicrobial therapy: The anti-
biotherapy was accepted as appropriate if the isola-
ted bacteria was susceptible to at least one
antibiotic in vitro, beginning time of the antibiot-
herapy was in 24 hours after bacteria isolation; ap-
propriate duration and dose.*

Outcome: The patients are classified in two
groups as the ones discharged from hospital with
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clinical improvement, and the ones with fatal end
due to bacteremia or clinical deterioration because
of bacteremia.

The classification of the bacteremia was made
according to the definitions below:

Patients’ clinical status was defined as sepsis,
severe sepsis, septic shock and MODS previously
described.’

Statistical analysis

S0064 MINITAB release 13 program was used in
statistical analysis. Data were analyzed by x?, Fis-
her’s exact test, Mann Whitney U test. Indepen-
dent variables related with mortality with a p value
< 0.05 in the univariate analyses were entered into
begining of the stepwise logistic regression models.
The odds ratios, 95% confidence intervals (CI), and
p values were calculated for each risk factor in the
final models. The value of p< 0.05 was accepted as
statistically significant.

I RESULTS

We identified a total of 109 patients with sepsis
who were followed up in our hospital between
January 2002, and January 2003. Isolated bacteria
from blood cultures were gram negative in 64
(58.7%), and gram positive in 45 (41.3%) patients.
E. coli and other Enterobactericiae were the most

frequent isolated gram negative organisms. The
other isolated gram negative microorganisms we-
re Acinetobacter spp., Pseudomomas aeroginosa.
Staphylococcus aureus accounted for the most
frequent isolated gram positive organism. The ot-
her gram positive microorganisms were Entere-
coccus spp., Streptococcus spp., coagulase
negative staphylococcus (CNS). The origin of
gram positive bacteremia was vascular catheter in
the rate of 31% and the origin of gram negative
bacteremia was genitourinary system in the rate
of 42%. The hospital acquired bacteremia acco-
unted for higher rate than community acquired
bacteremia in both of the gram positive (60%),
and gram negative (58%) bacteremia. The deve-
lopment of hypothermia, shock, MODS, DIC, and
use of appropriate antibiotic treatment were not
statistically different between gram positive, and
gram negative bacteremia (p> 0.05). The rate of
mortality in gram positive, and gram negative
bacteremia was 28.9%, and 20.3% respectively
but this difference was not statistically significant
(p> 0.05) (Table 1).

When considering total 109 cases with sepsis
68 (62%) of the patients were male; 41(38%) of
them were female. This difference was found sta-
tistically significant (p< 0.001). The mean age of
the patients was 60.0 = 18.4 (18-93). Ninety one

TABLE 1: Comparison of the features of the patients with gram positive and gram negative bacteremia.

The origin of the bacteremia Respiratory
Genitourinary
Vascular catheter
The source of the bacteremia Hospital

Community

Hypothermia

Appropriate antibiotherapy
Shock

MODS

DIC

Mortality

Gram (+) Bacteremia Gram (-) Bacteremia
n % n %
18 (40) 21 (33)
1 @) 27 (42)*
14 @31 1 )
27 (60) 37 (58)
18 (40) 27 (42)
5 1) 2 3)
33 (73) 50 (78)
10 (22) 15 (23)
5 (1) 6 9
9 (20) 11 (17)
13 (29) 13 (20)

*p< 0.05

MODS: Multiple Organ Dysfunction Syndrome, DIC: Disseminated Intravascular Coagulation.
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(83.5%) of them was older than 40 years old. This
finding was statistically significant (p< 0.001).
Hospital acquired bacteremia accounted for
58.7% of the total cases, and this was found statis-
tically significant (p< 0.001). The most frequent
origin of infection in community acquired bacte-
remia, and hospital acquired bacteremia were ge-
nitourinary system in the rate of 33.3%,
respiratory system in the rate of 45.3% respecti-
vely. The most frequent isolated agents from blo-
od cultures in community acquired bacteremia,
and hospital acquired bacteremia was E. coli, and
S. aureus respectively. Underlying diseases were
in Group I, Group II, and Group III in the rates of
2.8%, 39.4%, and 57.8% respectively. Underlying
disease, the source of the bacteremia, and neut-
ropenia were not statistically significant risk fac-
tors related with the development of shock, DIC,
and MODS (p> 0.05). Septic shock was seen mo-

re frequently in the patients with ARDS, MODS,
and DIC (p< 0.05).

Crude mortality of the patients with bacte-
remia was detected as 23 %. Evaluation of the risk
factors in the mortality is presented in Table 2.
Statistically significant risk factors related with
mortality were detected as old age, hypothermi-
a, high respiratory rate, high level of blood urea,
hospitalization in the intensive care unit, chan-
ges in consciousness. Mortality rate in the pati-
ents was also high in the patients with shock,
MODS, DIC, renal failure, and ARDS (p< 0.05).
Appropriate antibiotic therapy was given in 83
(76.1%) of all the patients. The appropriate anti-
biotic therapy was in higher rate (86%) in the pa-
tients with community acquired sepsis than the
ones with hospital acquired sepsis (68%). This re-
sult was found as statistically significant (p< 0.05).
Septic shock, MODS, and DIC was seen in the pa-

TABLE 2: Risk factors related with mortality due to the bacteremia.

Risk factor Episode
n
Sex Male 68
Female 41
Unit Internal medicine 80
Surgical 21
Intensive care 8
Source of bacteremia Hospital 64
Community 45
Type of bacteremia Gram (+) 45
Gram (-) 64
Underlying disease Group | 3
Group I 43
Group Il 63
Neutropenia Present 6
Consciousness changes Present 36
Shock Present 25
MODS Present 11
DIC Present 20
Renal failure Present 22
Hepatic failure Present 15
ARDS Present 14
Inappropriate antibiotherapy Present 26
Infectious diseases consultation  Present 43

Mortality p
n (%)
15 (22.1) Non-significant
11 (26.8)
17 (21.3) Non-significant
4 (19) Non-significant
5 (62.5) <0.05
17 (26) Non-significant
9 (20) Non-significant
13 (28.9) Non-significant
13 (20.3) Non-significant
1 (33.3) Non-significant
1 (25.6) Non-significant
14 (22.2) Non-significant
2 (33.3) Non-significant
21 (58.3) < 0.001
15 (60) <0.001
g (81.8) < 0.001
9 (45) <0.05
12 (54.5) < 0.001
5 (33.3) Non-significant
12 (85.7) < 0.001
15 (57.7) <0.001
15 (34.9) < 0.001

ARDS: Acute Respiratory Distress Syndrome, MODS: Multiple Organ Dysfunction Syndrome, DIC: Disseminated Intravascular Coagulation.
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tients with inappropriate antibiotic therapy in
higher rates (p< 0.05), and mortality was also
high in these patients (p< 0.001). The rate of mor-
tality was high in the patients given inappropri-
ate antibiotic therapy (p< 0.001). The rate of
appropriate antibiotic treatment was high in the
patients who were seen by an infectious diseases
specialist (p< 0.05). The mortality of the patients
were high in patients who were not seen by an
infectious diseases specialist, and this was statis-
tically significant (p< 0.05). Variables associated
with outcome with a p value < 0.05 in the univa-
riate analyses and variables considered clinically
significant (age, appropriate antibiotic therapy,
severe sepsis, underlying disease, hospitalization
in the intensive care unit) were entered into be-
gining of the stepwise logistic regression models
for mortality to identify independent risk factors.
Inappropriate antibiotic therapy, severe sepsis,
old age was found as independent risk factors in
mortality according to the logistic regression
analysis (Table 3).

I DISCUSSION

Several bacteria are responsible for the etiology of
the sepsis. Although the streptococci, and the
staphylococci were the most common causes of
bacteremia before the antibiotic era gram negati-
ve bacteria have been isolated more frequently in
sepsis in recent years, and also the rate of gram
positive bacteria in the etiology of sepsis has been
increased in last decade.'® As the causative agents
in sepsis gram negative bacteria, and gram positi-
ve bacteria has been reported in the rates of 20-
64%, and 27-74% respectively.! We found gram
negative bacteria in the rate of 58.7%, and gram
positive bacteria in the rate of 41.3% in our study.
The most frequently isolated pathogens were E.

TABLE 3: Independent risk factors related with mortality.

Risk factors OR 95% CI p

Inappropriate antibiotherapy 8.62 2.565-29.1 <0.05
Severe sepsis 5.97 1.89-18.81 <0.05
Age 1.04 1.01-1.08 <0.05

OR: Odd's ratio, CI: Confidence interval.
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coli (26.4%), and S. aureus (22.9%). In the study of
Geerdes et al E. coli (26.4%), S. aureus (18.9%),
and other enteric bacilli (15.2%) were the most
frequent agents isolated in the patients with sep-
sis.!! SENTRY antimicrobial surveillance program
organized in 25 university hospitals of Europe in
the years of 1997-1998 reported the S. aureus
(17.6 %), coagulase negative staphylococci (17.1
%), and other enteric bacilli (14.1%) as the most
frequent microorganisms after the E. coli in sep-

sis.!?

Mortality of the sepsis due to gram positive
bacteria was reported in higher rate (25.5%) than
the gram negative bacteria (18.3%) in a study ma-
de in Berlin.!"" In another study made about hos-
pital acquired sepsis mortality related with gram
negative bacteremia, and gram positive bactere-
mia was reported as 26.2%, and 11.6% respecti-
vely.* Although we found the rate of mortality in
sepsis related with gram positive bacteria was fo-
und higher than the gram negative bacteria this
difference was not detected as statistically signi-
ficant. Valles et al found that the septic shock de-
velopment in gram negative bacteremia was more
frequent than the gram positive bacteremia but
this difference was not found in the studies made
by Leibovici et al and Geerdes et al We also found
that the complications such as septic shock,
MODS and DIC developed in similar rates in sep-
sis due to gram positive and gram negative bacte-

1,ia.él,ll,IS

The mortality rate of total 109 cases with sep-
sis was found as 23% in our study. We detected
old age, hypothermia, high respiratory rate, high
level of blood urea, changes in consciousness sta-
tus, development of shock, MODS, DIC, ARDS,
renal failure, inappropriate antibiotic use, absen-
ce of infectious diseases consultation as the risk
factors related with mortality. Independent risk
factors related with mortality were found as old
age, severe sepsis, and inappropriate antibiotic use
by logistic regression analysis. Sex, underlying di-
sease, neutropenia, leukocyte, thrombocyte count,
liver failure was not found statistically significant
risk factors in mortality. Old age and metabolic,
neoplastic, and immunosuppressive diseases pre-
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dispose the infectious diseases. Several studies re-
lated with prognosis of bacteremia detected the
mortality rate as high in the old age patients.>*141>
Some authors did not find such a relation.®'® Mor-
tality was detected in high rate in old patients in
our study. Primary, and secondary humoral im-
munodeficiency, underlying diseases in old age
patients are not only predisposing factors in bac-
teremia but also causes severe outcome and incre-
ased mortality.

Microorganisms causing bacteremia differs ac-
cording to the hospital and community acquired
bacteremia. The etiologic agents of hospital acqu-
ired sepsis are differs among countries, hospitals,
and also units in the same hospital.

Weinstein et al reported the hospital acquired
bacteremia in the rate of 50%, and detected S. au-
reus, CNS, enterecoccus species, P. aeruginosa, and
other nonfermentative bacteria as the causative
agents in hospital acquired sepsis.!” The most frequ-
ent agents isolated in community acquired bacte-
remia were S. aureus, S. pneumoniae, E. coli and
other enteric bacilli. E. coli and S. aureus were fo-
und as the most frequent agents in community ac-
quired, and hospital acquired bacteremia
respectively in our study. The mortality rate is hig-
her in hospital acquired bacteremia than commu-
nity acquired bacteremia according to the several
studies.®*!”1” We did not find any difference bet-
ween them. Higher mortality rate was detected in
the patients of intensive care unit than the ones in
surgery and internal units, and this difference was
statistically significant as in another study.'®'8% A
lot of invasive procedures performed, and infecti-
ons with antibiotic resistant isolates in intensive ca-
re unit were suggested factors as the cause of this

high mortality rate.

Body temperature elevates in most of the pa-
tients with sepsis. Hypothermia has been repor-
ted as 2.8-8% in several studies.®'”?° We found
this rate as 6.4%, and hypothermia is a predispo-
sing factor in increasing mortality as in other stu-
dies.®1”? While neutropenia is an important
factor in increasing mortality in some studies it
has been found insignificant in our study.*®!*!7
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Septic shock development is one of the most se-
vere complications in bacteremia. The rate of sep-
tic shock has been reported as 10.5% and 20.9%
by Leibovici, and Gogos respectively.'*'> Uzun et
al found this rate as 19.5 % in gram negative bac-
teremia.® The septic shock was detected in the ra-
te of 22.9% in our patients. Leibovici et al also
found that renal failure, ARDS, MODS, DIC, he-
patic failure complications were seen more frequ-
ently in the patients with septic shock.!* We also
found same complications excluding hepatic fai-
lure in high rate in these patients. Septic shock in-
creases the mortality rate significantly, and has
been reported as 56-82%.*131620 We also detected
this data in our study. DIC is another severe com-
plication of the bacteremia. Its rate is 5% in hos-
pital acquired bacteremia according to report of
Valles et al, and 37% according to the Gogos et
al.*"> We detected this rate as 18.3% in total 109
cases with hospital, and community acquired sep-
sis. Sepsis is seen rarely in healthy people. There
is usually a predisposing factor or an underlying
disease. Underlying disease has been reported as
an important factor in prognosis of bacteremia.
Mortality rate was found as significantly high in
the patients who were in the groups of diseases
that were rapidly fatal, and fatal in the end accor-
ding to the McCabe and Jackson criteria in seve-
ral studies performed in 1965-1968, 1983-1986,
and 1998 the prognosis.'”?**! Another study from
Turkey and we did not find a relationship like
those findings.®

Besides prompt diagnosis, and treatment of the
sepsis, source of the sepsis, probable causative
agents, and antibiotic susceptibility of these agents
were important factors in the accurate manage-
ment of the therapy. Appropriate antibiotic ther-
apy accounts for the major role in the successful
treatment of the sepsis.®*17?223 The rate of the pa-
tients given appropriate antibiotic therapy was sig-
nificantly high in the ones who were seen by
infectious diseases specialist, and diagnosed as com-
munity acquired bacteremia. Because the antibio-
tic resistance rate of the etiologic agents in
community acquired bacteremia is lower than hos-

Turkiye Klinikleri ] Med Sci 2008;28(6)
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pital acquired bacteremia.?? In hospital acquired

bacteremia the probable etiologic agents, and anti-

biotic resistance pattern is considered better by an
infectious diseases specialist. The significantly high
rate of mortality, development of shock, MODS,
and DIC in the patients of sepsis with inappropria-
te antibiotic therapy shows that appropriate anti-
biotic therapy is very important in bacteriemic

patients.
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