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 SEQ CHAPTER \h \r 1Abstract

The effects of chlorate/nitrate/lactate administration, (chlorate) age at weaning (10 and 21 days), and topically applied disinfectant on Salmonella enterica shedding were evaluated in 80 weaned pigs from litters with dams that were Salmonella culture positive 0-2 days after farrowing. Salmonella spp. were qualitatively detected in samples collected on  post-weaning days (pwd) -2, 10 and 14 and the concentration estimated for samples collected pwd 0, 5 and for pwd 14 cecal content.

Lower Salmonella prevalence was found in chlorate treated pigs for all post-treatment qualitative samples. An interaction was detected between chlorate and disinfectant for pwd 10 fecal samples and between age at weaning and chlorate for pwd 14 fecal samples. chlorate reduced number of Salmonella spp. in pwd 5 fecal samples and in pwd 14 cecal samples. Early weaned pigs had a fewer Salmonella in cecal content and lower prevalence in ileocecal lymph nodes than did late weaned pigs.

chlorate was effective at reducing shedding, but did not prevent shedding in weaned pigs.  Early weaning had no impact on shedding at weaning, although age at weaning was associated with lower shedding in subsequent samples.  Topical disinfection reduced but did not eliminate shedding. The protective effects detected persisted 9 days after the final administration of chlorate.  Topical disinfection and chlorate may be useful tools to use in farms that practice segregated weaning, and where sow to piglet transfer of Salmonella is an important source of infection in nursery pigs
Introduction

Salmonella enterica spp. have been commonly detected in U.S. swine herds.  In a study of 160 randomly selected herds, Salmonella were detected in fecal samples from 61 herds (38.2%) (Anonymous, 1995). In Midwest U.S. herds, 80 of 134 (60%) herds had one or more culture positive ileocecal lymph node sample (Bahnson, et al., 2003).  Salmonella were detected in 4.3% of carcasses tested by regulatory authorities in the U.S during the period 1998-2003 (Anonymous, 2004). If recontamination of live pigs and carcasses were prevented, on-farm elimination or reduction of Salmonella in the pig gut would enhance pork food safety.

Elimination of Salmonella spp. by segregated early weaning has been previously documented. Salmonella were eliminated from groups of pigs maintained in narrow age ranges in segregated nurseries. However, the technique was not effective in all groups (Fedorka-Cray et al., 1997).  Salmonella choleraesuis, a host-adapted serovar, was successfully eliminated by offsite weaning from a single herd of pigs (Nietfeld et al., 1998). Using an experimental challenge model, Anderson et al. (2001) documented a bacteria reduction of 1.4 to 2.7 logs in cecal content. Consequently, we hypothesized that chlorate may be useful to reduce or eliminate Salmonella spp. in conjunction with segregated early weaning. Because fecal contamination of the weaned piglets was likely, we also wanted to investigate whether topical disinfection, used separately or in conjunction with the other two treatments, would aid in Salmonella control at weaning.  
Objectives of Research Project:

1. Determine whether age at weaning, application of topical disinfectant, or administration of sodium chlorate modifies or effectively eliminates the transmission of Salmonella infection from sows to offspring, using age segregated production techniques

2. Determine whether these treatments need to be applied singly or in combination to modify or effectively eliminate transmission of Salmonella from sows to offspring

Materials & Methods
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[image: image2.emf]A farm was selected as the source of weaned pigs based on a history of Salmonella spp. detected in weaned pigs.  Fecal samples (10 g) were tested for Salmonella from sows 0-2 days after giving birth. Litters from sows with Salmonella-positive fecal samples and with at least eight viable pigs were eligible for selection. Sows were tested for Salmonella shedding in fecal samples collected 0-2 days following farrowing.  Non-viable pigs were defined as being at least 30% lower weight than their littermates. Among viable pigs, eight were randomly chosen per litter. One pig from each litter was randomly assigned to one of eight treatment combinations in a 2x2x2 randomized block study design (Table 1). The treatments were: 1) weaning at 10 or 21 days of age 2) administration of chlorate, nitrate and lactate in water (chlorate) or plain water, and 3) application of a topical disinfectant (disinf). Upon arrival to an isolation facility, pigs in the chlorate treatment group were given 10 ml water with 100 mMol sodium chlorate, 2.5 mMol sodium nitrate and 20 mMol sodium lactate. Pigs were provided this mixture in the drinking water for five days. The concentration was formulated such that total chlorate consumption was expected to be 80 mg/kg/day, as previously described (Anderson, et al., 2004). Povidone iodine was applied topically to pigs in disinf + groups by drenching pigs with a 1% solution as they arrived at the isolation facility.  
Pigs were transported to a sanitized isolation facility at either 10 or 21 days of age.  Five pigs were housed together in each of eight rooms.  The study was replicated once, for a total of 80 pigs.  To minimize the potential transfer of Salmonella between rooms, separate coveralls and boots were kept at each room.  In addition, personnel used disposable gloves and hairnets, discarding these between rooms. Hands were  washed with a disinfectant soap and water before gloving.  
Pigs were fed a diet intended to mimic complex starter diets commonly used in U.S. commercial swine production, including corn, soybean meal, whey, lactose and irradiated spray dried plasma (Nutrapro Animal Plasma,® American Protein Corporation, Ankeny, Iowa.). Diet ingredients except vitamins and trace minerals were irradiated to ensure that no Salmonella were introduced by feed ingredients.  To prevent possible damage to the plasma protein from high dose irradiation used for these ingredients, all diet ingredients except the plasma protein and trace mineral and vitamins were mixed and irradiated.  Plasma protein, irradiated at a lower dose by the manufacturer, and the trace minerals and vitamins were then mixed when the diets were bagged.  Plasma protein and all batches of feed were cultured for Salmonella.    

Fecal samples were collected on post-weaning days (pwd) -2, 0, 5, 10, and 14 relative to weaning. In addition, on pwd 14, samples of ileocecal lymph nodes and cecal content were collected after humane euthanasia using an overdose of pentobarbital.  Conventional bacterial culture techniques were used for qualitative detection of Salmonella in fecal samples collected on pwd -2, 10 and 14, and for the ileocecal lymph node samples.  Briefly, 3 g of feces were homogenized in 30 ml of tetrathionate broth (TT), then incubated for 42-48 h. An aliquot of this broth (100 µl) was then transferred to 10 ml of R-10 broth, which was incubated for 18-24 h. A loopful of R-10 broth was streaked onto an XLT-4 (Xylose-Lysine-Tergitol-4) plate and incubated for 18-24 h. One suspect colony was plated onto a brilliant green (BG) plate. Identity as Salmonella spp. was confirmed using polyvalent Salmonella antibodies (Salmonella Polyvalent O Agglutinating Sera A-G, Fisher Scientific Ltd®.) All incubations were at 37°C.
A most probable number (MPN) method (Blodgett, 2003) was used to quantify the number of Salmonella spp. per g of sample in pwd 0 and 5 fecal samples and for the pwd 14 cecal content. Three grams of each sample were assayed using three replicates of four ten-fold dilutions.  All sample dilutions were then processed following the bacterial culture described above, except that the volume of TT was 10 ml per tube. The MPN was computed using a spreadsheet program (Blodgett, 2003).  After finding several samples with all 12 tubes showing positive growth in the first set of samples collected, two additional dilutions were added for a total of 18 tubes per sample for all remaining samples.  Log transformed MPN estimates were analyzed by using SAS PROC MIXED (Version 9.1, SAS Inst., Inc., Cary, NC, USA) with random effects for litter and reported as log MPN per gram of sample. Qualitative outcomes were analyzed as log-odds (logits) using SAS PROC GLIMMIX (Version 9.1, SAS Inst., Inc.). All treatment effects with statistical significance at p<0.05 are reported.

Results

Objective 1

All feed and environmental samples were culture negative for Salmonella. Shedding of Salmonella at weaning (pwd 0) was associated with the age at weaning. The concentration of Salmonella spp. at weaning for pigs weaned at 10 days of age was 101.63 CFU/g and was 100.77 CFU/g pigs weaned at 21 days of age.  No differences were found in CFU/g in fecal samples on pwd 0 by chlorate and disinfect as would be expected based on the randomization of subjects at weaning.

Two days prior to weaning, 56.3% (45/80) of all fecal samples were Salmonella-positive.  Although not statistically different, pigs weaned at 10 d of age had a numerically higher proportion of positive fecal samples (62.5% positive) when compared to those weaned at 21d of age (50% positive).  At weaning, the mean Salmonella CFU/g feces was 102.29. chlorate was associated with lower prevalence and concentration of Salmonella in all samples tested.  Specifically, chlorate treated pigs had lower CFU/g feces at pwd 5 (100.35 vs. 101.88 CFU/g), lower fecal prevalence at pwd 10 (43.6% vs. 71.4%), lower cecal CFU/g at pwd 14 (100.48 vs. 101.93), lower fecal prevalence at pwd 14 (45.0% vs. 79.6%) and lower ileocecal lymph node prevalence at pwd 14 (45%, 66.7%).

When compared to pigs weaned at 21 days of age, pigs weaned at 10 days of age had lower Salmonella prevalence in feces on pwd 10 (39.3% vs. 73.2%) and pwd 14 (58.0% vs. 77.8%) lower prevalence in pwd 14 ileocecal lymph nodes (38.7% vs. 76.5%), and lower CFU/g in pwd 14 cecal samples (100.87 vs. 101.68).  Application of topical disinfectant was associated with lower fecal prevalence at pwd 10 (40.5% vs. 72.2%) and pwd 14 (46.8% vs. 84.6%).
Objective 2

Two statistical interactions were identified.  The protective effect of chlorate was strongest for pwd 10 fecal prevalence among disinfect+ pigs, and was strongest for pwd 14 fecal samples among pigs weaned at 21d of age (Figure 1).
3. Discussion

Administration of the chlorate / nitrate / lactate mixture substantially reduced the concentration and prevalence of Salmonella spp. shed in feces, cecal content and ileocecal lymph nodes, demonstrating that chlorate administration can be effective in reducing the shedding of Salmonella in weaned pigs. To our knowledge this is the first time that this protective effect has been demonstrated in naturally exposed pigs. Further, the effect size here is similar to that demonstrated in challenge studies with pigs (Anderson, et al., 2004), further suggesting that chlorate may be an effective preharvest Salmonella reduction tool.
Although effective at reducing shedding, the treatments tested were insufficient to break the cycle of Salmonella transmission from mother to offspring. In contrast to reported cases, the current study ensured exposure by testing and selecting shedding dams, something not reported in prior work (Fedorka-Cray, et al., 1997, Neitfeld, et al, 1998).  Thus, although segregated weaning techniques may be successful in certain cases, the findings of the current study suggest that this technique may not be effective if sows are shedding during lactation. 
Salmonella are facultative anaerobes, that is, they can multiply in both aerobic and anaerobic environments.  In their anaerobic mode, these bacteria can conserve energy by reducing nitrate to nitrite (Figure 2).  Nitrate reductase, the bacterial enzyme that catalyzes this reaction, also enables the conversion of chlorate to chlorite.  Since chlorite is cytotoxic, cell death results.  Mammalian cells and many bacterial cells, including most beneficial gut bacteria, do not convert chlorate to chlorite, and are therefore not affected by this compound (Stewart, 1988).  Studies with ruminants (Anderson, et al., 2002, 2005; Callaway et al., 2002, 2003; Edrington et al., 2003) and monogastrics (Anderson et al., 2001a, b, 2004b; Byrd et al., 2003; Jung et al., 2003) have demonstrated the efficacy of experimental products containing chlorate salts in reducing E. coli and Salmonella.  

Although chlorate was administered for only five days, CFU/g sample and Salmonella prevalence remained lower in pigs treated with chlorate, disinfectant and those weaned earlier for the duration of the study.  Although this duration, 9 days, was relatively brief, it suggests the possibility that interventions may have a sustained impact. This could have practical ramifications for pre-harvest control of Salmonella, depending on how prolonged these effects are.  If limited to 9 days, it would at least open the possibility of applying chlorate to all the pigs in a batch or barn before the first pigs are marketed in a group. Since pigs are often marketed from batches over a 1-2 week period, repeated treatments may not be necessary for the desired effects.  A more prolonged effect would open new possibilities. Further investigations of this extended protective effect seem justified.
The interaction detected between chlorate and disinfection effects suggests that coupling these two procedures gives a more protective effect than observed by either treatment administered on its own.  The surface contamination of piglets possibly resulted in reinfection after termination of the chlorate treatment. Alternately these findings may suggest that disinfection is relatively less effective if the proportion of shedders is not reduced after disinfection.    

Lay Interpretation

The results of this study document that sodium chlorate / nitrate / lactate, used alone or combination with early weaning and/or topical disinfection can be effective in reducing Salmonella concentration in feces and cecal content and in reducing Salmonella prevalence in feces and ileocecal lymph nodes. Since the compound has low toxicity and can be applied to pigs of differing ages, these findings suggest that chlorate should be considered as a preharvest intervention to reduce Salmonella shedding in swine.  The treatment was ineffective in breaking the cycle of transmission at weaning, even when done in combination with other treatments.  The Salmonella reduction was prolonged through the 9 days of follow-up testing.  This may allow for increased flexibility in the application of chlorate as a pre-harvest intervention. In sum, topical disinfection and chlorate may be useful tools for farms that practice segregated weaning, and where sow to piglet transfer of Salmonella is an important source of infection in nursery pigs. However, this would be effective as a food safety intervention if and only if the duration of protection is sustained through the growing period, a question that was not addressed in the current study.
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Table � SEQ Table \* ARABIC �1�.  Number of pigs studied by treatment factor.
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1 Application of topical disinfectant on entry to the isolation facilities


2 Application of chlorate / nitrate / lactate with drinking water five days after weaning





Figure � SEQ Figure \* ARABIC �2�. Schematic of nitrate reductase activity in enterobacteriaciae.  (Stewart, 1998)
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Figure � SEQ Figure \* ARABIC �1�.  Statistical interactions between CHLORATE and DISINF, and between CHLORATE and weaning age.














