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Abstract Bacteriological analysis of the water samples 

collected from upstream, midstream and downstream 

points along the bank of the river revealed high popula-

tions of Escherichia coli, Citrobacter freundii, Citrobacter 

diversus, Enterobacter aerogens and Klebsiella species. 

All these isolates were screened against eight antibiotics to 

determine the prevalence of multiple antibiotic resistance 

among isolates at different sites of the river. The study re-

vealed that multiple antibiotic resistance was prominently 

seen in coliforms at downstream sites (Average multiple 

antibiotic resistance index, MAR Index = 0.43) while it 

was low in coliforms at upstream sites (MAR Index = 

0.15). These differences in MAR indices provide a method 

for distinguishing high risk contamination sites in aquatic 

environment.

Keywords Antibiotic resistance · Fecal coliforms · 

E. coli · MAR Index etc.

Introduction

Coliforms are representative of the important group of in-

dicator bacteria in water, soil and other environments and 

are often considered as a measure of water quality. They 

represent one of the major contaminants in surface and 

ground water in developing countries. In recent decades, 

the increased usage of antibiotics has led to antibiotic resis-

tance among enteric bacteria. Bacteria with highest level of 

resistance are isolated from environments such as hospital 

effl uents, sewage and waste water, contaminated with an-

timicrobial agents [1]. River water is the main receptacle 

reservoir of antibiotics and antibiotic resistant bacteria in 

the environment. They are directly introduced into surface 

water through fi sheries, animal farms and agricultural prac-

tices [2]. A large volume of sewage and effl uent contain-

ing antibiotic resistant bacteria is discharged into rivers, 

streams, lakes and sea water [3]. The antibiotic resistance 

bacteria in drinking water are a prime concern to public 

health [4].

Nanded is one of the important tourist (pilgrims visit 

famous Gurudwara) centers in India. Thousands of pilgrims 

take bath and perform various religious activities on the 

bank of the Godavari River. Hence, microbial quality of 

river water sources at different sites along the bank of river 

is of utmost importance. Keeping in view, the current sce-

nario of rivers and ground water conditions prevailing in the 

region, the present work was undertaken to study antibiotic 

resistance among coliforms isolated from one of the major 

river, Godavari fl owing from the tourist district of Nanded.

The study sites were selected along the bank of river 

Godavari which fl ows through the tourist district of Nanded 

city. Water samples were collected from 10 kms stretch of 
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the river. Six sites were divided into three parts. Two sites 

located upstream of the city were Kaleshwar (K) and Vish-

nupuri (V) site. Osmanshahi mill area (U) was considered 

as midstream point, while the three sites of Govardhan Ghat 

(G), Banda Ghat (B) and Nagina Ghat (N) were selected as 

downstream sites. Upstream sites are selected from the ru-

ral area of Vishnupuri village, while urban area starts from 

midstream points. Five polluting points (Nallahs) collect-

ing city’s domestic waste discharge the waste into the river 

through sewages. 

Water samples were collected from all six sites of the 

river in sterile glass bottles 0.5 m below the surface of river 

and transported to laboratory on ice and were processed 

within 6 hrs of collection. The standard procedure pre-

scribed by American Public Health Association was used 

for sample collection. Three samples were collected from 

each site [5].

The samples were analyzed for total coliforms (TC) & 

faecal coliforms (FC) count by multiple tube fermentation 

method [6]. Appropriate volume of water samples were 

incubated in series of MacConkey’s broth, both single 

strength and double strength tubes incubated at 37°C for 24 

hrs for total count and 44°C for faecal counts. The counts 

were determined on the basis of results of positive fermen-

tation tubes. A loop from the positive multiple fermentation 

tube from every sample was streaked on MacConkey’s agar 

plates and incubated at 37°C for 24 hrs. Dark pink colonies 

developed on the plate were selected and identifi ed on the 

basis of indole production, methyl red, Voges-Proskauer 

and citrate utilization (IMViC) test.

Antibiograms of all coliforms were determined on 

Muller & Hinton Agar (Hi-Media Pvt. Ltd. Mumbai) using 

Kirby-Bauer disk diffusion method [7]. The antimicrobial 

agents were chosen on the basis of their importance in treat-

ing human or animal infections caused by gram negative 

bacteria of the family Enterobacteriaceae. The antibiotics 

selected for the study is comprised of Ampicillin (10 μg), 

Gentamycin (10 μg), Streptomycin (10 μg), Tetracycline 

(30 μg), Colistin (10 μg ), Nitrofurantoin (300 μg), Cipro-

fl oxacin (10 μg), and Co-Trimoxazole (25 μg).

Multiple Antibiotic Resistance (MAR Index) Index of 

the samples was calculated by the formula [8].

MAR Index =  y/nx.

Where, y= Total number of resistance scored; n = number of 

isolates; x = Total number of antibiotics tested.

The population of indicator organisms in the river at 

six isolated sites is depicted in Table 1. It was observed 

from the data that there was a gradual increase in TC & FC 

counts from upstream sites, Kaleshwar (K), and Vishnupuri 

(V). Increase in populations of TC & FC was observed at 

downstream sites with maximum concentrations at Nagina 

Ghat site (N). Total sixty coliform isolates were identifi ed 

from six sites by taking ten isolates from each site. Among 

coliforms the number of Escherichia coli was maximum 

(27) followed by Citrobacter freundi (16), Citrobacter

diversus (6) Enterobacter aerogens (7) and Klebsiella

species (4) (Fig. 1).

Table 2 depicts the changes in antibiogram of coliforms 

at different sites of the river. A marked resistance was shown 

by coliforms towards the antibiotic ampicillin in the range 

of 40 to 100% with maximum (i.e. 100%) at downstream 

sites. Second most commonly observed antibiotic resis-

tance was nitrofurantoin resistance followed by tetracycline 

and streptomycin. The lowest resistance was observed for 

Gentamycin. Ciprofl oxacin and Co-Trimoxazole resistance 

was observed only in downstream samples, while it was 

totally absent in upstream and midstream samples. A large 

variation was seen in colistin resistance pattern.

The overall resistance of isolates towards eight antibi-

otics is represented as multiple antibiotic resistance index 

(MAR Index). The average MAR index value in upstream 

samples was 0.15 and it increased from upstream to down-

stream (average 0.43). The midstream samples showed 

moderate MAR index value i.e. 0.28 (Fig. 2). Changes 

in antibiotic resistance among coliform species revealed 

that E. coli isolates showed greater resistance towards all

the tested antibiotics than C. freundi and other coliforms 

(Table 3). Resistance to more than three antibiotics was 

also common in E. coli (40.44%) than C. freundi (6.25%) 

(Table 4). 

In this study, bacteriological analysis and antibiotic sus-

ceptibility profi les of water sources at different sites were 

examined in order to establish the bacteriological safety of 

water sources and to provide updated data on antibiograms, 

which helps in identifying the high risk contamination sites 

in the aquatic environment. The coliforms are indicative of 

general hygienic quality of the water and potential risk of 

infectious diseases from water [9]. In the present investiga-

tion, the quantitative assessment of water samples revealed 

increase in TC and FC counts from upstream to midstream 

and then downstream. Both TC and FC were found alarm-

Table 1 Population of Indicator Organisms per 100 ml

Sites Total Coliforms 

(TC)

Fecal Coliforms 

(FC)

Kaleshwar (K) 920 540

Vishnupuri (V) 16 × 102 920

Usmanshahi (U) 24 × 102 16 × 102

Govardhan Ghat (G) 16 × 103 9.2 × 103

Banda Ghat (B) 24 × 103 16 × 103

Nagina Ghat (N) 16 × 104 92 × 103
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ingly high at all the downstream sites examined. High 

count of indicator organisms at downstream sites indicates 

the infl uence of domestic waste and urban runoff on quality 

of water. 

The results of antibiogram also showed 94.34% of the 

isolates studied were found to be resistant to one or more 

antibiotics used and only 6.66% were sensitive to all anti-

biotics. The sensitive isolates were mainly recovered from 

upstream sites. The levels of antibiotic resistance at differ-

ent sites of the river revealed that antibiotic resistance was 

low in upstream samples and then gradually increased at 

midstream and reached maximum in downstream sample. 

The trend of resistance from upstream to downstream 

clearly indicated the infl uence of domestic waste and urban 

runoff on the antibiotic resistance levels, as more number 

of drains discharging domestic waste and hospital waste 

of the city enter into river from midstream to downstream 

sites. The MAR indices of upstream sites were found in low 
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range (0.15) indicating low risk of contamination at sites. 

While the index was moderate at midstream site (0.28) and 

higher values of MAR indices were observed at three down-

stream sites of the river (site G, B and N) with MAR indices 

of 0.48, 0.43 and 0.38 respectively. The upstream sites were 

located in rural region while the urban area starts from mid-

stream point. The MAR indexing determined for upstream 

sites were below arbitrary value of risk contamination of 

0.2 indicating low risk contamination sites [10]. The down-

stream samples showed MAR indexing above 0.25 indicat-

ing high risk contamination sites of the river. The difference 

in MAR indexing from upstream to downstream indicated 

impact of urbanization on antibiotic resistance levels. 

The study also revealed the quantitative changes in an-

tibiotic resistance at different sites of the river. The highest 

level of resistance was observed towards ampicillin. The 

trend of resistance among coliforms for eight antibiot-

ics was found to be A> NF>T>S>Cl>CO>CF>G. A high 

incidence of ampicillin, nitrofurantoin, and tetracycline 

resistance in aquatic environments were reported [11–13]. 

The frequency of ampicillin resistance was more in human 

isolates as compared to tetracycline and nitrofurantoin 

resistance observed in the isolates obtained from animal 

sources. The emerging ciprofl oxacin resistance from down-

stream sites is of serious concern, as this is the drug of 

choice, for many gram negative bacteria. Low resistance to 

gentamycin and colistin in the present study might be due 

to the less use of these antibiotics in clinical practices and 

veterinary medicine.

All the isolates of coliforms and fecal coliforms showed 

rising trend of resistance from upstream to downstream. 

The differences in resistance profi les in this ecological 

study clearly refl ect the differences in selection pressure in 

the investigated locations. The data correlates with higher 

TC and FC counts at downstream sites with higher MAR 

indices. The higher level of resistance to antibiotics among 

coliforms of midstream and downstream sites of Godavari 

River is alarming because most of the pilgrims take bath 

in rivers at midstream and downstream sites whereas some 

residents and non-residents (pilgrims) use the holy water 

for drinking purpose.

Acknowledgement MPC is grateful to UGC, Western 

Zone, Pune, for providing an opportunity to carry out this 

work under FIP. 

References

1.  Chandrasekaran S, Venkatesh B and Lalithakumari D

(1998) Transfer and expression of a multiple antibiotic

Table 2 Antibiotic resistance at different sampling sites (% resistance)

Antimicrobial Agent K V U G B N Overall n= 60

Ampicillin (A) 40 50 90 90 100 90 76.66

Ciprofl oxacin (Cf) 0 0 0 20 10 30 10.00

Colistin (Cl) 20 0 10 40 50 10 21.66

Co-trimoxazole (Co) 0 0 0 40 20 30 15.00

Gentamycin (G) 0 0 10 10 10 0 05.00

Nitrofurantoin (Nf) 60 60 70 90 70 50 66.66

Streptomycin (S) 0 10 20 30 30 40 21.66

Tetracycline (T) 0 0 20 60 50 50 30.00

Table 3 Changes in antibiotic resistance among coliforms (% resistance)

Coliform Species A Cf Cl Co G Nf S T

E. coli (n = 27) 81.48 14.81 18.51 18.51 7.40 85.18 33.33 40.74

C. freundii (n = 16) 68.75 6.25 6.25 18.75 6.25 62.50 12.50 25.00

Other Coliforms (n=17) 76.47 5.88 29.41 0 0 52.94 17.64 17.64

Table 4 Multiple antibiotic resistance among coliforms (% resistance)

Coliform Species No Antibiotic One Antibiotic Two Antibiotic Three  Antibiotic >Three Antibiotic

E.coli 3.70 14.81 22.22 14.81 40.44

C. freundi 12.5 25.00 31.25 25.00 6.25

Other coliforms 5.88 27.52 35.29 17.64 11.76



220    Indian J Microbiol (June 2010) 50:216–220

123

resistance plasmid in marine bacteria. Curr Microbiol 37 (5):

347–351

2.  Wiggins BA, Andrews RW, Conway RA, Corr CL, Dobratz 

EJ, Dougherty DP, Eppard JR, Knupp SR, Limjoco MC, 

Mettenburg JM, Rinehardt JM, Sonsino J, Torrijos RL and 

Zimmerman ME (1999) Use of antibiotic resistance analysis 

to identify nonpoint sources of fecal pollution. Appl and Env 

Microbiol 65 (8):3483–3486

3.  Kolpin DW, Furlong TE, Meyer MT, Thurman EM, Zaugg 

SD, Barber LB and Buxton HT (2002) Pharmaceuticals, hor-

mones and other organic wastewater contaminants in U.S. 

streams; 1999–2000: A National Reconnaissance. Environ 

Sci Technol 36 (6):1202–1211

4.  El-Zanfaly HT (1991) The need for new microbiological wa-

ter quality criteria. Water Sci and Technol 24 (2):43–48

5.  APHA (1992) Standard methods for the examination of wa-

ter and waste waters. 18th Edition, American Public Health 

Association, Washington DC

6.  Chattopadhya D and Basu S (1986) Modifi ed scheme for 

identifi cation of coliform organisms in drinking water. In-

dian J Med Res 83 (2):152–154

7.  Bauer AW, Kirby WMM, Sherris JC and Turck M (1966) 

Antibiotic susceptibility testing by a standardised single disc 

method. Am. J. Clin. Pathol 45: 493–496

8.  Hinton M, Hedges AJ and Linton AH (1985) The ecology of 

Escherichia coli in market calves fed a milk-substitute diet. 

J Appl Bacteriol 58 (1):27–35

9.  Obi CL, Bessong PO, Momba MNB, Potgieter N, Samie A 

and Igumbor EO (2004) Profi les of antibiotic susceptibilities 

of bacterial isolates and physico-chemical quality of water 

supply in rural Venda communities, South Africa. Water 

South Africa 30 (4):515–519

10.  Krumperman PH (1983) Multiple antibiotic resistance in-

dexing of Escherichia coli to identify high-risk sources of 

fecal contamination of foods. Appl Environ Microbiol 46 

(1):165–170

11.  Boon PI and Cattanach M (1999) Antibiotic resistance of 

native and faecal bacteria isolated from rivers, reservoirs 

and sewage treatment facilities in Victoria, South- Eastern 

Australia. Letters in Appl Microbiol 28:164–168

12.  Ash RJ, Mauck B and Morgan M (2002) Antibiotic Resis-

tance of Gram-Negative Bacteria in Rivers, United States. 

Emer Infect Dis 8 (7):713–716

13.  Cardonha AMS, Vieira RHSF, Rodrigues DP, Macrae A, 

Peirano G and Teophilo GND (2004) Fecal pollution in

water from storm sewers and adjacent seashores in Natal, 

Rio Grande do Norte, Brazil. International Microbiol 7:

213–218



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


