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ABSTRACT:

The evaluation of urine samples by Gram staining and matrix assisted laser desorption/
ionization time-of-flight mass spectrometry (MALDI-TOF MS) in rapid diagnosis of urinary tract
infections

Objective: The aim of this study was the evaluation of the efficacy of examination of urine samples by Gram staining
and MALDI-TOF MS system.

Materials and Methods: A total of 251 out of 555 urine samples sent for culture to Sisli Hamidiye Etfal Training and
Research Hospital Clinical Microbiology Laboratory between September 14 to September 18, 2015 were randomly
selected and included in the study. Detection of pure bacterial growth of >105CFU/ml was aimed by using Gram staining
and MALDI-TOF MS. Urine samples yielding at least one bacterium in at least five microscopical fields by Gram staining
were tested by MALDI-TOF MS (Bruker Daltonics, Germany). Urine culture was performed by using “Chromagar
Orientation” medium (BD, USA). Culture, Gram staining and MALDI-TOF MS results were compared.

Results: In 28 (11.1%) of the 251 samples tested, bacterial growth of >105 CFU/ml was observed. While single bacterial
agent was isolated in 27 of 28 samples, one sample yielded two different bacterial species. In 25 of 28 samples, bacteria
with a single morphology was observed with Gram staining. MALDI-TOF MS could identify the bacterial agents in 18
of these 25 samples. While bacterial growth of =105 CFU/ml wasn't observed in six samples yielding bacteria with a
single morphology by Gram staining, contamination was observed in three samples. When MALDI-TOF MS results were
investigated for these nine samples, it was observed that MALDI-TOF MS gave a result of “Escherichia coli" in one of
the contaminated samples and no result was obtained in the remaining eight samples. When the culture is considered
as the gold standard, three false-negative and nine false-positive results were observed by Gram staining while 10
false-negative and one false-positive results were observed by MALDI-TOF MS. The sensitivity, specificity, and positive
and negative predictive values were 89.2%, 95.9%, 73.5%, and 98.6%, respectively, for Gram staining, and 64.2%,
99.5%, 94.7%, and 95.6%, respectively, for MALDI-TOF MS.

Conclusions: Combined use of Gram staining and MALDI-TOF MS in the direct testing of urine samples has allowed
bacterial identification for more than half of the samples yielding bacterial growth of >105CFU/ml in culture,within
two hours after receipt of the samples in the laboratory, with high specificity, and positive and negative predictive
values. The use of MALDI-TOF MS with higher sensitivity rates will be useful in the diagnosis of urinary tract infections.
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OZET:

Idrar yolu enfeksiyonlarinin hizl tanisinda idrar 6rnedinin gram boyama ve matriks aracili
lazer desorpsiyon iyonizasyon - ucus zamanli - kiitle spektrometrisi (Maldi - Tof Ms) ile
incelenmesinin etkinligi

Amag: Bu calismada, idrar yolu enfeksiyonlarinin hizl tanisi i¢in idrar érneginin Gram boyama ve MALDI-TOF-MS
sistemiyle incelenmesinin etkinliginin degerlendirilmesi amaglanmistir.

Gereg ve Yontem: Sisli Hamidiye Etfal EGitim ve Arastirma Hastanesi Laboratuvarina 14 Eyliil-18 Eylil 2015 tarihleri ara-
sinda kiiltiir icin génderilen 555 idrar érneginin 251'i rastgele secilerek calismaya alindi. Gram boyama ve MALDI-TOF-
MS'le =105CFU/ml saf bakteri Giremesinin tespiti hedeflendi. En az bes alanda, en az bir bakteri gériilen idrarlar MALDI-

TOF-MS'le (Bruker Daltonics, Almanya) ile test edildi. Kiltar, “Chromagar Orientation” besiyerinde (BD, ABD) yapildl. 'Sisli Hamidiye Etfal Training and Research
Bulgular: Calisilan 251 6rnedin 28'inde (%11.1) 2105CFU/ml tireme oldu. 28 6rnedin 27'sinde tek etken izole edilirken, Hospital, Microbiology Laboratory,
bir 6rnekte iki etken mevcuttu. 28 6rnedin 25'inde Gram boyamayla tek morfolojide bakteri gériildi. MALDI-TOF- Istanbul - Turkey

MS'le bu 25 6rnedin 18'inde bakteri tanimlanabildi. Gram boyamayla tek morfolojide bakteri gérilen alti 6rnekte
>105CFU/ml Greme olmazken, ti¢ 6rnekte kontaminasyon mevcuttu; bu dokuz 6rnedin MALDI-TOF-MS sonuglari

degerlendirildiginde, MALDI-TOF-MS kontamine drneklerin birinde “Escherichia coli" sonucunu verdigi, bunun digin- Address reprint requests to / Yazisma Adresi:
daki sekiz 6rnekte sonuc alinmadigi gériildi. Kiiltir altin standart alindiginda; Gram boyamayla (¢ yalanci-negatif, Ummuhan Su Topalca,
dokuz yalanci-pozitiflik, MALDI-TOF-MS'le 10 yalanci-negatif, bir yalanci-pozitiflik gézlendi. Gram boyama icin duyar- Sisli Hamidiye Etfal Training and Research

lilik %89.2, 5zqilliik %95.9, pozitif kestirim dederi %73.5, negatif kestirimdegeri %98.6 iken, MALDI-TOF-MS icin r‘?SPgal'v_wcrfb‘O'oqy Laboratory,
duyarlilik %64.2, 5zqillik %99.5 pozitifkestirim degeri %94.7, negatif kestirim degeri %95.6 olarak belirlendi. stanbut = Turkey
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INTRODUCTION

Urinary tract infections (UTlIs); count the majority
of infections both in patients under outpatient follow-
up and in inpatients. UTI is an important infectious
disease in the group of patients with underlying
disease/with immunosuppression and in the
immunocompetent population, from infancy to the
elderly (1). The prevalence of UTIs varies
geographically, and the major risk factors include
advanced age, prior history of UTI, and diabetes
mellitus (2). It has been reported that 4.1-7.5% of
severe bacterial infections in children with fever are
associated with urinary tract infections. However, the
majority of patients with UTIs are women, with a
lifetime experience rate of about 50% this infection.
While the UTI rate is 5% in young women and 0.1%
in young men, this rate is over 20% in women and
10% in men over 65 years. While there is an increased
risk of invasive or systemic infection in certain groups
of patients, such as men, children, and pregnants,
disease complications are more frequent in elderly
patients, in immunosuppressive patients, and in
patients with neurological disorders or underlying
diseases.

UTI most commonly occurs when bacteria in
the patient’s own intestinal flora reach the urinary
tract from the urethra by ascending way. The most
common etiologic factor in children and adolescent
populations is, Escherichia coli, which is present
predominantly in the faeces and has specific
virulence factors such as the ability to adhere to the
uroepithelial cells. Klebsiella pneumoniae,
Enterococcus faecalis, Staphylococcus
saprophyticus are other important pathogens that
play a role in urinary tract infections (1-3).

Considering that UTIs are associated with
significant morbidity, mortality and cost, it is crucial
for the laboratory to obtain rapid and significant
results, early recognition of these infections and early
initiation of appropriate treatment and avoidance of
unnecessary antibiotic use (1-5).

Culture is the gold standard in the diagnosis of
urinary tract infections. However, reporting of culture
results lasts two to three days. Gram staining is useful
when the number of bacteria in the specimen is high,

while it gives an idea of bacterial morphology, it is
not sufficient for identification (6). Matrix-assisted
Laser Desorption lonization-Flight Time-Mass
Spectrometry (MALDI-TOF MS), which is a fast
automated identification system that has been used
in clinical microbiology laboratories in recent years,
is based on the unique proteomic fingerprint peak
patterns of microorganisms themselves. With MALDI-
TOF MS, results can be obtained in minutes using a
single colony of the microorganism growing in the
culture in MS. There are limited studies on the use of
MALDI-TOF-MS in direct clinical specimens.
Sensitivity rates range from 50% to 90% in these
studies (7-16).

The aim of this study was to evaluate the efficacy
of examination of urine samples by Gram staining
and MALDI-TOF MS system.

MATERIAL AND METHOD

Randomly selected 251 of the 555 urine samples
sent for culture between September 14 and September
18, 2015 were studied at the laboratories of Sisli
Hamidiye Etfal Training and Research Hospital. 2105
CFU/mL of pure bacterial growth with Gram staining
and MALDI-TOF-MS was targeted.

Samples were evaluated by Gram staining
without centrifugation. Leukocytes were rated as
+:<1/LPF, 2+: 1-9/LPF, 3+:10-25/LPF and 4+:>25/
LPF at 100X magnification (LPF). Bacteria were
examined at 1000X magnification (OIF) (17). The
presence of leukocyte and bacteria were noted.
Urine with single morphology bacteria in Gram
staining were tested with MALDI-TOF-MS (Bruker
Daltonics, Germany). The urine with bacteria with
more than single morphology were not evaluated
with MALDI-TOF-MS.

The analysis with MALDI-TOF-MS was based on
the method described by Kim et al. (7); the sample
amount was modified to 1.5 ml instead of 3 ml.
According to this method, 1.5 mL of urine sample for
testing with MALDI-TOF-MS was taken in eppendorfs
and centrifuged at 2000 g for 30 seconds to remove
leukocytes. The resulting supernatant was centrifuged
at 14000 g for 10 minutes and the pellet formed after
this centrifugation was washed with deionized water.
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1.5 ml of 0.1% sodium dodecyl sulfate (SDS) was 41 had contamination. Of the 28 samples, single

added to the pellet and incubated at 37°C for 10 agent was isolated from 27, while one sample
minutes. After centrifugation and washing at 14000 g contained two agents (20 E. coli, 3 K. pneumoniae, 1
for 10 minutes, the formed pellet was spread to the Citrobacter koseri, 1 Proteus mirabilis, 1 E. coli-
areas over the “target” of the MALDI-TOF-MS device Streptococcus gallolyticus, 1 Streptococcus
and left to dry. 1 microliter matrix was added and agalactiae, 1 E. faecalis). Only bacteria with single

tested with MALDI-TOF-MS after drying. Analysis morphology was seen in 25 of 28 samples with Gram
was performed with MALDI Biotyper 3.1 software staining (Table-1).

(Bruker Daltonics, Germany). Bacteria could be identified in 18 of these 25
Culture was performed simultaneously on samples with MALDI-TOF-MS. There was no growth
“ChromagarOrientation” medium (Becton Dickinson, of 2105 CFU/ml in six samples with bacteria with
USA). The urine samples were quantitatively plated, single morphology with Gram staining, while three
and the plates were incubated overnight at 37°C. samples were contaminated; when the results of
Conventional methods for identification procedures, MALDI-TOF-MS in these nine samples were
BD Phoenix™ (Becton Dickinson, USA) examined, it was observed that MALDI-TOF-MS
automatization system and MALDI-TOF-MS system, showed “E. coli” as the result in one of the
were used. contaminated samples and no results were obtained
in the other eight samples. When culture is taken as

RESULTS gold standard; Three false-negativity, nine false-

positivity with Gram staining, 10 false-negativity, and
Of the 251 cases studied, 98 were children and one false-positivity with MALDI-TOF-MS were

153 were adult patients. 14.7% of the patients were observed (Table-1). Six of the 10 isolates unidentifies
women between 15-45 years of age. 92.4% of the with MALDI-TOF-MS were E. coli, two were K.
samples belonged to outpatient clinics and 7.6% pneumoniae, and two were E. faecalis.

belonged to hospitalized patients. In 251 cases, 28 When the culture is taken as gold standard, the
(11.1%) had 2105 CFU/ml of growth. Of the remaining sensitivity, specificity, positive and negative
223 samples, 134 showed no growth, 48 had few predictive values obtained for Gram staining and
bacterial or genitourinary system flora elements, and MALDI-TOF-MS are shown in Table-2.

Table-1: Culture, Gram staining and MALDI-TOF MS results for the samples included in the study

Culture*

Positive Negative Total

Gram staining** Positive 25 9 34
Negative 3 214 217

Total 28 223 251

MALDI-TOF MS Positive 18 1 19
Negative 10 222 232

Total 28 223 251

*Culture positivity for this study was accepted as 100,000 CFU/mI pure growth. **At least one bacterium with single morphology seen in at least five fields in Gram staining were
evaluated as positive.

Table-2: According to the culture; sensitivity, specificity, positive and negative predictive values of Gram staining
and MALDI-TOF MS

Sensitivity Specificity PPV NPV
Gram staining 89.2% 95.9% 73.5% 98.6%
MALDI-TOF MS 64.2% 99.5% 94.7% 95.6%

PPV; pozitive predictive value, NPV, negative predictive value
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DISCUSSION

Urinary tract infections are the most common
infections in medical practice. Considering that
urinary tract infection is the leading cause in sepsis
etiology, the importance of rapid diagnosis of
infection emerges. Although E. coli is the most
frequent pathogenic microorganism, the importance
of rational antimicrobial use due to the increase in
antimicrobial resistance rates today, short-term
identification of the causative microorganism and
the treatment planning based on the possible
susceptibility profiles is critical (18).

Gram stain preserves its value for rapid diagnosis
when the number of bacteria in the sample is high.
The appearance of one organism in each immersion
area is compatible with growth of 105 CFU/ml. Gram
staining is not enough for identification, even though
it gives an idea of bacterial morphology. MALDI-
TOF-MS, which has been started to be used in clinical
microbiology laboratories in recent years, is able to
identify microorganisms in a short period of time
from microorganism colonies produced in culture,
and studies regarding their use in direct clinical
specimens such as blood and urine specimens are
improving (7-16,19). In our study, Gram staining and
MALDI-TOF MS were used together to identify urine
samples first with potential for bacterial growth by
Gram staining, then for identification of bacteria in
urine with single bacteria, MALDI-TOF MS was used.

In the study of Ferreira et al. (9), which they
performed identification by MALDI-TOF MS through
direct urine sample is one of the first in the literature.
Identification from a direct clinical sample is carried
out with pellets obtained after several successive
centrifugation steps and the methods in the literature
show differences such as centrifugation time/cycle,
short-term incubations, use of SDS or Tween-80 which
have detergent-effect during the formation of this
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