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Abstract: Different Proteeae isolates may vary with the type of infections they cause in both the
community and hospital environments. This study was aimed at determining the prevalence of different
Proteeae isolates in a tertiary care hospital and their antibiotic resistance pattern. A prospective study
was conducted involving the analyses of clinical samples for Proteeae isolates and determining their
antimicrobial susceptibility pattern. One hundred isolates of Tribe Proteeae were collected over a
period of 6 months from clinical specimens obtained from patients suspected of bacterial infection.
Wound infections were the highest (52%) followed by urine (47%). Proteus mirabilis was the
predominant species (61.5 %), followed by Proteus vulgaris (30.5%). More than 80% were resistant to
ampicillin and cefazolin, 34% to quinolones, 32% to aminoglycosides and 48% to Co-trimaxazole.
About 49 % of the isolates produced ESBL and 16 % were multidrug resistant. Providencia stuartii
was the most resistant among the recovered species. Maximum sensitivity was noted with carbapenems
and maximum resistance with ampicillin and first and second generation cephalosporins.
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Introduction
Proteus species are among the commonly implicated pathogens in hospital as well as community
acquired infections [1]. This pathogen has a diverse mode of transmission, and hence can cause
infection in different anatomical sites of the body. Some of the incriminating sources of transmission
are soil, contaminated water, food, equipments, intravenous solutions, the hands of patients and
healthcare personnel [2]. Different genera of Proteus are encountered in human infections; however,
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bacteriological diagnosis up to the species level identification for all genera of Tribe Proteeae is not
carried out in many laboratories. Owing to this there is only a limited documented information relating
to antibiotic susceptibility levels for infections caused by various species of this bacteria. This study
seeks to determine the current scenario of the various genera of Proteus family, its clinical distribution
and the response of the different species to commonly prescribed antibiotics.

Materials and Methods
A total number of 100 clinical isolates of Tribe Proteeae were obtained from patients in a non consecutive
non repetitive random manner. The samples were obtained from both in- patient and out- patient
services of a tertiary care hospital located in Chennai, India. Hospitalised patients were from various
surgical and medical wards and intensive care units. Different clinical specimens such as urine, purulent
material from wounds or abscesses, ear swabs, broncho-alveolar lavage were cultured to isolate the
organisms.

The isolates were identified through biochemical tests according to standard procedures [3,4].
Antibiotic susceptibility testing was done on Mueller-Hinton agar according to CLSI guidelines [5].

Susceptibility of the Proteus isolates to different antimicrobial agents (obtained from Himedia,
Mumbai) like Ampicillin (10 g), Amikacin(30 g), Cefazolin (30 g) Cefuroxime (30 g), Ceftriaxone
(30 g), Cefotaxime (30 g), cefipime (30 g), Cotrimoxazole(1.25/23.75 g), Ciprofloxacin (5 g),
Imipenem (10 g), Meropenem (10 g) and Cefaperazone sulbactum (75/30 g) Tazobactum piperacillin
(10/100 g) were studied. Interpretation was done according to CLSI guidelines [6].

ESBL producing bacteria were identified based on their susceptibility to third generation
cephalosporins as an initial screen [6].

Results
A total of 100 clinical isolates were collected from various clinical samples like pus and wound swabs,
broncho-alveolar lavage and urine as shown in Table 1.

Species distribution among clinical specimens

Genus Proteus was the most common isolate (87%), followed by Genus Providencia (10%) and Genus
Morganella (3%). The bacteria P. mirabilis was the most common species (47%) followed by P. vulgaris
(41%), Providencia stuartii (6%), Providencia rettgeri and Morganella morganii (3% each).
Pus was the most common specimen (52%) followed by urine (47%) and Non- BAL (1%).

Antibiotic Susceptibility Pattern

The overall susceptibility pattern of all the 100 isolates is shown in Fig.1. Among the -lactams,
maximum resistance was noted with ampicillin (87%) followed by cephalosporins. Eighty seven %
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were resistant to cefazolin (first generation), 60% to cefuroxime (second generation), 52% to cephotaxime
and 49% to ceftazidime (third generation) and 37% to fourth generation cefipime. Thirty four % were
resistant to fluoroquinolones (ciprofloxacin), 48% to Cotrimaxazole and 17% to aminoglycosides
(amikacin).

Table 1. Distribution of Bacterial species in clinical specimens

Species Exudates Non-BAL Urine Total 

Proteus mirabilis 25 1 20 46 

Proteus vulgaris 21 0 20 41 

Morganella morganii  2 0 1 3 

Providencia rettgeri 0 0 3 3 

Providencia stuartii 4 0 3 7 

Total 52 1 47 100 
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Fig. 1. Antimicrobial susceptibility pattern of Tribe Proteeae

With -lactam - -lactam inhibitor combinations, 6% of the isolates were resistant to both
cefaperazone–sulbactum and tazobactum-piperacillin combination drugs. While maximum sensitivity
was noted with carbapenems – Imipenem (96%) and Meropenem (97%), only one strain was resistant
to both the carbapenems.
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 Among the Genus Proteus, 96% were resistant to ampicillin and cefazolin, 47% to cephotaxime,
43% to cefatzidime and 32% to cefipime, 10% to amikacin, 41% to cotrimoxazole and 27% to quinolones.
Maximum sensitivity (98%) was seen with cefaperazone–sulbactum and tazobactum–piperaciilin
combination drugs. All the strains were sensitive to carbapenems

Genus Providencia were the most resistant organisms contributed by the highly resistant P.
stuartii. The isolates were universally resistant to ampicillin and first generation cephalosporins.
Ninety % were resistant to third generation cephalosporins and 60% to fourth generation. Seventy %
were resistant to amikacin, cotrimaxazole and quinolones, whereas 40% were resistant to cefaperazone-
sulbactum and tazobactum-piperacillin. Least resistance was noted with carbapenems (30%).

M. morganii isolates were universally resistant to -lactam antibiotics, cotrimaxazole, quinolones
and aminoglycosides. Thirty three % were sensitive to cefipime alone. All the strains were sensitive to
carbapenems and -lactam- -lactamase inhibitor combination drugs.

Fourty nine % of the isolates were ESBL producers as confirmed by the initial screening method.
Among them, maximum sensitivity was noted with carbapenems (99%) followed by -lactam-
-lactamase inhibitor combination drugs (88%). Thirty five % were resistant to amikacin, 76% to
cefipime, 59% to quinolones and 24% to Co-trimaxazole.

Discussion
Species identification and surveillance of antimicrobial resistance are the most important components
for effective management and control of infections. The present study investigated the presence of
Proteeae isolates in clinical samples collected for 6 months in a non consecutive non repetitive
random manner. P. mirabilis was the most common species isolated, accounting for 47 % of all the
infections and hence attributed for the majority of Proteus infections. This result agrees with similar
studies conducted elsewhere in India [7, 8]. Wound infection yielded the highest percentage (52%) of
Proteus isolates followed by urine (47%) and this is in concordance with the findings of Mitesh.H.Patel
et al. [7] and Khan et al. [8]. Only one isolate was recovered from broncho-alveolar lavage.

Out of the 47 urine isolates, 85% of the infections were caused by Proteus species, while
Providencia species contributed 14% and Morganella morganii 1%. P. mirabilis (48%) dominated the
picture, causing wound infections when compared to other species. Thus the findings of the present
study are in concordance with those from those conducted in Europe and Africa [2, 9, 10].

 P. mirabilis was more sensitive bacteria when compared to P. vulgaris [11]. In this study, 40% of
P. vulgaris were resistant to ampicillin and first generation cephalosporins, 25% for third generation
cephalosporins while P. mirabilis exhibited 35% and 16% of resistance respectively. Among the
aminoglycosides, 7% of P. vulgaris were resistant to amikacin while with P. mirabilis it was 3%.

 Most Proteus strains had been reported to be sensitive to cefepime and cefpirome, quinolones
and the -lactamase producing strains are sensitive to carbapenems and aztreonam [12]. In this study,
41% of Proteus strains were resistant to Co-trimaxozole, 28% to quinolones (ciprofloxacin), and 3% to
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cefipime. Less than 1 % was resistant to carbapenems and -lactam- -lactamase inhibitor drugs like
cefaperazone–sulbactum and tazobactum–piperacillin. Among ESBL producing strains of Proteus
species, 24% were sensitive to cefipime, 95% to cefaperazone–sulbactum and tazobactum–piperacillin
and 97% to carbapenems.

P. stuartii is recognized as one of the most antibiotic resistant species of Proteeae. They are
resistant to penicillin, cephalosporins, aminoglycosides, but Providencia species is sensitive to
ceftazidime, cephotaxime imipenem and aztreonam [12, 13]. In this study, Providencia strains showed
absolute resistance to ampicillin and first generation cephalosporins. Higher degree of resistance was
noted with cephalosporins (3rd - 90% and 4th generation -60%), aminoglycosides, cotrimaxazole and
quinolones - 70%,. Least resistance was noted with carbapenems (30%) and 40% to -lactam--
lactamase inhibitor combination drugs.

 Similarly, M. morganii isolates were completeley resistant to -lactam antibiotics, Co-trimaxazole,
quinolones and aminoglycosides. As only 3 isolates were obtained and employed for the study, the
exact resistance pattern could not be derived. Thirty three % of this bacteria were sensitive to cefipime
alone. Maximum sensitivity (100%) was noted with carbapenems and -lactam- -lactamase inhibitor
combination drugs.

 Overall, maximum resistance (87%) was noted with ampicillin and first generation cephalosporins
hence these must not form part of the empirical antibiotics for the treatment of Proteus infections.
Maximum susceptibility was seen with meropenem (97%) followed by imipenem (96%). Besides, 94%
were susceptible to cefaperazone-sulbactum and Tazobactum-piperacillin, 48% to third generation
cephalosporins and 63% to fourth generation cefipime. ESBL production of 49% and 16% of multi-
drug resistance was exhibited by these isolates. However time to time they acquire plasmid encoding
resistance to some of these antibiotics to which they are normally sensitive. Thus the present
investigation warrants the caution to be exercised while treating proteus infections.
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