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To effectively treat sepsis and urinary tract infection (UTI), blood and urine cultures should be used appropri-
ately and relative to incidences of bacteremia and bacteriuria. This study aimed to investigate the use of blood
and urine cultures and incidences of bacteremia and bacteriuria in a hospital in Thailand.

Medical records of patients admitted from 2016 to 2018 were randomly selected and data in the records were
anonymously extracted for investigation.

From 12 000 records, data on blood and urine cultures were extracted from 9% and 4% of them, respectively.
The negative rate of blood culture was 87.48%. Bacteremia was detected in 10.22%. The positive rate of urine
culture was 27.38% and the contamination rate was 31.26%. Escherichia coli was the most common cause
of community-onset bacteremia and bacteriuria. Methicillin-resistant coagulase-negative staphylococci and
Acinetobacter baumannii were the most common cause of hospital-acquired bacteremia while yeasts were the
most common cause of hospital-acquired UTI.

A high negative rate of blood culture may result not only from its low sensitivity but also from liberal test use
to identify sepsis in some conditions. Improper urine collection is the main problem with use of urine culture.

Bacteremia ¢ Bacteriuria ¢ Clinical Laboratory Techniques ¢ Sepsis

https://www.basic.medscimonit.com/abstract/index/idArt/924204

%2267 %6 MZIZ %41

Indexed in: [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

€924204-1




CLINICAL RESEARCH

Background

Blood culture is a clinical laboratory test used to detect bacte-
remia in patients suspected of having sepsis. Due to the dan-
gers of under treatment and high mortality associated with
bacteremia and the concern about using inappropriate anti-
biotics, blood cultures are expected to be liberally used [1,2].
However, as a culture-based method, blood culture has some
limitations, including low sensitivity and long time to positiv-
ity [3,4]. The results may be negative in patients with sepsis
because of a very low number of circulating microbes, fastid-
ious microorganisms, uncultivable organisms, and antibiotic
treatment initiated before blood sampling [3-6]. Consequently,
use of blood culture for sepsis may be limited and identifica-
tion of the condition may rely on clinical signs and other more
rapid tests, including complete blood count and serum lactate.
Indeed, sepsis has recently been defined as presence of fever,
leukocytosis (white blood cell [WBC] 12,000 cells/mm3) or
leucopenia (WBC <4,000 cells/mm?3), neutrophilia (neutrophils
>80%), and hyperlactatemia (serum lactate >2 mmol/L) [5-8].

Bacteremia may be detected from the blood of patients col-
lected within 48 hours after admission, which is called commu-
nity-onset bacteremia [9,10]. Sources of infection in this bac-
teremia may be severe localized or systemic infections, which
cause bacteria to enter the bloodstream through the lymphatic
system [11]. Some hospitalized patients may get an infection
including sepsis while receiving medical care because of their
illness and compromised immune system, and blood culture
performed more than 48 h after admission may be positive,
which is called hospital-acquired bacteremia [12]. Unlike com-
munity-onset bacteria, the main sources of infection in hos-
pital-acquired bacteremia are an invasive device, particularly
central line catheters, and some invasive procedures [12,13].

Urine cultures are a useful tool for identifying bacteriuria in pa-
tients suspected of having urinary tract infection (UTI). Although
not a life-threatening condition, UTI is among the most com-
mon bacterial infections acquired in both the community and
hospitals [14,15]. In addition, urine can be collected easily and
noninvasively. For these reasons, urine culture also may be ex-
tensively used. It does not, however, produce rapid results be-
cause of the time required for organisms to grow on specific
media [5], which may restrict its utilization. Clinicians may use
urinalysis to predict bacteriuria before turning to urine culture.
However, the association between results of urinalysis, spe-
cifically nitrite and leucocyte esterase [LE], and bacteriuria is
still in doubt. Some reports indicate that urinalysis is not a re-
liable predictor of bacteriuria [16,17], whereas others suggest
that urine may not be necessarily obtained for culture if the LE
and nitrite are negative [18,19]. Like bacteremia, bacteriuria
can be either community-onset or hospital-acquired, depend-
ing on the timing of detection of bacteriuria after patients
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are admitted to the hospital. A previous report indicates that
prevalence of community-onset bacteriuria is high in women
and the elderly whereas hospital-acquired bacteriuria is de-
tected frequently in hospitalized patients who have been cath-
eterized for at least 24 hours during their hospital stay [20].

This study aimed to investigate use of blood and urine cul-

tures and incidences of bacteremia and bacteriuria in a hos-
pital in Thailand.

Material and Methods

This retrospective study was approved with a waiver of in-
formed consent by the Srinakharinwirot University Ethics
Committee for Human Research. It was conducted at the HRH
Princess Maha Chakri Sirindhorn Medical Center, Nakhon Nayok,
Thailand. Medical records of patients admitted from January
2016 to December 2018 were sorted by their admission num-
ber and randomly sampled. Twelve thousand records were se-
lected. Data on patient sex and age, diagnosis, admission date,
time laboratory tests were ordered, and the laboratory tests
and their results were anonymously extracted from the records.

According to the standard guideline [21], data on blood cul-
ture were extracted when the cultures were performed from
a set of two or three blood samples obtained simultaneously
from different venipuncture sites for each order. Positive re-
sults were defined as at least one blood sample with non-com-
mensal bacteria or a mixed growth of two bacteria with pre-
dominant species. Negative results were defined when there
was no growth after incubation for 5 days. Contamination was
defined when a commensal organism or mixed microbial flora
with no predominant organism was detected. Positive urine
culture results were defined as growth of >10° colony form-
ing units per milliliter (CFU/mL) of a single microorganism or
a mixed growth of two bacteria with predominant species in
similar proportions at >10° CFU/mL. Negative results were de-
fined as no growth after incubation for 2 days. Contamination
was defined as growth of >10° CFU/mL of a commensal organ-
ism, mixed growth of microbial flora with no predominant or-
ganism, or growth of <10° CFU/mL except growth of the same
bacteria as the consecutive previous positive one, which was
defined as positive.

Statistical analyses were performed using Microsoft Excel 2019
version 16.0.6742.2048. Intergroup comparisons were made
using the chi-square (x? test. Statistical significance was de-
fined as p<0.01.
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Table 1. Patient characteristics.
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Characteristic Blood culture Urine culture
(N, %) (N, %)

Total cases 1052 (8.77%) 510 (4.25%)
CMale s47 (5200% N8 @275%
CFemale s05 (ago0%w) 202 (5725%
CAgeo-20yeas 2 @ow a5 8%
nge2i-q0yeas 61 (1s30% 60 (1176%)
Agear-eoyeas 80 6620 125 (a51%
Agesl-goyeas m @0 187 G667%)
Agesi-l02yeas 158 (1502%) 03 (1824%)

Results

From 12 000 medical records, there were 6734 female and
5266 male patients, aged between a few months to 102 years
with an average age of 52.08 years (SD=21.29). Data on blood
and urine cultures were extracted from 1052 and 510 records;
the average ages of these patients were 60.46 years (SD=19.69)
and 59.52 years (SD=23.23), respectively. Other patient char-
acteristics are presented in Table 1.

Sepsis was suspected in 13 cases and community-onset bac-
teremia was detected in nine of them (69.23%). Culture was
also obtained within 48 hr after admission in 898 cases with
other diagnoses; bacteremia was found in 97 of them; regard-
ing the diagnoses, bacteremia was detected in small propor-
tions of patients with each diagnosis (Figure 1). The first epi-
sode of blood culture was obtained after admission over 48 h
in 141 cases; 19 of them had hospital-acquired bacteremia.

When multiple episodes of blood cultures were reviewed as
independent events, there were 1041 blood sample sets ob-
tained for culture within 48 h after admission and 876 sets
obtained after admission over 48 h. Most of the results (1677
sample sets, 87.48%) were negative. Contamination was detect-
ed in 44 sample sets (2.30%). Community-onset and hospital-
acquired bacteremia were found in 117 and 79 sample sets,
respectively; in total, 10.22% were positive. Identified bacteria
are listed in Table 2. Rates of community-onset and hospital-
acquired bacteremia were 11.24% and 9.02%, respectively,
which were non-significantly different [%2=2.556, p=0.1099]. As
shown in Table 3, there was a statistically significant associa-
tion between blood culture results and percent of neutrophils.

Urine samples were obtained for culture within 48 h after ad-
mission in 405 cases. UTI was suspected in 135 of them and
61 of these cases (45.19%) had bacteriuria. UTI was sought
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as a source of sepsis in six cases; bacteriuria was detected
in one of them (16.67%). Community-onset bacteriuria was
also detected in 66 cases of other diagnoses, as shown in
Figure 2. The first urine sample was collected for culture after
admission over 48 h in 105 cases; 17 of them had hospital-
acquired bacteriuria.

A total 422 urine samples were obtained for culture with-
in 48 h after admission and 301 were collected after admis-
sion over 48 h. No growth was totally reported in 299 cases
(41.36%). Community-onset bacteriuria was detected in 135
samples and hospital acquired bacteriuria was detected in 63
samples, leading to a total positive rate of 27.38%; identified
microorganisms are listed in Table 4. The rate of community-
onset bacteriuria (31.99%) was significantly higher than the
rate of hospital-acquired bacteriuria (20.93%) with the y? of
10.808 and p=0.0005.

As shown in Table 5, the rate of contamination of midstream
voided urine was significantly higher than that for catheter-
ized urine. In total, contamination was detected in 226 cas-
es (31.26%). These patients had an average age of 59 years
(mode=80 years). Results of urine nitrite and LE were signifi-
cantly associated with results of urine culture (Table 6).

Discussion

As a tropical country, Thailand is expected to have a high in-
cidence of infectious diseases including sepsis and UTI, but
these two conditions were not often diagnosed in this com-
munity. Blood and urine cultures were used broadly, thus
the limitations of a culture-based method did not restrict
their use. Blood culture was used to support sepsis diagno-
sis in only 13 cases and the remaining cases, it was used to
screen for sepsis in other illnesses, mainly respiratory tract
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Figure 1. (A, B) Bacteremia detected in certain diagnoses.

infections (Figure 1). Respiratory tract infection has been re-
ported to be the most common site of infection leading to sep-
sis in other regions [22-24] but it was not in this community,
which might be a result of differences in regional and com-
munity health factors. Bacteremia was infrequently detected
in these cases, but it was notably detected in cases of some
local infections, cancers, and chronic hepatobiliary disease
(Figure 1). In chronic hepatobiliary diseases, weakness of liv-
er cells and disability of their functioning, specifically synthe-
sis of immune-mediated cytokines and impairment of bile se-
cretion, can increase risk of ascending bacterial invasion from
the intestine [25,26]. According to previous reports [12,27,28],
cancer is one of the most frequent preexisting comorbidities
leading to bacteremia, particularly in patients receiving long-
term immunosuppressive therapy.
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Blood culture was repeatedly used in patients hospitalized for
long periods. According to a previous report, risk of contract-
ing bacteremia and subsequently having a blood culture tak-
en increases with length of hospital stay [29]. Sepsis due to
intravascular device or hospital-acquired infection reportedly
is associated with the highest number of positive blood cul-
tures [30], but some reports show that in most cases, sepsis was
present on admission or had community onset [22,31]. In this
Thai community, there was no significant difference between
the rate of community-onset and hospital-acquired bacteremia.

The positive rate of blood culture was 10.22%, which was
similar to that in previous reports [2,32,33]. Only one bac-
terium was identified in almost all positive cases, which is
in accord with a previous report [11]. The most common
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Table 2. Bacteria identified in community-onset and hospital-acquired bacteremia.

Bacteria

Number of blood sample (N, %)

Escherichia coli

Enterococci

(35.04%) 11 (13.92%)
(13.68%) 8 (10.13%)
(13.68%) 4 (5.06%)
(5.13%) 1 (1.27%)
(4.27%) 4 (5.06%)
(4.27%) 17 (21.52%)
(4.27%) 2 (2.53%)
(4.27%) 7 (8.86%)
(3.42%) 16  (20.25%)
(3.42%) 6 (7.59%)
(3.42%) 2 (2.53%)
(2.56%) 0
(1.71%) 0
o 0, . 0
(0.85%) 1 (1.27%)

MRCoNS — metbhicillin-resistant coagulase-negative staphylococci.

Table 3. Associations between results of blood culture and other related tests.

Blood culture (N)

Neutrophils <80% 16 263
———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 18.5640 <0.0001
Neutrophils >80% 51 244
_ WBC <4000 cells/mm® o % 3.5934 0.0580
WBC 4000-12000 cells/mm? 34 297 i
WBC »>12000 cells/mm?3 26 184 B2l tasas
Lactate <2 mmol/L 27 182
———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 5.4355 0.0197
Lactate >2 mmol/L 10 24

WBC — white blood cell.

cause of community-onset bacteremia was Escherichia coli
(E. coli) (Table 2), as has been noted in previous reports [29,31]
and the most common causes of hospital-acquired bacteremia
were methicillin-resistant coagulase-negative staphylococci
(MRCoNS) and Acinetobacter baumannii, which were reported
as a genre of pathogenic bacteria responsible for infections in
patients with diminishing immune response [12,13].

As shown in Table 3, there were nonsignificant associations
between blood culture results and both the number of white
blood cells and serum lactate concentrations. As previously re-
ported, leukocytosis alone is a poor predictor of bacteremia and
not an indication for obtaining blood cultures [34]. Likewise,
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increased serum lactate levels represent tissue hypoperfusion
associated with signs of organ dysfunction in various condi-
tions, including sepsis [5,35]. There was a significant associa-
tion between blood culture results and the percent of neutro-
phils, however, as presented in Table 3, bacteremia was also
detected in 16 cases without neutrophilia. This should not oc-
cur in a life-threatening condition such as sepsis.

Although urine culture is indicated to support diagnosis of UTI,
it was also used to screen for UTI in cases of other illness. As
shown in Figure 2, detection of community-onset bacteriuria
was common in cases of UTI as well as in cases of prostatic
hyperplasia, chronic bone/joint disease, critical illness, and
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Figure 2. Bacteriuria detected in certain diagnoses.

Table 4. Microorganism identified in community-onset and hospital-acquired bacteriuria.

Number of urine sample sets (N,%)
Microorganism

Escherichia coli 93 (68.89%) 18 (28.57%)

Yeasts 2 (1.48%) 22 (34.92%)

Total samples

(N)
Catheterized 291 140 88 63
———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 24.490 <0.0001
Voided 362 139 79 144
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Table 6. Associations between results of nitrite/leucocyte esterase (LE) and urine culture.

Urine culture (N)

Test result

Nitrite positive 39
| Nitite negative & 1
lEpostve 100 1
LEnegatve 1.

<0.0001

<0.0001

unspecified diagnosis. When patients’ bones and joints do not
work properly, they may delay urination, leaving themselves
vulnerable to UTI. The high rate of bacteriuria in cases with
unspecified diagnoses may be related to patient age because
most patients in this group were elderly with an average age
of 60 years (mode=78 years). As previously reported, clinical
presentations of UTl in elderly patients are difficult to assess
due to impaired communication and the frequent presence of
chronic symptoms [36,37].

Urine culture had a high rate of contamination, which often
led to repetitive urine culture. Contamination rates were sig-
nificantly higher in cultures of midstream voided urine than
in catheterized urine, in accord with a previous report [38].
This finding may also be related to patient age because 52%
of these cases were aged over 60 years. Most elderly patients
have physical impairments that cause inherent difficulty in
self-urine collection, therefore, more invasive collection meth-
ods are required to establish a reliable diagnosis [20,38-40].

The most common causative bacterium in both community
onset and hospital acquired bacteriuria was E. coli (Table 4),
in keeping with previous reports [17,41,42] but Candida spp.
or yeasts were the most common cause of hospital-acquired
UTI. Yeasts are normal flora in the urinary tract of healthy in-
dividuals but can overgrow and become uropathogenic in im-
munocompromised hosts, including hospitalized patients, par-
ticularly those with urinary catheters [12,43].
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As seen in Table 6, results of testing for LE and nitrite were
significantly associated with bacteriuria. These findings sup-
port a previous suggestion that when LE or nitrite are nega-
tive, the likelihood is that a urine culture obtained from the pa-
tient will also be negative, and urine culture can be restricted
to reduce cost and the number of specimens that need to be
cultured in a tedious and time-consuming procedure [18,19].

Conclusions

A high negative rate of blood culture may be a result not only
of the test’s low sensitivity but also of test use to screen for
sepsis in various illnesses. Bacteremia is often detected in pa-
tients with certain local infections, chronic hepatobiliary dis-
ease, and cancers. Urine cultures can be used more appropri-
ately if samples are collected properly. Besides UTI, bacteriuria
is often found in cases with urinary tract obstruction, partic-
ularly prostatic hyperplasia, chronic bone and joint diseases,
critical illness, and unspecified illnesses. E. coli is the most com-
mon cause of community-onset bacteremia and bacteriuria.
MRCoNS and Acinetobacter baumannii are the most common
cause of hospital-acquired bacteremia while yeasts are the
most common cause of hospital-acquired UTI.
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