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ABSTRACT

Purpose: The aim of this study was to develop a useful algorithm based on complete blood count (CBC), urinalysis, and 
biochemical parameters that could be an alternative to Gram staining in the prediction of UTI and the determination of 
initial antibiotic treatment in ICU patients. 

Methods: All the specimens included in the study were obtained from ICU patients and were subjected to Gram staining in 
the laboratory. Simultaneously, CBC, urinalysis, and biochemical tests were performed for each specimen. A classification 
based on biochemical parameters was performed for the estimation of Gram-negative and Gram-positive bacteria, as an 
alternative to Gram staining. 

Results: Classification was achieved using multiple classification systems including Artificial Neural Networks (ANN), 
Support Vector Machine (SVM), the K-Nearest Neighbors (KNN), and Decision Tree Language (DTL) and the best 
classification performance was achieved by ANN, with an accuracy of 84.6%, a sensitivity of 88.5%, and a specificity of 
73.5%.

Conclusion: The high specificity and accuracy of the algorithm indicated that this algorithm can be effectively used in 
the selection of empirical antibiotic treatment for ICU patients with UTI and can provide more advanced and technological 
opportunities by combining laboratory parameters with machine learning techniques.
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İdrar Yolu Enfeksiyonu olan Yoğun Bakım Hastalarında Biyokimya Parametreleri Kullanarak Makine 
Öğrenmesi ile Gram boyama tahmini

ÖZET

Amaç: Bu çalışma, yoğun bakımda yatan ve idrar yolu enfeksiyonu bulunan hastalarda başlangıç tedavi seçimine rehberlik 
etmek için Gram boyamaya alternatif olabilecek, biyokimya tetkikleri ile oluşturulmuş makine öğrenmesi algoritmalarının 
etkililiğine odaklanmıştır.

Yöntem: Çalışmaya alınan örnekler laboratuvardan Gram boyama isteği yapılmış ve Gram boyamaya eş zamanlı TİT, CBC 
ve CRP isteği yapılmış 203 yoğun bakım hastasından geriye yönelik oluşturulmuştur. Çalışmada, biyokimya laboratuvar 
parametreleri kullanarak Gram boyamaya alternatif, Gram-negatif ve Gram-pozitif bakteri tahmini için sınıflandırma 
yapılmıştır. 

Bulgular: Sınıflandırmada ANN (Artificial Neural Networks), SVM (Support vector machine), KNN (K-Nearest Neighbors), 
DTL (Decision Tree Learning) gibi birçok sınıflandırıcı kullanılmış olup, en yüksek sınıflandırma başarısına ANN ile 
ulaşılmıştır. Sınıflandırma sonucu ANN ile %84.6 Acc, %88.5 Sn, %73.5 Sp değerlerine ulaşılmıştır.

Sonuç: Özellikle algoritmanın yüksek özgüllüğü ve doğruluğu, yoğun bakım hastalarında idrar yolu enfeksiyonu ampirik 
antibiyotik tedavisi seçiminde kullanılabileceğini, laboratuvar testlerinin makine öğrenmesi metotları ile harmanlanarak 
daha gelişmiş ve teknolojik imkanlar sağlayabileceğini göstermiştir.

Anahtar sözcükler: İdrar yolu enfeksiyonu, Makine Öğrenmesi, Biyokimya, Gram boyama, Yoğun Bakım Hastaları
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Urinary tract infections (UTIs) are the primary cause 
of sepsis in an intensive care unit (ICU) and uro-
sepsis can be seen in up to 16% of ICU patients. 

Catheter-associated UTI is the most common cause of 
ICU-acquired infection and accounts approximately for 
40% of hospital-acquired infections (1-5). Additionally, UTI 
has been shown to be the most common infection in ICU 
patients (4).

Prompt treatment with an effective antibiotic therapy will 
decrease the mortality risk in patients suspected of (not 
with) sepsis (6). In this regard, appropriate antibiotic se-
lection criteria are highly important in terms of both treat-
ment and antibiotic resistance.

Gram-negative bacteria (GNB) are the most common or-
ganisms causing ICU-acquired UTI. Primary risk factors in 
these patients include catheterization, length of stay in 
ICU, ineffective antibiotic use, and gender. In the empirical 
antibiotic therapy in patients with suspected ICU-acquired 
UTI, the initial choice of antibiotics usually covers GNB and 
includes aminoglycosides, β-lactam, and a β-lactamase 
inhibitor or carbapenem antibiotics. However, it often 
does not cover Gram-positive bacteria (7). 

In the patients with ICU-acquired UTI, the selection of 
appropriate organism-based antibiotics can be life-saving 
at the early stages of the infection. Moreover, it can also 
preserve the effectiveness of existing antibiotics, thereby 
slowing down the development of antibiotic resistance 
which has increased in recent years. The World Health 
Organization (WHO) published a global action to optimi-
ze the use of antimicrobial agents and to improve aware-
ness and understanding of antibiotic resistance. In addi-
tion, although administering empirical antibiotics within 
a few hours after hospital admission reduces mortality in 
critically ill patients, it may have adverse effects on broad-
spectrum antibiotic resistance (7-10).

Although culture specimens obtained from ICU patients 
are the golden standard for identifying organisms res-
ponsible for UTI, it takes approximately 48-72 hours to 
obtain the results of culture and antibiotic susceptibility 
tests. Accordingly, shortening this time period and initia-
ting the initial effective and rapid treatment according to 
Gram staining results is highly important.

Transportation of the specimens obtained for Gram sta-
ining to the laboratory and their processing and micros-
copic examination are time-consuming activities that 

increase laboratory workload. For this reason, careful and 
early detection of the infection and prompt initiation of 
appropriate antibiotic treatment for the causative agent 
will increase the success of the treatment and will also re-
duce the complications.

Artificial intelligence can be effective in the improvement 
of healthcare services due to its effect on modeling and 
decision-making processes. In addition to the growing 
importance of evidence-based medicine applications, 
various machine learning systems can perform clinical di-
agnosis and even offer treatment recommendations (11). 
The number of promising studies conducted on this issue 
is increasing continuously (12,13).

The aim of this study was to develop a useful algorithm 
based on complete blood count (CBC), urinalysis, and 
biochemical parameters that could be an alternative to 
Gram staining in the prediction of UTI and the determi-
nation of initial antibiotic treatment in ICU patients and 
could provide faster results and thus could reduce the 
workload of laboratories. This algorithm will be a cost-
effective technological alternative to Gram staining and 
culture analysis and even to the algorithms used for pre-
dicting antibiotic resistance and will also shed light on 
studies investigating personalized prediction algorithms. 
Additionally, to our knowledge, there has been no study 
reporting on the determination of bacterial species in UTI 
by machine learning methods using CBC, urinalysis, and 
biochemical parameters.

MATERIALS AND METHODS
This study was conducted through a collaboration bet-
ween Elazig City Hospital Biochemistry and Microbiology 
Departments and Fırat University Software Engineering 
Department. This retrospective study was performed by 
analyzing the data obtained from the laboratory infor-
mation system in Elazig Fethi Sekin City Hospital that had 
been recorded between March 2019 and May 2020. 

All the specimens included in the study were obtained 
from ICU patients and were subjected to Gram staining 
in the laboratory. Simultaneously, complete blood count 
(CBC), urinalysis, and biochemical tests were performed 
for each specimen. Patients with negative Gram staining 
results and patients whose biochemistry tests were not 
conducted at the same time with Gram staining were 
excluded from the study. The 202 patients included in the 
study comprised 108 women (age, 18-97 years) and 94 
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men (age, 18-95 years). The demographical characteristics 
of the patients are shown in Table 1.

Table 1. Demographical characteristics of the patients

Min Max Median Interquartiles 
(25%-75%)

AGE 18 97 76 59,2-83

WBC 4,6 31,2 10 8,0-12,6

NEU 1,86 29,8 6,57 4,96-9,47

LYM 0,2 8,51 1,66 1,10-2,48

MON 0,16 3,24 0,71 0,55-1

EOS 0,001 4,15 0,14 0,04-0,3

BAS 0,001 0,69 0,06 0,04-0,1

USGT 1.002 1.033 1.013 1.011-1.018

Ph 5 9 6,5 5,5-7,5

CRP 1,07 458 62,05 23,6-102

WBC: White Blood Cell, NEU: Neutrophil, LYM: Lymphocyte, MON: Monocyte, 
EOS: Eosinophil, BAS: Basophile, USGT: Urine Spesific Gravite Test, CRP: C 
Reactive Protein

Complete blood count (CBC) was performed using a 
Unicel DXH-800 hematology analyzer (Beckman Coulter, 
Inc., Brea, CA, USA). CRP levels were analyzed by the 
spectrophotometric method using an Image 800 analy-
zer (Beckman Coulter, Inc., Brea, CA, USA). Urinalysis 
were performed using the Iris iQ200 Sprint automa-
ted urine microscopy analyzer (Beckman Coulter, Inc., 
Brea, CA, USA). Table 2 presents the reference ran-
ges for CBC, urinalysis, and biochemical parameters.  

Figure 1. Flow diagram used for classification

Table 2. Reference ranges

Parameter Variable Reference Range

CBC

WBC 3.6-11 (10⁹/L)

Neutrophil count 1.7-7.6 (10⁹/L)

Lymphocyte count 1.0-3.2 (10⁹/L)

Monocyte count 0.3-1.1 (10⁹/L)

Eosinophil count 0-0.5 (10⁹/L)

Basophile count 0-0.1 (10⁹/L)

Urinalysis

Density 1.005-1.025

pH 4.5-8

Nitrite Negative

Erythrocyte 0-4

Leukocyte 0-4

Biochemical CRP 0-8 mg/L

WBC: White blood cell count, CRP: C-reactive protein

The extent of positive Gram staining was estimated using 
the measurements of CBC, urinalysis, and biochemical 
parameters. To achieve this, a database was created ba-
sed on the collected data and then classification was 
performed according to the extent of intensity of Gram 
staining using 12 input parameters (CBC, urinalysis, and 
CRP). We selected features that are known to be associ-
ated with urinary tract infection and that are made up 
of routine and easily accessible biochemistry laboratory 
parameters that are studied daily. The classification was 
achieved using multiple classification systems including 
Artificial Neural Networks (ANN), Support Vector Machine 
(SVM), the K-Nearest Neighbors (KNN), and Decision Tree 
Language (DTL) and the best classification performance 
was achieved by ANN. Figure 1 illustrates the flow diag-
ram used for the classification.
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Classification
Artificial Neural Networks (ANN) is an information proces-
sing technology imitating the working and learning skills 
of the human brain (14). To date, numerous algorithms 
related to ANN have been developed and used in many 
areas. In the present study, the CBC, urinalysis, and CRP 
values were classified according to the families of the bac-
teria that caused infection in the urine culture using the 
Backpropagation Neural Network.

Backpropagation is a widely used method for training pa-
rameters in ANN. The generalized delta rule is a method 
that allows some of the difference (error) between the tar-
get values and the network output (error) to be reflected 
back to each training cell and thereby to change the we-
ights according to the error and to repeat this process for 
a certain number of times during the training of backpro-
pagation networks, in attempts to obtain the lowest error 
possible (15). Figure 2 illustrates the structure of backpro-
pagation neural network.

Figure 2. Multilayer backpropagation neural network

The k-fold cross validation was used to minimize distribu-
tion-related errors in the training and testing phase of the 
model proposed in the study. To achieve this, the training 
dataset was randomly divided into k number of subsets, 
whereby k-1 number of subsets were used for training 
and the remaining one subset was used for testing. The 
same procedure was repeated k times and the values ob-
tained at each repetition were summed up and averaged 

and then the performance of the model was calculated. 
Figure 3 illustrates the structure of ANN.

Figure 3. Structure of the ANN model used in the study

Performance evaluation
The performance of the classification was assessed 
using the following parameters: Sensitivity, Specificity, 
Precision, Negative Predictive Value (NPV), False Positive 
Rate (FPV), False Discovery Rate (FDR), False Negative Rate 
(FNR), Accuracy, and F score. Table 3 (16).

Table 3. Performance evaluation criteria

Measure Formula

ACC (TP + TN) / (TP + TN + FN + FP)

SN TP / (TP + FN)

SP TN / (TN + FP)

FPR FP / (TN + FP)

PREC TP / (TP + FP)

F1 2 * PREC * REC / (PREC + REC)

Acc: Accuracy, SN: Sensitivity, SP: Specificity, FPR: False positive rate; PREC: 
Precision: F: F score; TP: True positive: TN: True negative; FP: False positive; FN: 
False negative

Data Analysis
The models used in the study were tested in the Matlab 
R2018b (The MathWorks, Inc. Cambridge, United 
Kingdom) platform on a computer with an i7 9750 H 
CPU, 2.6GHz, 16 GB RAM and Geforce GTX 1050 gCPU. 
Laboratory data analysis (laboratory characteristics of pa-
tients) was performed on Jupyter Notebook using Python 
3.0 (Python Software Foundation, Oregon, USA) program 
with Pandas library.

RESULTS
In the present study, a classification model using ANN, 
SVM, KNN, and DTL with the inputs obtained from bioche-
mical parameters was proposed as an alternative to Gram 
staining for the prediction of UTI in ICU patients. Table 4 
presents the performance of each classifier.
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Table 4. Performance of the classifiers used in the study

SN SP PREC ACC F1

ANN 0.8859 0.7358 0.9041 0.8465 0.8949

SVM 0.7684 0.8333 0.9865 0.7723 0.8639

KNN 0.7228 0.8333 0.9865 0.7290 0.8343

DTL 0.7593 0.4250 0.8425 0.6931 0.7987

SN: Sensitivity, SP: Specificity, PREC: Precision, Acc: Accuracy, F: F score

As seen in Table 3, ANN had the highest accuracy (84.6%) 
and sensitivity (88.5%) values. Additionally, although SVM 
and KNN had the highest precision value (98.7%), ANN 
had the highest F1 value (89.4%).

DISCUSSION
The present study investigated the effectiveness of an ar-
tificial intelligence algorithm of initial treatment selection 
which was created with biochemical parameters and was 
utilized as an alternative to Gram staining in ICU patients 
with UTI. This diagnostic algorithm, which was created ba-
sed on urinalysis, CRP and CBC results will guide empirical 
treatment and the findings of the study will also provide 
clinicians a different alternative in the selection of broad-
spectrum antibiotics without increasing the risk of treat-
ment failure.

Antibiotic resistance remains a serious public health prob-
lem (17). Accordingly, rapid and cost-effective procedures 
developed in line with technological advancements are 
needed to decrease redundant use of broad-spectrum 
antibiotics and thereby to reduce the development of 
antibiotic resistance. The diagnostic algorithm develo-
ped in the present study can be used in ICUs as a useful 
high-potential tool for the selection of broad-spectrum 
antibiotics.

Culture analysis performed for detecting the causative 
agent within several days after hospitalization is the gol-
den standard for the treatment of patients suspected with 
infection. However, in such patients, considering the be-
nefits of prompt treatment, empirical antibiotic therapy 
is the first-line treatment particularly in patients hospi-
talized in ICU. Additionally, empirical antibiotic therapy 
has also been shown to reduce mortality in such patients 
(21-24).

An infection caused by multi-resistant Gram-negative 
bacilli results in significantly higher mortality than an 

infection caused by other pathogens; therefore, know-
ledge of the morphology of the organism in the initial 
treatment plan is of paramount importance. In contrast 
to studies reporting on a moderate correlation between 
Gram staining and culture (19,20), Yoshimura et al. (18) 
examined the effect of Gram staining on initial therapy in 
patients with ventilator-associated pneumonia and pro-
vided the first evidence that Gram staining could reduce 
the use of broad-spectrum antibiotics.

Although enteric bacteria (especially E. coli, Gram-
negative) are responsible for most UTIs, there are a wide 
range of pathogens causing UTI. Of note, Staphylococcus 
saprophyticus, Enterococcus faecalis, and Streptococcus 
agalactiae are the most common causes of Gram-positive 
UTI. On the other hand, antibiotic choices of Gram-
positive and Gram-negative bacteria are different from 
each other (25,26). Accordingly, it is highly important to 
develop diagnostic options that can show these differen-
ces and start treatment promptly to narrow down the tre-
atment options. In such patients, considering the benefits 
of prompt treatment, empirical antibiotic therapy should 
be the first-line treatment particularly in patients hospi-
talized in ICU. Additionally, empirical antibiotic therapy 
has also been shown to reduce mortality in such patients 
(22,27,28).

The algorithm developed in the present study indicated 
that UTI can be predicted in ICU patients based on their 
routine CBC, urinalysis, and biochemical parameters with 
no need for Gram staining. Accordingly, this algorithm is 
appears to be a viable diagnostic option since it is highly 
cost-effective and was developed with a remarkably smal-
ler number of datasets. 

In our study, ANN, SVM, KNN, and DTL were used for clas-
sification. Since the system parameters in models such 
as ANN are problem-dependent, it cannot be predicted 
as to which of the parameters (e.g. number of layers in 
Multilayer Perceptrons [MLP], number of neural proces-
sors in hidden layers, learning coefficient) will provide an 
optimal result. Therefore, a good learning rate to be provi-
ded by these parameters must be discovered via trial and 
error. On the other hand, a comparison between/among 
classifiers are not recommendable, although an algorithm 
is likely to have a propensity for a particular problem.
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Accuracy is calculated as the percentage of correctly 
classified instances to the total dataset; therefore, accu-
racy alone may not be sufficient in imbalanced classes. 
Sensitivity measures how well a test can identify true po-
sitives for people with the condition being tested, while 
specificity measures the ability of a test to produce an 
accurate negative result for people who do not have the 
condition being tested. Accordingly, all these three para-
meters should be evaluated together to obtain the best 
classification performance. High specificity helps prevent 
misunderstanding and avoidable unnecessary interventi-
ons (True Negative), while a highly sensitive test is needed 
particularly in ambiguous diagnosis or in cases of early 
disease (True Positive). The F1-score uses the harmonic 
mean instead of the arithmetic mean so as not to ignore 
extreme cases. For this reason, the F1 score was included 
in the evaluation metrics.

Our results indicated that the algorithm developed in the 
present study based on routine CBC, urinalysis, and bioc-
hemical parameters could be a useful alternative to Gram 
staining for the prediction of UTI in ICU patients.

CONCLUSION
Although the Gram staining technique was developed by 
Hans Christian Joachim Gram in the 1880s (29), it is com-
monly used in bacteriology laboratories. However, the 
time from the admission of the specimens to the staining 
and interpretation processes is remarkably long and de-
pends on the technician’s/laboratory specialist subjective 
interpretation even when there is only one specimen to 
be analyzed. Our findings indicated that Gram staining 
could be conducted with different alternatives and these 
alternatives may help ameliorate the laboratory workload. 
Accordingly, we consider that our study provides advan-
ced and technological opportunities for the bacterial clas-
sification performed with Gram staining by combining bi-
ochemical tests with machine learning methods. We also 
believe that the study will shed light on future studies on 
this subject.
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