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ABSTRACT 

Objective: To determine the diagnostic accuracy of CHROMagar Orientation for its ability to support the growth and 
identification of uropathogens by keeping API 20E/20NE as a gold standard. 
Study Design: Cross-sectional study. 
Place and Duration of Study: Department of Microbiology, Armed Forces Institute of Pathology, Rawalpindi Pakistan, from 
Jun to Nov 2019. 
Methodology: A total of 470 midstream specimen of urine from patients suspected of UTIs were analyzed. Urine specimens 
were inoculated by 1µL calibrated sterilized loop each on CLED Agar, Blood agar and CHROMagar Orientation media plates. 
Culture plates were incubated at 35.00±2.00ºC for 18 to 24 hours. As per standard protocols, isolates were identified by colony 
morphology, Gram stain, catalase, oxidase, DNAase, coagulase, and API 20E/20NE. In addition, the appearance of 
microorganism on CHROMagar Orientation media were identified according to the manufacturer’s instructions. 
Results: Out of 470 samples, 211 showed no growth, 90 were classified as mix growth (polymicrobial), and 169 samples were 
positive (unimicrobial) for the growth of uropathogens. All the samples positive for bacterial growth on conventional media 
were also positive on CHROMagar orientation and vice versa. The sensitivity and specificity of CHROMagar Orientation for 
differentiation of uropathogens were 99% and 100%, respectively. 
Conclusion: The overall findings of our study suggested that CHROMagar supports the growth of all uropathogens. It 
provided the rapid identification of organisms based on their colour morphology, even in a mixed bacterial culture, growth 
within 24 hours easily. 
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INTRODUCTION 

Urinary tract infections (UTIs) are among the 
most common bacterial infections worldwide, affecting 
all age groups in community and hospital settings.1,2 It 
is estimated that almost 35 to 40% of the hospitalized 
population sometimes acquires UTI. In the day-to-day 
workload of a microbiology laboratory, most work 
attributes towards urine cultures. Blood agar (BA) and 
Cystine-Lactose-Electrolyte Deficient (CLED) are the 
most commonly used media for urine cultures.3,4 
Moreover, these routine cultures require considerable 
time of at least 48 to 72 hours, trained laboratory 
personnel, and further biochemical testing such as API 
20E/20NE to confirm urinary pathogens. All these 
procedures are not only labour-intensive but also 
expensive and time-consuming.5 

Originally discovered in 1979, chromogenic agar 
is a culture-based rapid method that requires less la-
bour and fewer materials. It is cost-effective com- 
pared to routine conventional media and API 20E/          

20NE used to identify uropathogens. The limitation         
of CHROMagar medium is that it does not diffe-
rentiate between Klebsiella, Enterobacter, and Citro-
bacter as they produce the same colour colonies, i.e., 
metallic blue.6 

Considering the advantages of CHROMagar over 
conventional methods, the present study was pro-
posed to evaluate the diagnostic accuracy of CHRO 
Magar orientation by keeping API 20E/20NE as the 
gold standard for identifying uropathogens and for 
incorporating it in routine laboratory practice.7,8 If it 
turns out to be diagnostically accurate, the method 
under study will reduce laborious laboratory work and 
turn-around time and be a cost-effective method for 
reliable identification of uropathogens without any 
need for further biochemical testing panels as isolates 
are easily recognized based on their specific colours.9,10 
Furthermore, since the most common UTI pathogen is 
E. coli and CHROMagar reportedly claims a specificity 
of 99.3% for this bacterium, it is expected that isolates 
will be easy to recognize based on specific colours 
without needing highly trained staff. Moreover, it is 
also expected that isolate identification results will also 
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be available within 24 hours, thereby supporting 
targeted or directed treatment for UTIs. 

METHODOLOGY 

The cross-sectional study was conducted at the 
Department of Microbiology, Armed Forces Institute 
of Pathology, Rawalpindi Pakistan, from June to 
November 2019. The Institutional Review Board 
approved the study, Armed Forces Institute of Patho-
logy, Rawalpindi Pakistan, IRB number MP-CHP18-
6/READ-IRB/19649A. Written informed consent was 
taken from patients. The sample size was calculated by 
using a WHO calculator. Based on the confidence level 
set to 95%, the anticipated population proportion 
having symptomatic UTI at 11.6%,11 and precision set 
to 5%, the estimated sample size was 158. However, 
470 patients were enrolled in the study owing to a 
greater influx of patients. Therefore, a non-probability 
consecutive sampling technique was used. 

Inclusion Criteria: All urine samples collected at the 
AFIP laboratory from indoor and outdoor patients 
were included in the study. 

Exclusion Criteria: Repeat samples of the same patient 
and samples received after two hours of the collection 
were excluded. 

All urine specimens were processed by a conven-
tional method per standard protocols and on the 
CHROMagar orientation media plate simultaneously. 
The urine specimen was inoculated by a 1µL calibrated 
sterilized loop each on CLED Agar media plate, Blood 
agar media plate and CHROMagar Orientation media 
plate. Culture plates were incubated at 35.00±2.00ºC 
for 24 to 48 hours. The bacterial growth was defined as 
“positive (monomicrobial)”, “negative (No growth)”, 
and “mix growth (polymicrobial) for both conven-
tional and CHROMagar media. As per standard proto-
cols, isolates were further identified by colony mor-
phology, Gram stain, catalase, oxidase, DNAase, 
coagulase, and API 20E/20NE. Isolates of enterococci 
were identified by growth in 6.5% NaCl, fermentation 
of 1% arabinose and bile esculin hydrolysis per 
standard protocols.12,13 The growth appearance of 
microorganisms on CHROMagar Orientation media 
was identified according to the manufacturer’s instruc-
tions. ATCC Escherichia coli 25922, Staphylococcus aureus 
25923 and Pseudomonas aeroginosa 27853 were quality 
control strains. 

Statistical Package for Social Sciences (SPSS) 
version 23.0 was used for the data analysis. Descriptive 
statistics were calculated for age and gender variables 

in terms of frequencies. Sensitivity, specificity, positive 
predictive value, negative predictive value and 
diagnostic accuracy were calculated. 

RESULTS 

Out of 470 samples, 211(44.89%) showed no 
growth on both conventional media and CHROMagar 
orientation, 90(19.14%) were classified as mixed 
growth (polymicrobial) on both media and 169(37.95%) 
samples were positive (unimicrobial) on both media 
for the growth of uropathogens as shown in Figure.  

 

 
Figure: Comparison of Detection Accuracy of conventional 
and CHRO Magar (n=470) 
 

No major differences in growth analysis were 
noted between conventional media and CHRO Magar 
as all those samples which yielded growth on con-
ventional media also yielded growth on CHROMagar 
and vice versa. 

Out of 259(55.10%) isolates yielded from mono-
microbial and polymicrobial cultures, CHROMagar 
orientation identified 257(54.68%) correctly as com-
pared to the conventional method using API 20E/ 
20NE, 65g/1000ml of NaCl (6.5%), fermentation of 
1g/9ml arabinose (1%) bile esculin hydrolysis for 
identification of different uropathogens. Two isolates 
identified as E.coli on conventional procedure using 
API 20E showed colourless colonies instead of dark 
pink/red colonies on CHROMagar orientation (false 
negative) after 48 hours of incubation. Comparison of 
detection accuracy of conventional and CHROMagar 
was shown in the Table-I. 

Diagnostic accuracy comparison of conventional 
media versus CHROMagar Orientation for its ability to 
identify uropathogens from Unimicrobial cultures was 
shown in the Table-II. Diagnostic accuracy comparison 
of conventional media versus CHROMagar Orienta-
tion for its ability to identify uropathogens from 
Polymicrobial cultures was shown in the Table-III. 
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Table-I: Comparison of Detection Accuracy of Conventional 
and  CHRO Magar (n=470) 

CHRO Magar 
Conventional Media 

Total 
Positive Negative 

Positive 
(unimicrobial+polymicrobial) 

257(True 
Positive) 

0(False 
Positive) 

257 

Negative 
2(False 

Negative) 
211(True 
Negative) 

213 

Total 259 211 470 

Sensitivity 99% 

Specificity 100% 

Positive Predictive Value 
(PPV) 

100% 

Negative Predictive Value 
(NPV) 

99% 

 
Table-II : Diagnostic Accuracy Comparison of Conventional 
Media versus CHROMagar Orientation for its ability to 
identify Uropathogens from Unimicrobial Cultures (n=470) 

CHRO Magar 
Conventional Media 

Total 
Positive Negative 

Positive 
(unimicrobial) 

167(True 
Positive) 

0(False 
Positive) 

167 

Negative 
2(False 

Negative) 
211(True 
Negative) 

213 

Total 169 211 380 

Sensitivity 99% 

Specificity 100% 

Positive Predictive 
Value (PPV) 

100% 

Negative Predictive 
Value (NPV) 

99% 

For polymicrobial samples, 100% accuracy was achieved. 
 
Table-III: Diagnostic Accuracy Comparison of Conventional 
Media versus CHROMagar Orientation for its ability to 
identify Uropathogens from Polymicrobial Cultures (n=470) 

CHROMagar 
Conventional Media 

Total 
Positive Negative 

Positive 
(polymicrobials) 

90 
(True 

Positive) 

0 
(False 

Positive) 
90 

Negative 
0(False 

Negative) 
211(True 
Negative) 

211 

Total 90 211 301 

Sensitivity 100% 

Specificity 100% 

Positive Predictive 
Value (PPV) 

100% 

 
DISCUSSION 

In the present study, we observed very good 
specific colour production by uropathogens on CHRO 
Magar orientation, enabling our laboratory technicians 
and us easy and correct the identification of different 
uropathogens not only in unimicrobial cultures but 
also in polymicrobial cultures. 

In the present study, out of 470 urine samples, 
169(36%) samples were classified as positive as they 
showed significant bacterial growth of single isolate 
and were called unimicrobial, whereas 90(19.1%) urine 
samples were termed as polymicrobial as they showed 
mixed bacterial growth isolates and 211(44.9%) 
showed no growth on both conventional media and 
CHROMagar orientation media indicating that 
CHROMagar supports the growth of uropathogens as 
equally as conventional blood agar and CLED media. 
The finding of our study was similar to the study 
conducted by Biji et al. which showed that 34.84% of 
urinary cultures were unimicrobial, 16.99% were 
polymicrobial, and 42.49% exhibited no growth.14 The 
other studies done by Sharmin et al. also obtained 
significant growth between 40-50% and were in 
accordance with our results.15 In contrast to the present 
study other studies by Lakshmi et al. reported a higher 
rate of microbial isolation.16 

In the existing study, 169 strains were isolated in 
monomicrobial cultures. The major isolate was 
Escherichia coli (66.27%), followed by Klebsiella species 
(18.34%). Other isolates were Enterococci spp. (4%), 
Candida species (3%), S. aureus(3%), Citrobacter (1.18%), 
p. aeruginosa (1.8%), Proteus species (<1%) and enter-
obacter cloacae (<1%). In various studies on both 
conventional media and CHROMagar E.coli was found 
to be the predominant pathogen isolated from urine 
samples which are in agreement with the present 
study.17 Similar results were found in the study by 
Parveen et al. who reported E.coli (64.49%) followed by 
Klebsiella spp (11.21%), the most prominent bacteria in 
urinary samples.18 The isolation rate of major 
uropathogens in the present study is in accordance 
with the studies carried out on both chromogenic and 
conventional media CHROMagar, BA and CLED 
supported the growth of all 269(100%) isolates of 
bacteria.19,20 In our study, we observed that blood agar, 
CLED, and Chromogenic medium contain all the vital 
nutrients for the growth of all possible uropathogens 
in urine samples. Likewise, proteus species secrete 
tryptophan deaminase, which reacts with tryptophan 
in chromogenic media and gives brown colour to 
colony. In our study, two isolates identified as E. coli 
on API/20E did not produce proper colour (trans-
lucent colonies) & were classified as a false negatives. 
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LIMITATIONS 

Limitation of the CHROMagar medium is that it does 
not differentiate between Klebsiella, Enterobacter, and 
Citrobacter as they produce the same colour colonies, i.e., 
metallic blue. 

CONCLUSION 

The overall findings of our study suggested that 
CHROMagar supports the growth of all uropathogens. 
Furthermore, it provided the correct and rapid identification 
of organisms based on their colour morphology, even in a 
mixed bacterial culture growth within 24 hours. Therefore, it 
should be incorporated into routine laboratory work to 
process urinary cultures. 
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