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ABSTRACT 
 

Urinary Tract Infections are one of the most common infections in medical practice. UTI is the 
common causes of complications, mortality, morbidity and economic loss especially in the 
developing countries like Bangladesh. Prediction of the agents causing UTI and knowledge of their 
antimicrobial susceptibility patterns is important for the empirical therapy of UTI. 
Aims: The aim of the present study was to isolate Escherichia coli from urine samples of patients 
suspected with UTI and determination of antimicrobial susceptibility patterns of the isolated E. coli 
to commonly used antibiotics. 
Place and Duration of Study:  Urine samples were collected between February, 2015 to April, 
2015 from a tertiary care hospital located in Dhaka city, the capital of Bangladesh. The  study  was  
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conducted  in  Centre  for  Excellence  Laboratory  (CEL), Microbiology Department of Primeasia 
University, Dhaka-1213, Bangladesh. 
Methodology:  A total of 288 urine samples were collected during the study period. Urine sample 
was streaked on Cystine-Lactose-Electrolyte Deficient (CLED) agar, MacConkey agar, and blood 
agar media for isolation of E. coli. Gram staining and various biochemical tests were performed     
for confirmation of E. coli. Antimicrobial sensitivity test was determined by Kirby Bauer’s disc 
diffusion method on Mueller Hinton agar plate using commonly used antibiotics. For statistical 
analysis, Statistical  Package  for  Social  Sciences  (SPSS)  software, version  20  was  used  in 
our study. 
Results:  Sixty-six (22.92%) samples showed positive culture for Escherichia coli. E. coli was more 
commonly isolated from female (51.51%) than male (48.48%) patients. Results from antimicrobial 
sensitivity revealed that, E. coli showed high level of sensitivity to Piperacillin-Tazobactam (100%), 
Tobramycin (100%), Netilmicin (100%), Meropenem (98.48%), Gentamicin (96.97%), Imipenem 
(95.45%), Levofloxacin (90.91%), Amikacin (87.87%), and Nitrofurantion (81.82%). This bacterium 
showed moderate level of sensitivity to Ciprofloxacin (60.60%) and Azithromycin (57.58%) and 
least level of sensitivity to Nalidixic acid (33.33%), and Co-trimoxazole (22.73%).  
Conclusion:  Therefore, it can be concluded that Piperacillin-Tazobactam, Tobramycin and 
Netilmicin could be most effective drugs in the study area for the empirical treatment of UTI. 
 

 
Keywords: Urinary tract infections; Escherichia coli; antibiotic resistance. 
 
1. INTRODUCTION 
 
Urinary tract infections (UTIs) are the most 
common extra intestinal infections [1]. A urinary 
tract infection (UTI) is an infection that affects 
any part of the urinary tract. UTIs are 
characterized by symptoms such as dysuria, 
frequency, urgency, irritation of urinary tract, 
discomfortable pressure, bloody urine with strong 
smell, fever and flank pain [2]. UTIs affect people 
of all age from the neonate to the geriatric age 
group and both sex [3]. Different factors like age, 
gender, immuno-suppression, kidney tumors, 
pregnancy, stone, catheterization, neurological 
diseases, congenital or acquired anomalies of 
bladder, enlarge prostrate, diabetes mellitus etc. 
may affect the prevalence of UTIs [4]. During 
entire lifetime, nearly 10% of people will 
experience UTIs and in every year, about 150 
million people are diagnosed with UTI across the 
world [5,6,7]. 
 
Microorganisms that cause UTIs almost come 
from the skin at or near the opening of the 
urethra. Occasionally, Fungi and viruses cause 
UTIs, but bacteria are most commonly reported 
as causative agents of UTIs. Among the Gram-
negative bacteria, Escherichia  coli  is  the  most  
common etiological agent of UTI and 
approximately 90% of first UTI in young women 
are caused by E. coli [8]. The other Gram-
negative pathogens usually associated with UTIs 
are Klebsiella sp., Proteus mirabilis and 
Pseudomonas aeruginosa. On the other hand, 
Enterococci, group B streptococci and coagulase 

negative Staphylococci are the most frequently 
encountered Gram-positive bacteria in UTI [9]. 
These microorganisms use different virulence 
factors and pathogenic mechanisms to colonize 
and infect the urinary tract. 
 
Increasing bacterial resistance to antibiotics is a 
world-wide problem. The prevalence of 
antimicrobial resistance in patients with UTI is 
increasing as in almost all cases of UTI, 
empirical treatment initiates before the laboratory 
results of urine culture are available. 
Antimicrobial resistance can vary according to 
geographical and regional location [10,11]. For 
this reason, knowledge of the etiological agents 
of UTIs and their antimicrobial resistance 
patterns in specific geographical locations may 
aid clinicians to choose the appropriate 
antibiotics for empirical treatments. Hence, aim 
of the current study was to identify E. coli                 
from suspected UTI infected males and females 
of different age groups, analysis of their 
sensitivity and resistance patterns against locally 
available antibiotics commonly prescribed by                
the clinicians in order to find suitable 
antimicrobial agents which may help the 
clinicians to choose the right empirical treatment 
for the study area. 
 
2. MATERIALS AND METHODS 
 
2.1 Sample Collection  
 
This study was carried out in the Microbiology 
laboratory of the Department of Microbiology, 
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Primeasia University, Banani, Dhaka-1213. 288 
urine samples were collected from patients 
attending the internal patient department (IPD) 
and outpatient department (OPD) of a tertiary 
care hospital located in Dhaka city. Patients of all 
age groups including age 15 to ≥48 having 
clinical evidence of urinary tract infection, 
determined by treating physicians, were included 
in this study. The duration of the study was                  
three months from February, 2015 to April,        
2015.  
 
Clean catch midstream urine was collected from 
each patient into a 20 ml calibrated sterile screw-
capped universal container which was distributed 
to the patients. After collection of the samples, 
they were transported to the Microbiology 
laboratory of Primeasia University as soon as 
possible in an insulated foam box with ice to 
maintain a temperature ranging from 4°C to 6°C.  
 
2.2 Chemical Analysis  
 
COMBINA 11S dipstick was used for chemical 
analysis of the urine specimens within one hour 
of specimen collection. Specimens were 
thoroughly mixed several times by inversion and 
before analysis no centrifugation was done.  
   
2.3 Microscopic Analysis 
 
About 12 ml of each specimen was centrifuged at 
1500 rpm for 5 minutes. The supernatant was 
discarded leaving only around 1 ml of pellet. The 
concentrated pellet was mixed well and 20 µl of 
the suspension was placed on a glass slide, the 
suspension was covered with cover slip and 
observed under microscope for the presence of 
pus cell, RBC, albumin, nitrate, glucose, ketone 
bodies in urine of UTI patients.   
 
2.4 Microbiological Analysis  
 
A loopful uncentrifuged urine sample was placed 
on Cystine-Lactose-Electrolyte Deficient (CLED) 
agar, MacConkey agar, and blood agar media. 
Inoculated plates were incubated at 37°C for 24 
h and for 48 h for negative cases. A sample was 
considered positive for pathogenic count of E. 
coli if the number of colonies was greater than 
105 cfu/ml [12]. From discrete colonies, Gram 
staining and further sub culturing was done to 
obtain pure culture. E. coli was identified on the 
basis of standard culture and biochemical 
characteristics of isolates. 
 

2.5 Antibiotic Susceptibility Tests 
 
Antimicrobial susceptibility testing of the isolated 
E. coli was done by the standard Kirby Bauer’s 
disc diffusion method on Mueller Hinton agar 
plate. Antimicrobial agents tested were 
Piperacillin-Tazobactam (10 µg), Tobramycin     
(10 µg), Netilmicin (30 µg), Meropenem (10 µg), 
Gentamicin (10 µg), Imipenem (10 µg), 
Levofloxacin (10 µg), Amikacin (30 µg), 
Nitrofurantion (30 µg), Ciprofloxacin (30 µg), 
Azithromycin (15 µg), Nalidixic acid (30 µg), and 
Co-trimoxazole (1.25/23.75 µg). By sterile pipette 
0.1 ml of test culture was poured on plate and 
the culture used was spread homogenously on 
the medium using sterile glass spreader. 
Antibiotic discs were applied aseptically to the 
surface of the inoculated plates after 3 to 5 
minutes with the help of sterile forceps. The 
plates were then inverted and incubated at 37°C 
for 24 h. After incubation, the plates were 
examined and the diameters of the zone of 
complete inhibition were measured in mm by 
following the recommendations of the criteria of 
the Clinical and Laboratory Standards Institute 
(CLSI) [13]. Escherichia coli (ATCC 25922) was 
used as quality control strains in our study.  
 
2.6 Statistical Analysis  
  
Chi  square  test  was  conducted  to  find  out  
the significant  difference  between  male  and  
female of different age groups in relation to  the  
prevalence of  E. coli.  P value of <0.05 at 95% 
level of confidence interval was considered 
statistically significant. The statistical analysis 
was performed by the Statistical Package for 
Social Sciences (SPSS) software, version 20. 
 
3. RESULTS  
 
Over a 3-month period, 288 urine samples from 
inpatients and outpatients departments of a 
tertiary care hospital were analyzed. Total 66 
(22.92%) urine samples showed the significant 
growth of E. coli. Among the positive sample, 45 
(68.18%) patients were from urban and rest 21 
(31.82%) from rural. The percentage of illiterate 
and literate was 39.39% and 60.61% 
respectively. In according to socioeconomic 
condition, 20 (30.30%) were recorded as poor, 
40 (60.61%) were medium and 6 (9.09%) were 
rich. In our study, married patients were              
higher (77.27%) than single (22.73%) patients 
(Table 1).  
 



Table 1. Demographic factors of positive 
sample of the study population

 
Variables  Number (%)
Location  
Urban 
Rural 

 
45 (68.18%)
21 (31.82%)

Educational level  
Illiterate 
Literate 

 
26 (39.39%)
40 (60.61%)

Socioeconomic condition  
Poor 
Medium 
Rich 

 
20 (30.30%)
40 
6 (9.09%)

Marital status  
Single 
Married 

 
15 (22.73%)
 51 (77.27%)

 
34 (51.51%) samples from females and 32 
(48.48%) from males showed positive growth for 
E. coli. These results indicated that the 
prevalence of UTI caused by E. coli
in female patients than in male. From Chi square  
(�2) test, it was also found that the  prevalence 
of  the E. coli  was  significantly  different  
(P < 0.00001)  between female and  male of 
 

Table 2. Distribution of 
 
Age group  Male (%) 

15-25 2 (6.25) 
26-36 3 (9.38) 
37-47 7 (21.88) 
≥48 20 (62.50) 
Total 32 

 

 
Fig. 1. Frequency of sex based distribution of pus cell, RBC, albumin, glucose, nitrate, and 

ketone bodies in UTI patients
 

Pus cell RBC

26.79% 23.60%

73.21%
76.40%
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factors of positive 
sample of the study population  

Number (%)  

45 (68.18%) 
21 (31.82%) 

26 (39.39%) 
40 (60.61%) 

20 (30.30%) 
40 (60.61%) 
6 (9.09%) 

15 (22.73%) 
51 (77.27%) 

34 (51.51%) samples from females and 32 
(48.48%) from males showed positive growth for 

These results indicated that the 
E. coli was higher 

in female patients than in male. From Chi square  
) test, it was also found that the  prevalence 

was  significantly  different                 
< 0.00001)  between female and  male of 

different age groups  at  95%  confid
level (�2 =24.53; degree of freedom = 3) 
(Table 2). 
 
The highest susceptible age group of female 
patients to UTI was 15-25 (41.18%) followed by 
26-36 years (32.35%), 37-47 years (14.71%)
and ≥48 years (11.76%); however in males 
the highest susceptible age group was 
years (62.50%) followed by 37
(21.88%), 26-36 years (9.38%), and 15
(6.25%) (Table 2). 
 
The frequency of common urinary abnormal 
findings according to male and female patients 
urine such as pus cell, RBC, albumin, glucose, 
nitrate and ketone bodies are presented in Fig. 1. 
The common urinary abnormal findings for 
female patients are RBC (76.40%) followed by 
pus cell (73.21%), nitrate (66%), ketone bodies 
(60%), glucose (55.55%), and albumin (53.76%). 
On the other hand, for male patients the common 
urinary abnormal findings are albumin (46.24%) 
followed by glucose (44.44%), nitrate (44%), 
ketone bodies (40%), pus cell (26.79%), and 
RBC (23.60%) (Fig. 1). 

Table 2. Distribution of E. coli in relation to sex and age of patients  

Female (%)  Chi square  
(����2) value 

14 (41.18)  
 
24.53 

11 (32.35) 
5 (14.71) 
4 (11.76) 
34  

Fig. 1. Frequency of sex based distribution of pus cell, RBC, albumin, glucose, nitrate, and 
ketone bodies in UTI patients  

Albumin Glucose Nitrate Ketone 

bodies

46.24% 44.44% 44%
40%

76.40%

53.76% 55.55%

66%
60%

Male Female
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Antimicrobial susceptibility test revealed that                 
E. coli isolates were highly sensitive to 
Piperacillin-Tazobactam, Tobramycin, Netilmicin, 
Meropenem, and Gentamicin followed by 
Imipenem, Levofloxacin, Amikacin, and 
Nitrofurantoin and least level of sensitive to 
Nalidixic acid and Co-trimoxazole (Table 3).   
 

Table 3. Antimicrobial sensitivity pattern of           
E. coli against commonly used antibiotics 

 

Antibiotic’s name E. coli (n=66) 
Sensitive  Resistant 

Piperacillin-
Tazobactam  

100% 
(66/66) 

0% 
(0/66) 
 

Tobramycin   100% 
(66/66) 

0% 
(0/66) 
 

Netilmicin   100% 
(66/66) 

0% 
(0/66) 
 

Meropenem  98.48% 
(65/66) 

1.52% 
(1/66) 
 

Gentamicin  96.97% 
(64/66) 

3.03% 
(2/66) 
 

Imipenem  95.45% 
(63/66) 

4.55% 
(3/66) 
 

Levofloxacin  90.91% 
(60/66) 

9.09% 
(6/66) 
 

Amikacin 87.87% 
(58/66) 

12.12% 
(8/66) 
 

Nitrofurantion  81.82% 
(54/66) 

18.18% 
(12/66) 
 

Ciprofloxacin  60.60% 
(40/66) 

39.39% 
(26/66) 
 

Azithromycin  57.58% 
(38/66) 

42.42% 
(28/66) 
 

Nalidixic acid  33.33% 
(22/66) 

66.67 
(44/66) 
 

Co-trimoxazole   22.73% 
(15/66) 

77.27% 
(51/66) 

 
4. DISCUSSION 
 
In present study, 288 urine samples were 
collected of which 66 (22.92%) samples showed 
positive growth for E. coli. Result of our study 
revealed that female (51.51%) was more 
commonly infected with E. coli than male 
(48.48%) patients. This finding is similar with 

other studies conducted in various parts of the 
world [12,14,15,16]. A numbers of factors are 
responsible for high prevalence of UTI in females 
such as shorter and wider urethra, trauma of 
urethra during sexual intercourse, hormonal 
changes, and lack of prostatic fluid containing 
antimicrobial properties [17,18]. 
 
Female patients in the age ranges of 15-36 
(41.18%) years were found highly susceptible to 
UTI than other age groups. Our finding is 
consistent with other studies conducted in India 
and Italy [19,20,21]. The reasons behind this 
high prevalence of UTI in this age ranges of 
female are sexual intercourse, use of 
contraceptive spermicidal agents, diaphragms, 
menopause and a history of recurrent UTIs. 
However, the highest susceptible age group for 
male was in the age ranges of ≥48 years 
(62.50%). Increasing incidence of UTI with 
advancing age in males is associated with 
prostate enlargement and neurogenic bladder 
[22]. It has been reported that the prostate 
disease is responsible for the increase in the 
occurrence of UTI in males and decrease in ratio 
between female and male patients above 50 
years [23]. 
 
Escherichia coli was found 100% sensitive                 
to Piperacillin-Tazobactam, Tobramycin and 
Netilmicin. A study conducted in 2016 by Akter T 
et al. [16] in Bangladesh where E. coli was found 
100% sensitive to Piperacillin-Tazobactam and 
Netilmicin which support our study. Besides, 
100% sensitivity to Tobramycin was also 
recorded in another study conducted by Sabir S 
et al. in Pakistan [24]. 
 
Furthermore, our study showed that E. coli was 
98.48% sensitive to Meropenem, 96.97% to 
Gentamicin, 95.45% to Imipenem and 90.91% to 
Levofloxacin. Similar types of sensitivity were 
also recorded by other studies conducted in 
Bangladesh, Pakistan and Italy [16,21,24]. 
Sensitivity of E. coli to Amikacin and 
Nitrofurantion was found 87.87% and 81.82% 
respectively. Sabir S et al. [24] reported 99.6% 
sensitivity of E. coli to Amikacin and 95.1% to 
Nitrofurantion which were higher than our 
findings.  
 
Escherichia coli showed moderate level of 
sensitivity to Ciprofloxacin (60.60%) and 
Azithromycin (57.58%). A study performed in 
India by Shalini JM et al. [25] where 69.56% 
sensitivity to Ciprofloxacin was recorded which is 
close to our result. Sensitivity to Azithromycin 
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(89%) was recorded in another study conducted 
in Bangladesh by Akter T et al. [16]. 
 
Escherichia coli showed least level of sensitivity 
to Nalidixic acid (33.33%) and Co-trimoxazole 
(22.73%). These findings are similar with another 
study where Manikandan S et al. [26] found 
sensitivity to Nalidixic (19.4%) acid and Co-
trimoxazole (38.6%).  
 
5. CONCLUSION 
 
From our study, it can be concluded that females 
are more susceptible to UTI than male. Regular 
surveillance of antimicrobial susceptibility pattern 
for E. coli is recommended to improve empirical 
treatment for UTI and Piperacillin-Tazobactam, 
Tobramycin and Netilmicin could be the first 
choice of drug in the study area for the empirical 
treatment of UTI caused by E. coli. 
 
CONSENT  
 
All authors declare that written informed consent 
was obtained from the patients for publication of 
this paper and accompanying images.  
 
ETHICAL APPROVAL  
 
All authors hereby declare that all experiments 
have been examined and approved by the 
appropriate ethical committee and have therefore 
been performed in accordance with the ethical 
standards laid down in the 1964 Declaration of 
Helsinki.  
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Abed EA. Isolation and sensitivity of 

bacteria caused urinary tract infections at 
Wasit Province. Sch. J. App. Med. Sci. 
2014;2(3D):1139-43.  

2. Lane DR, Takhar SS. Diagnosis and 
management of urinary tract infection and 
pyelonephritis. Emerg Med Clin North Am. 
2011;29(3):539-52.   

3. Kunin CM. Urinary tract infections in 
females. Clin Infect Dis. 1994;18(1):1-10.  

4. Ramzan M, Bakhsh S, Salam A, Khan GM, 
Mustafa G. Risk factors in urinary tract 
infection. Gomal J Med Sci. 2004;2(1):1-4. 

5. Hoberman A, Wald ER. Urinary tract 
infections in young febrile children. 
Pediatric Infect Dis J. 1997;16:11-7.  

6. Delanghe J, Kouri TT, Huber AR, 
Hannemann-Pohl K, Guder WG, Lun A,        
et al. The role of automated urine particle 
flowcytometry in clinical practice. Clin Chim 
Acta. 2000;301(1):1-18. 

7. Stamm WE, Norrby SR. Urinary tract 
infections: Disease panorama and 
challenges. J Infect Dis. 2001; 
183(Supplement 1):S1-S4. 

8. Jawetz E. Enterbacteriaceae In: Brooks 
GF, Butel JS, Morse SA, eds. Medical 
microbiology 23rd Ed Stamford-
Connecticut. Appleton and Lange. 2004; 
248-258. 

9. Shankel S. Urinary tract infections. 
Genitourinary disorders. The Merck 
Manuals Online Medical Library; 2007.  

10. Tambekar DH, Dhanorkar DV, Gulhane 
SR, Khandelwal VK, Dudhane MN. 
Antibacterial susceptibility of some urinary 
tract pathogens to commonly used 
antibiotics. Afr J Biotechnol. 2006;5:          
1562-5. 

11. Karlowsky JA, Kelly LJ, Thorns Berry C, 
Jones ME, et al. Trends in antimicrobial 
resistance among urinary tract infection 
isolates of Escherichia coli from female 
outpatients in the United States. 
Antimicrob Agents Chemother. 2002;46: 
2540-5. 

12. Farajnia S, Alikhani MY, Ghotaslou R, 
Naghili B, Nakhlband A. Causative agents 
and antimicrobial susceptibilities of  urinary  
tract  infections  in  the northwest of Iran. 
Int J Infect Dis. 2009;13(2):140-4. 

13. Wayne PA. Clinical and laboratory 
standards institute: Performance standards 
for antimicrobial susceptibility testing: 
Twenty-fourth informational supplement, 
M100-S24. Clinical and Laboratory 
Standards Institute (CLSI). 2014;34:1. 

14. Cetin M, Ucar E, Guven O, Ocaks. 
Community acquired urinary tract 
infections in Southern Turkey:  Etiology 
and antimicrobial resistance. Clin Nephrol. 
2009;71(1):30-5. 

15. Prakash D, Saxena RS. Distribution and 
antimicrobial susceptibility pattern of 
bacterial pathogens causing urinary tract 
infection in urban community of Meerut 
City, India. ISRN Microbiol; 2013. 

16. Akter T, Hossain MJ, Khan MS,           
Sultana H, Fatema K, Al Sanjee S. 
Isolation, identification and antimicrobial 



 
 
 
 

Fatema et al.; AJMAH, 2(1): 1-7, 2017; Article no.AJMAH.30197 
 
 

 
7 
 

susceptibility pattern analysis of 
Escherichia coli isolated from clinical 
samples of Bangladesh. Asian J Biomed 
Pharm Sci. 2016;6(54):13-6. 

17. Aiyegoro OA, Igbinosa OO, Ogunmwonyi 
IN, Odjadjare EE, Igbinosa OE, Okoh AI. 
Incidence of urinary tract infections (UTI) 
among children and adolescents in Ile-Ife, 
Nigeria. Afr J Microbiol Res. 2007;1(2):        
13-9. 

18. Prakasam A, Kumar KG, Vijayan M. A 
cross sectional study on distribution of 
urinary tract infection and their antibiotic 
utilisation pattern in Kerala. Int J Pharm 
Tech Res. 2012;4(3):1309-16. 

19. Mahajan R, Gupta S, Mahajan B. Antibiotic 
susceptibility pattern of isolates in urinary 
tract infection in a Tertiary Care Hospital.  
J Rational Pharmacother Res. 2014;2(2): 
44-9. 

20. Islam MT, Ahmed S, Nasreen M, Sultana 
N. Culture and antibiotic sensitivity of 
Escherichia coli isolated from patients with 
Urinary Tract Infections (UTI) in Jessore 
City. IOSR J Pharm Biol Sci. 2013;8(5): 
66-9. 

21. Magliano E, Grazioli V, Deflorio L,                  
et al.  Gender and age-dependent etiology 

of community-acquired urinary tract 
infections. Sci World J; 2012. 

22. Das RN, Chandrasekhar TS, Joshi HS, 
Gurung M, Shrestha N, Shivananda PG. 
Frequency and susceptibility profile of 
pathogens causing urinary tract infections 
at a tertiary care hospital in western Nepal. 
Singapore Med J. 2006;47(4):281. 

23. Akhtar N, Rahman R, Sultana S. 
Antimicrobial sensitivity pattern of 
Escherichia coli causing urinary tract 
infection in Bangladeshi patients. Am J 
Microbiol Res. 2016;4(4):122-5.     

24. Sabir S, Ahmad Anjum A, Ijaz T, et al. 
Isolation and antibiotic susceptibility of       
E. coli from urinary tract infections in a 
tertiary care hospital. Pak J Med Sci. 
2014;30(2):389-92. 

25. Shalini JM, Rashid MK, Joshi HS. Study of 
antibiotic sensitivity pattern in urinary tract 
infection at a tertiary hospital. National J 
Integ Res Med. 2011;2(3):43-6.  

26. Manikandan S, Ganesapandian S, Singh 
M, Kumaraguru AK. Antimicrobial 
susceptibility pattern of urinary tract 
infection causing human pathogenic 
bacteria. Asian J Med Sci. 2011;3(2):         
56-60.  

_________________________________________________________________________________ 
© 2017 Fatema et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/17491 


