Introduction

Ballast water is added or expelled into separate tanks to stabilize and guarantee the structural integrity of ships. It is obtained from the environment where the ship operates.  Studies about its biological content have intensified in recent years because of the worldwide increase in ship traffic and the possibility of transporting species from one environment to another (Elliott 2003).

Emphasis has been placed on species of marine and estuarine bacteria and virus 


(Elliott 2003; Drake, Doblin et al. 2007) ADDIN EN.CITE . Nevertheless, there is evidence that human pathogens can also be transported between ports via ballast water 


(McCarthy and Khambaty 1994; Ramaiah, Vrushali Kohle et al. 2005) ADDIN EN.CITE . After the last cholera epidemic in South America, special attention has been given to Vibrio cholerae, and research has shown the potential hazard of this bacteria when transported via ballast water between shores (McCarthy and Khambaty 1994). However, very few studies have investigated other pathogenic microorganisms such as fungi and protozoa because the IMO guidelines (IMO - International Maritime Organization 1997) does not directly mention them. 

Rio Grande Harbor is the southernmost Brazilian seaport, located at the Lagoa dos Patos estuary. It is the third Brazilian port in terms of container movement and one of the busiest for fertilizers and grains, among other products. Ships that may or may not have followed IMO ballast water regulations arrive from and set-off for African and other Atlantic ports.

This study aims to test the port’s water for human pathogens, including protozoa and fungi and to assess the risk of hazardous pathogenic organisms.

Material and Methods

Study Site

The study took place at the Port of Rio Grande, located 32° 7' 20" South and 52° 5' 36" West, at Rio Grande, state of Rio Grande do Sul, south Brazil. It is the southernmost Brazilian seaport, located on the west shore of the Canal do Rio Grande, which connects the Lagoa dos Patos Lagoon with the South Atlantic Ocean. It is an important port for bulk cargo vessels, especially those coming from Africa and South America; in 2006 alone, it received 2,783 ships that transported 19 million tons of goods. 

Five sampling stations that represented various port facilities were selected (figure 1): the depot for liquid and solid bulks (1), the “Roll on-Roll off” facility (2), the oil depot (3), the grain terminal (4) and the container terminal (5). The sixth station, the ferry-boat dock was selected as a control station because it is situated in a cargo-free area of the Port. The seventh, designated as urban station, is located in an urban area of Rio Grande City, away from the port area, and was also selected as a positive control. 

Water sampling and analysis

Sampling was carried out on a monthly basis, between June and November 2006. At each station, two 500 ml samples were collected in sterilized bottles, from between 30 to 100 centimeters depth following standard methods (APHA - American Public Health Association 2005). The samples were collected with the usual precautions for microbiological analysis, stored on ice and filtrated on 0.45 µm and 0.22 µm acetate cellulose membranes. Filtration took place in a class II biological security cabinet. 

International Maritime Organization (IMO, 2004) criteria were followed in order to identify Vibrio cholerae, Streptococcus fecalis and total and fecal coliforms. Diagnostic criteria were the following: Toxigenic O1 and O139 Vibrio cholerae were considered positive if there was at least one colony formation unit (cfu) in 100 milliliters or less than 1 cfu for one gram (humid weight) of sample; Escherichia coli was considered positive if there were at least 250 cfu/100 ml; and Streptococcus fecalis, if there were at least 100 cfu/100 ml.
Multiple tube fermentation technique was used to identify total and fecal coliforms. The confirmatory mediums were EC and Brilliant Green. Atypical colonies were selected and identified with biochemical tests: LIA (Lysin Iron Agar), TSI (Triple Sugar Iron), Simmons citrate and Urea to identify Salmonella spp.; and LIA, SIM, Simmons´ citrate and Lactose to identify E. coli..

Molecular identification was carried out by extracting DNA using the phenol-chloroform method. The molecular marker chosen was 16S rDNA and the gene was amplified using the primers -FD1 5`AGAGTTTGATCYTGGYTYAG 3` and -rP2 5`ACGGCTACCTTGTTACGACTT 3`. PCR was carried out using a Mini Cycler – MJ Research, with the profile denaturation at 95ºC for 30 s, annealing at 55ºC for 0:30 min and extension at 72ºC for 1:50 min. Sequencing took place at the Biotechnology Center of the Universidade Federal de Pelotas, RS, Brazil, using a MegaBACE TH 1000 (GE HEALTHCARE) automatic DNA sequencer and the DYEnamic ET DYE Terminator Cycle (GE HEALTHCARE) sequencing kit. A PCR reaction was carried out on a 96 PCR plate, using 100 and 500 ng of the purified PCR product, 5 pmol of each of the oligonucleotids for rRNA amplification of 16S rRNA (FD1, RP2 and S33 -533 5`GTGCCAGCAGCCGCGGTAA 3`)(Weisburg, Barns et al. 1991) and 2 (l of the sequencing mixture DYEnamic ET terminator cycle premix , in a final volume of 5 (l.  Amplification was carried out in an automatic thermal cycler (Eppendorf) using 25 cycles at 950C for 20 s, 500C for 15 s and 600C for one minute. Products obtained from the reactions were purified with ethanol (0.5 (l of ammonia acetate and 13.7 (l of absolute ethanol) and washed with ethanol 70%. After drying, purified material was re-suspended with loading buffer and inserted in the DNA Automatic Sequencer. Samples were injected in a capillary matrix, using 1 to 2 KV of voltage for 12 to 75 s and run at 9 KV for approximately 130 min. Sequencing results were analyzed with the Vector NI program and compared to the 16S rRNA gene sequence of the GeneBank database, by sequence alignment using the BLASTIN program of the National Center for Biotechnology Information (NCBI). 

Free life amoebae were researched by incubating the samples in a Petri dish with Agar 1.5% and inactivated Escherichia coli, for 4 days at 28oC. A flagellation test for Naegleria was carried out in positive cultures. Material was concentrated using a filtration and centrifugation-sedimentation technique (Franco, Rocha-Eberhardt et al. 2001). Testing for protozoa cysts was carried out using the Faust technique and the Ritchie technique. Cysts and trofozoits were identified by trichrome stain. For Cryptosporidium spp., plates were prepared using the sediment obtained from the centrifugation-sedimentation method. Samples were stained using the Kinyoun acid-resistant method. Giardia was investigated by enzyme-linked immunosorbent assay (ELISA) (Ungar, Yolken et al. 1984).

Fungi were identified using the membrane filtration technique with 0.45 μm membranes - Millipore (APHA - American Public Health Association 2005). Afterwards, filtration membranes were spread on plates with Sabouraud dextrose Agar (SDA) and Sabouraud Agar supplemented with ciclohexemida, in duplicate. In addition, serial decimal dilutions made from 1 mL of the original sample were transferred to a tube containing 9mL of PBS, up to a final dilution of 10-8. One milliliter of each dilution was added “pour plate” to 25 ml of Sabouraud agar and Sabouraud agar/cicloheximida in duplicate. Material was incubated at 370C for 7 days and assessed on a daily basis.  The identification of fungus isolates was based on the measure of growing velocity, superficial aspect of the mycelium and pigmentation, and recognition of macro-morphological characteristics. Micro-morphological characteristics were obtained by the micro-culture technique (Busta, Peterson et al. 1984).

Absolute and relative frequencies of pathogens were calculated according to the   sampling station and the month of collection. The mean, standard deviation and range of water salinity, ph and temperature parameters were also assessed.

Results

A total of 42 samples were collected during the above mentioned period, six for each station. Water parameters for the sample collection period were the following: mean salinity 0.45 % (SD 0.33, lowest value 0.3, highest value 1), pH 7.03 (SD 0.24, lowest value 6.5, highest value 7.5) and mean temperature 17o C (SD 3.03, lowest value 13, highest value 23).
Tables 1 and 2 show the total and fecal coliform colony count. The highest total coliform counts were found in stations 1 and 3, corresponding to the Port installations, and station 7 (urban). Fecal coliforms were highest at stations 3 (oil depot) and 7 (urban). The highest counts of E. coli were observed at the Roll on-Roll off pier and at the oil depot. For Salmonella spp., the highest cfu was in the oil depot and in the grain terminal. A Vibrio spp., identified by traditional methods, was not confirmed by the sequencing results. 
One of the microorganisms, which was initially identified by biochemical method as Escherichia coli, was found to be an enteroinvasive E. coli  (EIEC) 53638 strain when 16S rDNA sequence analysis was carried out.

As for the protozoa, all stations showed at least one species (Table 3). 

Pathogenic protozoa were found in 61.9% of all samples. The most frequent, according to the sampling station, was Acanthamoeba spp. isolated in 28.6% of samples, followed by Giardia spp. (16.7%). Other pathogenic protozoa were Naegleria spp. (9.5%) and Cryptosporidium spp. (7.1%).

At least one species of fungus was found in 35 of the 42 samples (88.3%). Table 4 shows the frequency of isolated fungi per station. It can be seen that most of the sampling places had at least three or more different types of fungus.

The most frequent was Aspergillus spp. with 33.3%, followed by Penicillium spp. (23.8%), Cladosporium spp. (21.4%), Rodothorula spp. (11.9%), and Mucor spp., Madurella spp., Trichophyton spp. and Sculariopsis spp. (all with 7.1%). Other species such as Candida spp., Streptomyces spp., Geotrichum spp., Cryptocococus spp. or Geocladium spp., were less frequent.
Discussion

This study assessed the risk for the presence of pathogenic agents at the Port of Rio Grande. Results showed the presence of not only bacteria, but also pathogenic protozoa and fungi.

Different levels of total and fecal coliforms were identified at most port sampling stations. Some counts are above the Brazilian balneability standards defined by CONAMA, the Brazilian National Environmental Council. Depending on the station and month, bacterial count was as high as 104 cells/100 ml. This level of total and fecal coliforms is close to that reported for Hong Kong (Ni and Lin 1986), but lower than in Mumbai Harbor, India (Ramaiah, Vrushali Kohle et al. 2005). This finding is related to the potential presence of pathogenic human bacteria (Efstratiou, Mavridou et al. 2009). As for the enterobacteriaceae, Escherichia coli was more prevalent than Salmonella spp., a result that is in line with the findings of the Mumbai study (Ramaiah, Vrushali Kohle et al. 2005). Different groups of pathogenic Escherichia coli exist: the enteropathogenic (EPEC) and the enterotoxigenic (ETEC) groups cause non-inflammatory diarrhea, while the enterohaemorrhagic (EHEC), the enteroaggregative (EAggEC) and the enteroinvasive (EIEC) groups produce an inflammatory type (Kaper, Nataro et al. 2004). The Escherichia coli 53638 strain identified in our study belongs to the EIEC group, and is responsible for human dysentery, similar, although less severe, than that produced by Shigella (Hart, Batt et al. 1993).

Four pathogenic species of protozoa were identified.  Acanthamoeba spp. was the most common, followed by Giardia spp., Naegleria spp. and Cryptosporidium spp.. Every station presented at least one type. Studies have demonstrated that these protozoa cause disease. For example, Naegleria spp. and Acanthamoeba spp., two free-living amoeba, that have been found in various types of water sources, are responsible for encephalitis and keratitis in humans (Radford, Minassian et al. 2002; Marciano-Cabral and Cabral 2003).  Cryptosporidium is a pathogen  associated with immunodeficient patients (Hunter and Nichols 2002), but also in immunocompetent subjects where it can cause a diarrheal disease (Casemore, Sands et al. 1985). Some epidemic events have been described in all parts of the globe since 1984. A relationship between this protozoan and fecal coliforms has been reported in other studies (Touron, Berthe et al. 2007).

This study identified different genera of fungi. The most common were Aspergillus spp.  and Penicillium spp.. A study carried out in bathing waters at a different geographical location also identified these two genera as the most common (Arvanitidou, Kanellou et al. 2002). Other fungi, such as Candida spp., Cryptococcus spp. and Rhodotorula spp., found in this study, were also recognized at different geographic locations, which demonstrates the ubiquity of these yeasts 


(Arvanitidou, Kanellou et al. 2005; Kidd, Chow et al. 2007) ADDIN EN.CITE . Some of the fungi identified in this study may cause disease in non-immune compromised individuals, as well as in patients with underlying disease or with compromised immune response (Groll and Walsh 2001).

Some considerations have to be made about port ballasting/deballasting activities and the consequences for human health. Studies have shown that microorganisms, such as E. coli and Vibrio cholerae O1, can survive for several weeks in sea water and ballast water (McCarthy 1996). Little information exists about the survival of fungi and protozoa in this kind of environment. Some fungi are sporulated and therefore more resistant, so it is conceivable that they can be transported via ballast water from one location to another.

Another concern is that prevalent pathogenic local biota could be affected by foreign species introduced via ballast water. When one pathogenic microorganism is introduced in the human and animal biota, even if it already exists in this new location, it can carry intrinsic modifications that were acquired at its source. Examples of such modifications are drug resistance or changes in virulence and pathogenic profile (Nordmann and Poirel 2005).

Although fungi, bacteria or protozoa in port water are less likely to infect humans compared to other forms of transmission (such as drinking contaminated water), there is still a risk. Other studies have described how consumption of contaminated sea or freshwater food is associated with bacterial (Brands, Inman et al. 2004) or protozoan infection (Schets, van den Berg et al. 2007). In the case of fungi, it has been reported that isolates of Aspergillus fumigatus collected from water were genetically related to samples from patients (Warris, Klaassen et al. 2003). Also well known, and more remarkable, is the relationship between Vibrio cholerae and ballast water. Some studies have found that this bacterium can be transported through ballast water from epidemic areas to epidemic-free ones (McCarthy and Khambaty 1994). It is hypothesized that this mechanism, among others, could have been responsible for the introduction of the bacteria and the beginning of the South America Cholera outbreak in 1991.

An increase in shipping activity has increased the risk of the introduction of new or variants of existing pathogenic microorganisms via deballasting water in the port. Even though legislation and guidelines exist for the management of ship ballast water (IMO - International Maritime Organization 2004), they are not always followed. Such lack of control increases the risk of contamination due to ballasting and deballasting in port water. Resolution A.868 of The International Maritime Organization recommends that signatory countries promote research in this area in order to discover the normal biota of the ports and to monitor export and import of species through ballasting and deballasting operations, to minimize the risk of health and environmental problems (IMO - International Maritime Organization 1997).  This study is committed to this recommendation and also justifies the need to broaden research to include hazardous fungi and protozoa in Brazilian port water. The health sector agenda must consider and include this issue as a Public Health problem due to its potentially negative impact on human health and the increase in ballasting-deballasting activities, particularly in Brazil
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