The Hidden Dangers in Polymicrobial Urinary Tract Infection samples from Elderly Patients
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Abstract
The current standard procedure for the diagnosis of urinary tract infections (UTI) does not investigate polymicrobial samples containing three or more organisms unless there is a significant count of a predominant organism. As a result many UTI cases may go untreated, particularly in elderly patients where polymicrobial UTI samples are especially prevalent. This study reports the presence of the major bacterial species in polymicrobial urine samples from elderly patients and their resistance to front line antibiotics. Most importantly, the study highlights that E. coli present in polymicrobial UTI samples are significantly more invasive (P < 0.001) than E. coli found in samples containing only one organism. E. coli present in polymicrobial UTI samples may pose an increased risk to human health and the current standard diagnostic procedure for polymicrobial UTI samples should be re-assessed.
Introduction

A urinary tract infection begins with the entry of microorganisms, usually bacteria, into the bladder. The bacteria attach to the cells that line the bladder and subsequently invade them, causing an immune response from the host that is responsible for the symptoms seen in patients with UTI such as a frequent need to urinate and painful urination. The bacteria can also ascend the urinary tract and infect the kidneys and in serious cases enter the bloodstream causing bacteraemia, which carries a mortality rate of up to 33% in elderly patients (Tal et al., 2005).  UTI is more prevalent in the elderly than any other age group and the annual incidence of UTI in the elderly population can reach as high as 30% in hospitalised patients (Cove-Smith & Almond, 2007).  It has also been estimated that 33% of urine cultures from elderly patients are polymicrobial, containing multiple bacterial species (Cove-Smith & Almond, 2007). 
The diagnosis of UTI is routinely performed in the clinical laboratory by microbiological culture of a urine sample (http://www.hpa-standardmethods.org.uk/documents/bsop/pdf/bsop41.pdf). 

Infections caused by a single organism (monomicrobial UTI) are usually treatable with antibiotics which are advised on the basis of antibiotic susceptibility tests. Due to the difficulties associated with the identification and treatment of multiple bacterial species, infections containing three or more organisms are not investigated unless there is a significant presence of a predominant organism. As a result many patients may not receive adequate treatment and there is insufficient information on the bacteria that cause polymicrobial UTI and the threat they pose to patient health. This study aimed to isolate the organisms present in polymicrobial UTI samples from elderly patients and analyse their pathogenic potential with the aim of further understanding the potential threat posed by these bacteria. 

Materials and Methods

Sample collection

Urine culture samples were collected from patients aged 70 and over from Nottingham University hospitals and assigned to one of the following categories; 
(1) non-catheterized male polymicrobial infection, 
(2) non-catheterized female polymicrobial infection, 
(3) Catheterized male polymicrobial infection, 
(4) Catheterized female polymicrobial infection,

(5) Monomicrobial infection (uncatheterized or catheterized, males or females)

All bacterial species present were isolated from the samples and identified. 
Antibiotic susceptibility testing

Bacterial isolates were subjected to antibiotic susceptibility tests to determine the levels of antibiotic resistance. The panel of antibiotics tested is used for the treatment of UTI at Nottingham University Hospitals; gentamicin, cefotaxime, ceftazidime, meropenem, piperacillin-tazobactam, co-amoxiclav, trimethoprim, ciprofloxacin, cephradine, nitrofurantoin, and amoxicillin. 
Detection of methicillin resistant Staphylococcus aureus (MRSA)
A real-time PCR protocol developed by Thomas et al, (2007) was used to detect the presence of the mecA gene, which is responsible for methicillin resistance in Staphylococcus aureus. 
Bacterial invasion of bladder cells
The potential for all E. coli isolates to invade human bladder cells was investigated using a gentamicin protection assay (McNally et al., 2007). Bacteria were added a human bladder cell line and allowed three hours for attachment to take place, after which the medium containing unattached bacteria was removed. Fresh media containing gentamicin was then added to the cell line to kill any extra cellular bacteria which had not invaded the cells (gentamicin is an antibiotic that will kill bacteria but cannot enter cells and so will not kill bacteria that have invaded a cell). The gentamicin was removed from the cell line after two hours and the cells were broken apart, bacterial counts were obtained for the total amount of bacteria that had invaded the cells. The levels of invasion of each bacterial strain were compared to that of a reference strain, E. coli CFT073, which is a pathogenic strain that causes UTI.
Results

Similar bacterial species are isolated from monomicrobial and polymicrobial UTI samples 
Of the 200 polymicrobial cultures collected, 36% contained 2 organisms, 45% contained 3 organisms, 18% contained 4 organisms and 1% contained 5 organisms. Twenty-seven (10%) patients from this study had previous history of polymicrobial UTI. Thirteen of these went on to have further incidences of polymicrobial UTI after this study.

E. coli  was the most predominant organism in both catheterised and uncatheterised patients. E. coli and Enterococcus faecalis were frequently isolated together from polymicrobial cultures (36%) and E. faecalis was isolated significantly more frequently from polymicrobial cultures (55%) than from monomicrobial cultures (8%), P<0.001. P. aeruginosa, P. mirabilis and S. aureus were also frequently isolated from 23%, 25% and 10.5% of polymicrobial cultures respectively. 
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 Figure 1.The relative prevalence of each of the main species associated with UTI isolated from the different types of sample collected in the study. Prevalence is presented as the percentage of samples collected which contain the given species.

* Indicates cultures taken from polymicrobial infections

E. coli isolated from polymicrobial UTI samples express higher levels of antibiotic resistance
The E. coli, isolated from polymicrobial UTI samples in this study exhibited higher levels of resistance to antibiotics than the E. coli strains isolated from monomicrobial UTI, especially in the case of trimethoprim and ciprofloxacin which are two commonly used antibiotics for the treatment of UTI.
	Antibiotic
	Percentage of resistant strains

	
	Polymicrobial UTI

 (n=129)
	Monomicrobial UTI 

 (n=21)

	Gentamicin
	12.4
	4.8

	Cefotaxime
	17.8
	14.3

	Ceftazidime
	18.6
	9.5

	Meropenem
	0.0
	0.0

	Piperacillin-tazobactam 
	6.2
	4.8

	Co-amoxiclav
	5.4
	0.0

	Trimethoprim
	44.2
	28.6

	Ciprofloxacin
	23.3
	9.5

	Cephradine
	28.7
	19.1

	Nitrofurantoin
	17.1
	9.5

	Amoxicillin
	45.0
	42.9


Table 1. Percentage of E. coli strains from polymicrobial and monomicrobial UTI demonstrating resistance to each respective antibiotic of the urine antibiotic treatment panel.
Increased prevalence of MRSA in polymicrobial UTI samples
The mecA gene was detected in 45% of the S. aureus strains isolated in this study, confirming them to be MRSA. It was also found that 90% of MRSA isolates detected in this study originated from polymicrobial UTI samples.

E. coli isolated from polymicrobial UTI samples exhibit increased levels of invasion
E. coli strains were designated as highly invasive if they showed a 10-fold increase in invasiveness compared to that of the reference strain, E. coli CFT073.  When the invasiveness of E. coli strains from polymicrobial UTI was compared with that of E. coli from monomicrobial UTI significant differences were observed (figure 2). 44% of polymicrobial E. coli were highly invasive compared to 0% of monomicrobial E. coli and only 11% of polymicrobial E. coli were classed as having low invasive capacity compared to 38% of monomicrobial E. coli. This suggests that E. coli isolated from polymicrobial UTI samples may be significantly more invasive (P<0.001) than E. coli isolated from monomicrobial UTI samples.
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Figure 2.  Invasive capabilities of E. coli isolates compared to the reference strain, E. coli CFT073. CFT073 invasion is designated as 1.00, and the most highly invasive strain invaded to a level 1000 greater than that of E. coli CFT073. The strains with the lowest invasive potential did not invade the bladder cells.
Discussion
Urinary tract infections in elderly patients are frequently polymicrobial and pose a serious risk to patient health, in the worst case scenario bacteraemic UTI can result in death (Cove-Smith & Almond, 2007). A clinical microbiology laboratory will not routinely investigate organisms present in polymicrobial samples unless there is a significant amount of a predominant organism. As up to 33% of samples from the elderly can be polymicrobial a large proportion of infections may go untreated or indeed be treated with inappropriate antibiotics. This will only serve to encourage the development of antibiotic resistance in urinary pathogens. 

The predominant organism in polymicrobial UTI samples was E. coli, which concurs with the general consensus among previously published data concerning monomicrobial culture UTI (Tal et al., 2005 & Brzuszkiewicz et al., 2006). E. faecalis was the second most commonly isolated organism, and was significantly more prevalent in polymicrobial cultures than monomicrobial cultures (P<0.001). E. faecalis and E. coli were found together in 36% of cultures and co-infection by these two pathogens may pose important questions for the antibiotic treatment of polymicrobial UTI as Enterococcus is known to be intrinsically resistant to many antibiotics, including several first choice antibiotics for the treatment of UTI. The presence of both this organism and uropathogenic E. coli in an infection may not only create difficulties in devising an antibiotic treatment regime but also recent studies have suggested E. faecalis may worsen the effect of E. coli in an infection (Lavigne et al., 2008, & Montravers et al., 1997). 

The prescription of ineffective antibacterial agents can increase the selection pressure for antibiotic resistant agents within an infection. Organisms present in polymicrobial UTI cultures, that would not routinely be investigated, possessed antibiotic resistance to front line antibiotics. More importantly the percentage of polymicrobial sample E. coli isolates exhibiting resistance to trimethoprim and ciprofloxacin was higher than that observed in monomicrobial culture sample isolates. Another issue raising concerns for patient health is the presence of MRSA in polymicrobial UTI samples, which would not be detected under the current guidelines for UTI diagnosis.  The presence of MRSA in an infection severely limits the choice of antibiotics available for treatment of the infection. 
It has been suggested that the critical step in UTI initiation is the invasion of the cells that line the bladder (Anderson et al., 2003, & Mulvey et al., 2001). By invading bladder cells E. coli receive protection against the host immune system and become near impossible to treat with antibiotics, causing recurring infections. Therefore invasive bacteria are considered more proficient in instigating an infection. Significant differences were identified in the invasive capabilities of monomicrobial culture and polymicrobial culture isolates (figure 2). E. coli isolates of polymicrobial culture origin were significantly more invasive when compared to the invasion of the type strain, E. coli CFT073, than strains isolated from monomicrobial culture samples. The polymicrobial isolates that possessed increased invasive capacity did not belong exclusively to any specific patient group and were not shown to be associated with antibiotic resistance profile. This indicates the potential existence of a group of highly invasive E. coli within polymicrobial UTI in the elderly, which would not be diagnosed or treated due to limitations in the current diagnostic standard procedure.
Polymicrobial urinary tract infections may pose a heightened threat to the health and well being of the elderly population.  This study found that the organisms present in polymicrobial UTI possess resistance to front line antibiotics, potentially at higher levels than expressed in bacteria from monomicrobial infections. Due to the complexities involved in the diagnosis and treatment in these infections many patients may receive inadequate antibiotic treatment or indeed a lack of treatment altogether. More worryingly for patient health, the majority of organisms isolated from polymicrobial cultures also exhibited increased human pathogenic potential as evidenced by cell invasion assays. The standard procedure for UTI diagnosis should be reconsidered in light of the data presented here.  
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