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ABSTRACT
Objective: The study was conducted to evaluate the accuracy, cost and turnaround time of wet mount, gram stain and acridine 
orange stain microscopy of quantitative unspun urine for screening of urine samples. The combination of wet mount and gram 
stain and wet mount and acridine orange stain was also evaluated.
Materials and Methods: A total of 618 urine samples, which comprised of first ten consecutive samples that were received in 
the microbiology laboratory daily from patients with suspected urinary tract infection, were included in the study. All uncentrifuged 
urine specimens were subjected to wet mount, gram’s stain, and acridine orange stain microscopy and semi quantitative urine 
culture tests. Time taken and expenditure for each test per sample was calculated and compared. 
Result: Sensitivity, specificity, PPV and NPV of all the screening tests were compared singly and in combination. Acridine or-
ange and gram stain had the highest sensitivity while wet mount, wet mount+gram stain and wet mount+acridine orange stain 
showed similar sensitivities. Specificity was highest for wet mount+acridine orange followed by acridine orange, wet mount+gram 
stain, gram stain and wet mount. PPV was highest for wet mount+acridine orange followed by acridine orange, gram stain, wet 
mount+gram stain and wet mount. NPV was highest for acridine orange followed by wet mount+acridine orange, gram stain, wet 
mount+gram stain and wet mount. All the microscopic tests were significantly rapid and cost effective as compared to culture 
test. 
Conclusion: Acridine orange stain is recommended as a single screening test as it is an accurate, rapid and inexpensive 
method to rule out UTI.
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INTRODUCTION

The term urinary tract infection encompasses a variety of 
clinical entities, including asymptomatic bacteriuria (ASB), 
cystitis, prostatitis, and pyelonephritis. Both symptomatic 
UTI and ASB connote the presence of bacteria in the urinary 
tract, usually accompanied by white blood cells and inflam-
matory cytokines in the urine. However, ASB occurs in the 
absence of symptoms attributable to the bacteria in the uri-
nary tract and does not usually require treatment, while UTI 
has more typically been assumed to imply symptomatic dis-
ease that warrants antimicrobial therapy. Symptomatic UTI 
can be complicated or uncomplicated. Uncomplicated UTI 

refers to acute cystitis or pyelonephritis in nonpregnant out-
patient women without anatomic abnormalities or instrumen-
tation of the urinary tract and complicated UTI encompasses 
all other types of UTI.1 UTIs are the second most frequently 
occurring infections in the general population after upper 
respiratory tract infections.2 UTIs are the leading cause of 
gram negative sepsis in hospitalized patients and are the ori-
gin for about half of all nosocomial infections caused by uri-
nary catheters.3 UTI is associated with considerable cost in 
terms of morbidity and economic and research expenditure.4 

The most frequent cause of uncomplicated community ac-
quired UTIs is Escherichia coli (E. coli) followed by Klebsiella 
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spp., other Enterobacteriaceae, Staphylococcus saprophyti-
cus, and enterococci. In complicated UTIs, the relative fre-
quency of infection caused by Proteus, Pseudomonas, Kleb-
siella, and Enterobacter spp, increases. Hospitalized patients 
are most likely to be infected by E.coli, Klebsiella spp., 
Proteus spp., staphylococci, other Enterobacteriaceae, Pseu-
domonas aeruginosa, enterococci, and Candida spp.3 Since 
the last two to three decades UTIs due to multidrug resistant 
uropathogens have caused a growing concern worldwide. 5   

Evaluation of suspected UTI includes history, physical ex-
amination and laboratory investigations. Urine culture and 
urine analysis for presence of pus cells and bacteria are im-
portant in the adequate management of UTI.6 Gold standard 
for diagnosis of UTI is quantitative urine culture for specific 
bacteria. However, this procedure is costly, and takes at least 
24 hours; whereas an ideal test should be cheap, quick and 
should require only limited technical skill.7 Several rapid 
screening tests are used commonly to make a presumptive 
diagnosis of UTI, like dipstick biochemical analysis of urine 
for nitrites or leukocyte esterase (LE), catalase test, glucose 
oxidase test, automated assays and microscopic examination 
of urine for white blood cells by wet mount or for bacteria 
by Gram’s stain.8 

Rapid diagnostic tests can rule out negative samples, are eco-
nomical, save valuable time and thus are useful in high-end 
laboratories. Screening is also required in special circum-
stances where it is difficult to identify UTI on the basis of 
clinical criteria alone but where early diagnosis and preven-
tion of complications affords significant benefit (e.g. chil-
dren, and post renal transplant patients).9 As one diagnostic 
test is not reliable for confirmation of UTI, so researchers 
consider a combination of tests as the best choice for clinical 
decision making.7 

The advantages to urine microscopy are that leukocytes, 
leukocyte casts, and other cellular elements are observed 
directly.10 Gram’s stain has added advantage of guiding the 
antibiotic therapy by observing the morphology and stain-
ing properties of the organisms. However, clinician should 
consider local sensitivity patterns of the possible pathogen.11 

Acridine orange staining has also been evaluated as a mi-
croscopic bacteriuria screen as it is more sensitive and rapid 
method than Gram’s staining. 12

In the present study, we evaluated the accuracy, cost and 
turnaround time of wet mount, gram stain and acridine or-
ange stain microscopy of quantitative unspun urine for 
screening of urine samples keeping semiquantitive urine 
culture as the gold standard for diagnosis of UTI. We fur-
ther compared combination of wet mount and Gram’s stain 
and wet mount and acridine orange stain with culture for the 
same parameters.

MATERIALS AND METHODS

This prospective study was carried out in a tertiary care 
hospital from December 2015 to March 2016. The first ten 
consecutive urine samples that were received in the microbi-
ology laboratory daily from patients with suspected urinary 
tract infection were included in the study. These comprised 
clean catch mid-stream, catheterized and suprapubic urine 
samples received in sterile containers.

A total of 618 samples were included in the study. All patient 
details were recorded along with urine sample collection 
methods. The samples were processed within one hour. All 
uncentrifuged urine specimens were subjected to wet mount, 
Gram’s stain, and acridine orange stain microscopy and semi 
quantitative urine culture tests. 

1. Direct microscopy or wet film preparation: 
 Fifty microlitre of well mixed uncentrifuged urine 

sample was placed on a clean, grease free, glass slide 
and covered with a 20 mm X 20 mm coverslip. The 
wet mount preparation was then examined under a 
high power magnification (40X) of a microscope for 
presence of pus cells. The presence of > 1 pus cell / 7 
high power fields was considered significant pyuria.9

2. Gram’s staining: 
 Fifty microlitre of well mixed uncentrifuged urine 

was smeared on a slide, air dried, heat fixed and Gram 
stained. At least 20 fields of the smear were scanned 
using oil immersion objective (100X). Presence of 
≥1 bacterial cell per oil immersion field, which cor-
responds to 100,000 organisms/ml of urine, was con-
sidered significant.12, 13   

3. Acridine orange staining: 
 Hundred microlitre of well mixed uncentrifuged urine 

was smeared on a slide, air dried, fixed in 96% metha-
nol for 2 minutes, flooded with acridine orange for 2 
minutes, washed with distilled water, dried and exam-
ined under a fluorescent microscope. Presence of ≥ 
1 morphologically similar orange coloured organism 
/ 12 high power fields (40X) was considered signifi-
cant. Presence of ≥ 2 morphologically different organ-
isms indicated presence of mixed flora.12

4. Urine culture and antimicrobial susceptibility test-
ing:

 Urine culture was routinely put up in the laboratory 
and identification of the organisms was done as per the 
standard procedure. 

Turnaround time and cost analysis
Time taken by each test for one sample was calculated and 
compared. The cost of chemical constituents, consumables 
and other overhead charges was calculated for each of the 
screening tests and for culture and then compared.

Statistical Analysis
Diagnostic data were analyzed using 2 × 2 contingency ta-
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bles. Sensitivity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV) were calculated for 
each of the methods separately and in combination. 

RESULTS

During the study period, a total of 2880 urine samples 
were submitted to the bacteriology laboratory for urine cul-
ture among which only 1400 showed significant microbial 
growth.  As first ten consecutive urine samples daily were 
included in the study, only 618 samples from same number 
of patients were tested by microscopy. 

Among the 618 urine samples analyzed, 266 (43.04%) were 
from male patients and 352 (56.95%) from female patients. 
Out of 618 samples, 382 (61.81%) were midstream clean-
catch samples, 210 (33.98%) were catheter samples and 26 
(4.07%) were suprapubic aspirates. The samples from OPD 
(out patient department) were 230 (37.21%) and from wards 
were 388 (62.78%). Out of 618 patients, 317 were having sig-
nificant medical history, commonest being Type 2 Diabetes 
mellitus (16.82%) followed by sepsis (9.70%),  hypertension 
(7.28%), recurrent UTI (4.85%), acute pancreatitis (3.72%), 
chronic kidney disease (2.58%), pregnancy (1.29%) and oth-
ers (5.05%). Out of 342 patients, who were on antibiotics at 
the time of collection, 102 were culture positive. 

Out of 618 samples, 332 (53.7%) were sterile, 198 (32%) 
showed significant microbial growth on culture, 22 (3.6%) 
yielded mixed growth and 66 (10.7%) showed growth of no 
significance. The results of 88 samples which showed mixed 
growth and growth of no significance were excluded from the 
study. Among the cultures with significant microbial growth, 
68.68% (136/198) were from females and 31.31 % (62/198) 
were from males. Escherichia coli (48.48%) was the com-
monest isolate, followed by Candida spp. (18.18%), Entero-
coccus spp. (16.16%), Klebsiella pneumonia (9.09%), Aci-
netobacter baumanni (2.02%), Pseudomonas spp. (2.02%), 
Citrobacter spp. (1.01%), methicillin-resistant Staphylococ-
cus aureus (1.01%) and combination of two organisms was 
present in 3.03%.

Among 198 culture positive urine samples, wet mount (Fig. 
1) was positive in 170 samples, Gram’s stain (Fig. 2) was 
positive in 192 samples, acridine orange stain (Fig. 3) in 192 
samples, wet mount + gram’s  stain combination was posi-
tive in 188 samples and wet mount + acridine orange stain 
in 188 samples. 

Sensitivity, specificity, PPV and NPV of all the screening tests 
were compared singly and in combination (Table 1). Acrid-
ine orange and Gram’s stain had the highest sensitivity while 
wet mount, wet mount+Gram’s stain and wet mount+acridine 

orange stain showed similar sensitivities. Specificity was 
highest for wet mount+acridine orange followed by acrid-
ine orange, wet mount+Gram’s stain, Gram’s stain and wet 
mount. PPV was highest for wet mount+acridine orange fol-
lowed by acridine orange, Gram’s stain, wet mount+Gram’s 
stain and wet mount. NPV was highest for acridine orange 
followed by wet mount+acridine orange, Gram’s stain, wet 
mount+Gram’s stain and wet mount.

Table 1: Comparison of sensitivity, specificity, posi-
tive predictive value (PPV) and negative predictive 
value (NPV) of screening tests.
Test Sensitivity% Specificity% PPV% NPV%

Wet mount 85.85 72.89 64.84 89.55

Gram’s stain 96.96 91.56 87.27 96.96

Acridine 
orange

96.96 93.37 89.71 98.10

Wet mount 
+ Gram’s 
stain

85.85 92.16 86.73 91.61

Wet mount 
+ Acridine 
orange

85.85 94.57 90.42 97.51

Comparison of turnaround time
Time taken by each test for processing of one sample was 
calculated and compared (Table 2). All the microscopic tests 
were significantly rapid as compared to culture test.

Table 2: Time taken by different tests for diagnosis of 
UTI.

Test Time taken
(hours)

Wet mount microscopy 0.17h 

Gram’s staining 0.33h 

Acridine orange staining 0.25h 

Wet film preparation and Gram’s staining 0.5h

Wet film preparation and Acridine orange 
staining 0.42h 

Urine culture 24h

Cost analysis
The cost benefit was estimated as the difference between cost 
of culture and the rapid tests (Table 3). Cost of wet mount 
microscopy, Gram’s staining and acridine orange staining 
singly or in combination was more or less comparable to 
each other but when compared to urine culture was 15-40 
times less.
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Table 3: Cost of the tests for diagnosis of UTI.

Test Cost per isolate
(INR)

Wet mount microscopy 0.50

Gram’s staining 0.70

Acridine orange staining 0.90

Wet mount and Gram’s staining 1.20

Wet mount and Acridine orange staining 1.40

Urine culture 20

DISCUSSION

In our study of 618 urine samples, 43.04% were from males 
and 56.95% from females. Among the urine cultures with 
significant microbial growth, 68.68% were from females and 
31.31 % from males. This is in concordance to the increased 
prevalence of UTI in women; the main reason being anatom-
ical and physiological differences between the two sexes.7 

Out of 618 urine samples, 61.81% were midstream clean-
catch samples, 33.98% were catheter samples and 4.07% 
were suprapubic aspirates. The ward: OPD ratio of submit-
ted samples was 1.68: 1. Out of 618 patients, 317 were hav-
ing significant medical history. The reason for such sample 
diversity and association with significant diseases was that 
all the patients were from a tertiary care hospital and were 
selected randomly.    

In our study, Escherichia coli was the commonest organism 
isolated (48.48%), followed by Candida spp. (18.18%), En-
terococcus spp. (16.16%), Klebsiella pneumonia (9.09%), 
Acinetobacter baumanni (2.02%), Pseudomonas spp. 
(2.02%), Citrobacter spp. (1.01%), methicillin-resistant 
Staphylococcus aureus (1.01%). Arslan S et al., in his study 
showed the growth of organisms on urine culture as; 47% 
Escherichia coli, 18.5% Klebsiella pneumonia, 10% Pro-
teus mirabilis, and 8.5% staphylococci.14  Shobha KL et al., 
showed the isolation of organisms from culture in the se-
quence of E.coli 38%, Klebsiella spp. 8%, Enterobacter spp. 
3%, Candida spp. 4%, Enterococcus spp. 22%, Citrobacter 
spp.1%, Acinetobacter spp.1%.15 Ali  M et al., showed that 
organisms isolated from culture were in the order of; E.coli 
(65%) followed by Proteus spp.(16.3%), Pseudomonas spp.
(7.6%), Enterococcus spp.(6.8%) and Klebsiella spp.(4.3%). 
16 The higher prevalence of Candida in our isolates could be 
because more than 50% patients (342 out of 618) were on 
antibiotics.  

As more than half of the urine samples routinely received 
in the laboratory during the study period (1400 out of 2880) 
showed no significant growth on culture, this results in un-
necessary expenditure and delay in patient care. This can be 
overcome by screening tests which rule out negative sam-
ples, are economical, save valuable time and labor and thus 

are useful in high-end laboratories.

In the present study, three easily available and rapid tests 
were evaluated singly and in combination for their efficacy 
as screening tests. Wet mount examination of uncentrifuged 
urine was used to detect pyuria as it has been reported that 
wet mount of well mixed uncentrifuged urine is more relia-
ble than that of centrifuged urine. 12  Significant pyuria, in the 
absence of significant bacteriuria in a symptomatic patient 
(e.g. acute urethral syndrome) is an indication for treatment 
and hence the importance of wet film examination.12 In this 
study, we evaluated this test taking ≥ 1 WBC / 7hpf 9,12 as cut 
off and found sensitivity of 85.85%, specificity of 72.89%, 
PPV of 64.88% and NPV of 89.55%. Taneja N et al, reported 
sensitivity of 68.4 %, specificity of 60.8 %, PPV of 32.7% 
and NPV of 87.3 % for this test.9 A study by Mohamed Ali et 
al. showed that this test has the sensitivity of 95.7%, specific-
ity of 99.2%, PPV of 99.1% and NPV of 96.2%.16 A study by 
Cemal P et al showed that wet mount is 92% sensitive, 26% 
specific with 52% PPV and 78% NPV.2 Certain other previ-
ous studies have shown this test to have sensitivity ranging 
between 25-95% and specificity of 41-97 %  but the PPV as 
low as 33 %.12 As most of the studies reported PPV of this 
test as low, this test, when used singly, cannot be relied upon 
as a screening test.

In the present study, Gram’s staining of urine samples 
showed sensitivity of 96.96%, specificity of 91.56%, PPV of 
87.27% and NPV of 96.96 %. These values were in concord-
ance with most of the previous studies. A study by Satish 
SP et al., reported sensitivity of 89.1%, specificity of 86%, 
PPV of 85.4% and NPV of 89.6% with this test.11 A study by 
Matias L et al., found that this test had sensitivity of 92.7%, 
specificity of 88.7, PPV of 68.5% and NPV of 97.9%.17 In a 
study by Amalia UP et al., this test had sensitivity of 88%, 
specificity of 100%, PPV of 100% and NPV of 90%.18 Thus, 
urine Gram’s stain is very reliable for screening of urine 
samples. In addition, Gram’s stain can guide the empirical 
treatment of patients with UTI. 

Acridine orange stain as a urinary screening test has not been 
evaluated as much as Gram’s stain. Various studies have re-
ported sensitivity from 92 to 98% and specificity from 59 to 
87%.12  In the present study, we found that this test had sen-
sitivity same as that of Gram’s stain i.e. 96.96% but a better 
PPV (89.71%), specificity (93.37%) and NPV (98.10%). Our 
results were in concordance with a study by Taneja N et al. 
who reported this test with a sensitivity of 90% and NPV of 
98.8% but he reported lower specificity of 76.6%.12  Hoff et 
al. reported that this test had NPV of 99%.19  Based on the re-
sults of above studies and ours, it is inferred that when counts 
of >104 cfu/ml are taken as significant on culture, this test 
will eliminate the need for cultures in majority of the speci-
mens. Thus, this technique can be recommended as a routine 
negative screening test especially in large laboratories. 
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In this study, combination of two tests, wet mount and 
Gram’s staining was also evaluated and we found sensitiv-
ity was 85.85%, specificity 92.16%, PPV 86.73% and NPV 
91.61%. A study by Taneja N et al. showed that these two 
tests in combination had the sensitivity of 80%, specificity 
of 78.4%, PPV of 25% and NPV of 97.7%.12 A study by Ma-
tias L et al. showed that the combination of these two tests 
increased the sensitivity to 87.4%, specificity to 94 %, PPV 
81.7%, and NPV 96.6%.17 A study by Sukru A et al.,  re-
vealed that these two tests in combination had the sensitivity 
was 42%, specificity 90%, PPV 90% and NPV 40%.14 This 
combination had no advantage over gram stain as a screen-
ing test as sensitivity and PPV both decreased. 

We also evaluated the combination of wet mount and acrid-
ine orange stain which to the best of our knowledge has not 
been done previously. When compared to culture, combina-
tion of two tests had sensitivity, specificity, PPV and NPV 
of 85.85%, 94.57%, 90.42% and 97.51% respectively. This 
combination had no advantage over acridine orange alone 
as a screening test. Thus, this study proved acridine orange 
stain to be the best screening test for diagnosis of UTI fol-
lowed by Gram’s stain. Hence, absence of bacteriuria has re-
liable diagnostic value for ruling out UTI but positive results 
need to be confirmed by culture.

Negative predictive value is the probability that subjects 
with a negative test truly don’t have the disease. Our study 
indicated that acridine orange stain had NPV of 98%; that is 
strong for a screening test, and brings up property of this test 
to rule out UTI. This is important for a tertiary health care 
where a large number (more than 50% in our study) of cul-
tures ordered routinely are negative. This could be attributed 
to prior use of antibiotics. In our patient population, 342 pa-
tients were on antibiotics at the time of collection of sample 
and out of these only 102 were culture positive.

Time taken by each test for processing of one sample was 
calculated and compared (Table 2), and all the microscopic 
tests were found to be significantly rapid than the culture test. 
Out of the microscopic tests, wet mount microscopy was the 
most rapid (0.17 h) followed by acridine orange stain (0.25 
h) and Gram’s stain (0.33 h). As urine culture takes a mini-
mum of 24 h to show any significant growth, microscopic 
tests serve as quite good screening tests for UTIs because 
of their rapidity; particularly in laboratories where a large 
percentage of urine cultures prove to be negative.  

The cost benefit was estimated as the difference in expendi-
ture on rapid tests and the culture (Table 3). The average cost 
of the screening tests was INR 1 as against INR 20 for the 
urine culture, amounting to a cost saving of 97.5%.  Thus, 
the financial benefits of screening cannot be overempha-
sized. This cost factor makes these screening tests a viable 
and attractive option in peripheral centers where facilities of 

culture are not available and also in hospitals where majority 
of urine cultures prove to be negative. 

CONCLUSION

Acridine orange stain is recommended as a single screening 
test as it is an accurate, rapid and inexpensive method to rule 
out UTI. As the need of a fluorescent microscope is a limita-
tion to this test, Gram’s stain can be used as an alternative in 
laboratories where fluorescent microscope is not available. 
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Figure 1: Wet mount of a urine sample showing pus cells.

Figure 2: Gram staining of a urine sample showing Gram posi-
tive cocci.

Figure 3: Acridine orange staining of a urine sample showing 
cocci.


