Journal of the American Association for Laboratory Animal Science

Volume 52, Number 2, March 2013
OVERVIEW

Bind et al. The Role of Pheromonal Responses in Rodent Behavior: Future Directions for the Development of Laboratory Protocols, pp. 124-129

Primary Species: Mouse (Mus musculus) and Rat (Rattus norvegicus)
 

SUMMARY: Specific laboratory protocols can affect rodent pheromone production and perception resulting in changes in animal behavior and confounding of experimental results. This paper offers recommendations for the refinement of laboratory procedures, focusing on cage cleaning and sanitation, rodent housing, and the release of alarm pheromones. 

 

A pheromone is a species specific chemical signal that incites a response in another organism. 

Rodents possess both a main olfactory epithelium which is triggered by airborne odorants and a vomeronasal organ triggered by fluid-phase odorants. Signals originating in the olfactory epithelium travel to the main olfactory bulb and then to the olfactory cortex and other sensory centers. Signals originating in the vomeronasal organ travel to the accessory olfactory bulb, to the amygdala, then to the hypothalamus to produce endocrine signaling. These separate pathways result in different behavioral functions. The olfactory system uses higher-order brain regions in response to stimulation where stimulation of the vomeronasal organ typically results in stereotyped behaviors.

 

Cage Cleaning, Bedding, and Sanitation: The decision for frequency of cage changes should include the consideration that placing rodents in clean caging may negatively affect a rodents chemical signaling. 

· One study in male rats showed an increase in heart rate and arterial blood pressure for 1 hour post cage change with a corresponding change in behavior during this hour with increased rearing and grooming. 

· Another study showed that transferring 1 cup of dirty bedding into the clean cage did not attenuate this increase in blood pressure or heart rate. 

· There has been shown a positive correlation between the number of cage changes and the frequency of cannibalistic behavior.

· If cages are not changes frequently enough, some rodents begin to show more aggressive behavior.

· Less aggression is expressed by a resident mouse toward an introduced mouse if the urine from the resident is swabbed on the introduced mouse.

· Poor quality bedding allows volatile pheromones in the urine to aerosolize outside the primary enclosure and disperse into other cages, where they can induce behavioral changes, such as Lee-Boot, Whitten, Bruce, Vandenbergh, and Hoover and Drickamer effect.

· Pups release a pheromone, dodecylproprionate, from the preputial gland that stimulates the maternal vomeronasal organ, resulting in maternal anogenital licking of the pup to stimulate defecation.

· Paper Recommends: bedding should be changed frequently enough to avoid airborne pheromones and keep cage tidy but not so frequent as to eliminate the rodent own pheromone and cause stress. Cage changes should be avoided during behavioral testing.  Bedding and sanitizers should not be scented and bedding types should remain constant. 

 

Housing: Scent may play a role in organization of social status and competitive behavior in inbred male mice.

· Mice exposed in their home cage to soiled bedding from other mice mount more aggressive attacks than controls. 

· In one study, one mouse was marked with hair dye for identification and it was noticed the dyed mouse was significantly more likely to be the subordinate of the pair. 

· Rats housed with 1-3 cage mates had decreased heart rates and mean arterial blood pressures than those housed singly. 

· Male and female rats housed in identical conditions experience different biological effects. Males develop an increase in corticosterone levels under crowded conditions whereas females show a significant decrease in corticosterone after crowding.

· Paper Recommends: Avoid testing mice in unclean testing apparatus. When marking rodents with hair dye, mark all mice using different patterns. Housing conditions must be controlled for when comparing results within and across studies.

 

Alarm Pheromones: Animals release an alarm pheromone in response to stress or perceived danger. It is water soluble and there are 2 types with different functions. One is released from the perianal region and induces an autonomic stress response in the recipient rodent. The other is released from the whiskers and induces behavioral changes such as rearing, walking and sniffing.

· Mice respond to an alarm pheromone with an increase in climbing, air sampling and rearing.  

· 30 minute after exposure to an alarm pheromone, behavior changes diminish indicating a habituation to the odor.

· Rats tested in a water maze after another rat without changing water show no immobility on first placement in the water seen in rats placed in clean water. This change in behavior can be seen up to 8 days after the original use suggesting the alarm pheromone is biologically active in water for more than a week.

· Paper Recommends: Researchers should consider the effects of alarm pheromones during routine laboratory procedures that might cause stress in the animal. Laboratory equipment, especially that used in behavioral testing, should be cleaned between animals to reduce pheromones from affecting test results. 

 

QUESTIONS
Match the term with the appropriate effect seen in rodents.

 

	1.   Bruce Effect
	a.   The tendency of urine from a foreign pregnant or lactating female mouse to prolong estrus

	2.   Hoover-Drickamer Effect
	b.   The tendency of pre-pubertal female mice to enter an early first estrus after exposure to urine of a sexually mature male

	3.   Lee-Boot Effect
	c.   The tendency of female mice to terminate their pregnancy when exposed to the scent on an unfamiliar male

	4.   Vandenbergh Effect
	d.   The tendency of synchronized estrus in female mice exposed to the urine of a sexually mature male

	5.   Whitten Effect
	e.  The tendency of female mice house together and in isolation of males to have suppressed or prolonged estrus, decrease in LH, and an increase in prolactin


 

ANSWERS
1.
c

2.
a

3.
e

4.
b

5.
d
Thigpen et al. The Estrogenic Content of Rodent Diets, Bedding, Cages, and Water Bottles and Its Effect on Bisphenol A Studies, pp. 130-141
 

SUMMARY: The potential adverse health effects of endocrine-disrupting compounds (EDC) are of great concern globally. There exists a valid screening program to identify and test them and was created to evaluate their potential to disrupt normal endocrine functions and cause adverse effects in humans, fish and wildlife. The ECD most studied is bisphenol A (BPA) which is an estrogenic compound found widely in the environment as a component of plastic cages, plastic bottles, food-can liners, and dental sealants. Currently there is no consensus regarding the lowest observed adverse effect levels for BPA because rodent studies have yielded inconsistent data regarding its toxicity. The primary source of ECD for laboratory animals comes from the animals’ diet. More than 300 plants and plant products, including some used in laboratory animal diets, contain phytoestrogens. Animals bedding also can be a source of exogenous estrogens, corncob is a type of bedding widely used, highly absorbent bedding, and zearalenone is ubiquitous in this type of bedding. Additional sources of exogenous substances include animal cages and water bottles. In conclusion animal studies designed to determine the adverse effects of EDC should carefully consider the choice of the maternal and experimental diets, bedding, cages, and water bottles used to minimize the potential effect of exogenous estrogenic substances on study outcomes. Ideally, an estrogen-free diet, bedding, caging, and water bottles should be used for studies where the primary goal is to determine the estrogenic activity of BPA or other EDC.

 

QUESTIONS
1. T or F: EDC can be endogenous chemicals, pesticides or herbicides.

2. What is the main source of the phytoestrogens daidzin, genistein and glycitin?

3. T or F: The developmental stage of the animals in the study and route of exposure are key factor to consider when conducting toxicologic or estrogenic studies with BPA.

ANSWERS:
1. F. EDC can be exogenous chemicals, including pesticides or herbicides.

2. Soybean meal.

3. T
ORIGINAL RESEARCH

Reproduction

Allen et al. Comparison of 2 Rat Breeding Schemes Using Conventional Caging, pp. 142-145
Domain 4: Animal Care; Task 2 and 3

Primary Species: Rat (Rattus norvegicus)

SUMMARY: Two breeding schemes are analyzed and compared in order to study conventional housing in comparison with the new recommendations of the 8th Edition of The Guide. Continuous uninterrupted monogamous pairs were compared with intermittently mated pairs in which the male is removed after parturition. 

Findings were that the uninterrupted monogamous pairs performed better despite being considered in smaller housing recommendations than are currently being recommended. The parameters for the litters were equivalent except for weaning weights which were significant higher in the uninterrupted pairs than in the interrupted pairs. It is considered that social interaction is more important to stress reduction than is additional floor space. 

 

QUESTIONS
1. 
Name two types of breeding schemes in the rat?

2. 
What are the current floor space recommendations in the 8th Edition of The Guide for rats?

3.  
What is the current standard floor space for rat cages?

ANSWERS
1. 
Continuous monogamous mating and intermittent monogamous mating. 

2.  
The Guide recommends 124 in2 for an adult rat and her litter, and a graduated amount of space for individual additional adult rats; if less than 100 grams, add 17 in2; if over 500 grams add 70 in2
3. 
140 in2
 

Husbandry

Dauchy et al. Effects of Spectral Transmittance through Standard Laboratory Cages on Circadian Metabolism and Physiology in Nude Rats, pp. 146-156

Primary Species: Rat (Rattus norvegicus)
 
SUMMARY: The effect of light on mammalian circadian behavioral, physiologic and metabolic processes are under control of the SCN, which itself is affected by regular alterations in light-dark cycles and the daily melatonin signal. In the absence of signals from the SCN, circadian rhythms of cellular physiology and metabolism in peripheral tissues become disrupted, culminating in extreme disorganization of overall whole-body physiology and metabolism. Therefore, the effect of the spectral transmittance of light through standard but differently colored laboratory cages on the physiology and metabolism in laboratory animals was measured. Female nude rats were maintained on 12:12-h light:dark regimen (300 1x; lights on 0600) in standard translucent clear, amber, or blue rodent cages (6 per group). The intensity and duration of lighting were the same for all groups. Arterial blood levels of pO2, pCO2, melatonin, total fatty acid, glucose, lactic acid, insulin, leptin, and corticosterone concentrations at 6 circadian time points were analyzed. Plasma melatonin levels were low (1.0 ± 0.2 pg/mL) during light phase in all groups but higher at nighttime in rats in blue cages (928.2 ± 39.5 pg/mL) compared with amber (256.8± 6.6 pg/mL) and clear (154.8 ± 9.3 pg/mL) cages. Levels of total fatty acid, glucose, lactic acid, leptin, insulin, and corticosterone were disrupted in rats housed in blue or amber compared with clear cages. As a conclusion, temporal coordination of circadian rhythms of physiology and metabolism can be altered markedly by changes in the spectral quality of light transmitted through colored standard rodent cages.

 

QUESTIONS: T or F

1.  
Longer wavelength light, above 550nm,of sufficiently high intensity and duration can acutely suppress melatonin and further phase-shift or entrain circadian rhythms.

2. 
Previous research has shown that the spectral, irradiance and luminance characteristics of light can’t influence circadian, neuroendocrine, and neurobehavioral responses in different species of rodents housed in polycarbonate cages.

ANSWERS
1. 
T

2.  
F

Van Scott et al. Effects of Psychosocial Stress in a Nonhuman Primate Model of Allergic Asthma, pp. 157-164
Domain 3: Research
Primary Species: Macaques (Macaca spp.)
SUMMARY: The present study was undertaken to determine whether psychosocial stress in nonhuman primates is associated with altered respiratory responses to aeroallergen. Because stress affects immune responses, psychosocial stress associated with changes in the group housing of nonhuman primates may affect allergic responses in a nonhuman primate model of allergic asthma. From 2007 to 2011, 35 cynomolgus macaques were housed and maintained with established sensitivity to house dust mite (HDM). During this period, macaques were challenged with aerosolized HDM extract according to a set schedule. The animals with variations in responses that could not be explained by clinical or experimental interventions were reviewed and compared with husbandry and clinical records. This was to determine if unexplained variations could be explained by events known to cause psychosocial stress in this species (group restructuring, temporary isolation of group members, changes in cages or rooms configurations). Adult macaques in the absence of a change in the social environment exhibited little variation in responses to aerosolized antigen. Changes in group membership (conspecifics), cage configurations, and temporary isolation of a group member were associated with decreased responses to HDM. The observations of this study are consistent with findings in nonhuman primates and rodents regarding acute stress: it diminishes the physiologic response to inhaled allergen in HDM-sensitive cynomolgus macaques.

QUESTIONS
1.
T or F: There is evidence that asthma itself induces psychological stress, thereby establishing a positive feedback augmentation of the disease.

2.
T or F: Studies conducted in both animals and humans over 3 decades reveal strong associations between psychosocial stress and immune function, to the extent that alteration in immune function is considered to be a defining characteristic of a stress response.

3.
T or F: SIV-infected rhesus macaques do not die sooner when faced with psychosocial experiences that likely produce stress.

ANSWERS
1.
T

2.
T
3.
F    

Health Surveillance

Jackson et al. Development of a PCR Assay for the Detection of Spironucleus muris, pp. 165-170
Primary Species: Mouse (Mus musculus)

 

SUMMARY: Spironucleus muris (formerly Hexamita muris) is considered an opportunistic species, and can be found in mice, rats, and hamsters.  It is a flagellated protozoan that inhabits the small intestine of young animals following the ingestion of cysts.  Later, trophozoites sequester in the crypts of the pylorus and become very difficult to detect in adult animals. S. muris is often included on exclusion lists for rodent facilities, though its effect on animal health and research are still under debate.  Usually no clinical signs are noted in immunocompetent adults, but for immunocompromised or young mice it may cause enteritis, poor growth, abdominal enlargement, and death.  

Currently, the most common methods for diagnosis include postmortem observation of trophozoites on wet mounts of intestinal contents or in histologic sections of the small intestine.  Here, the authors sought to develop and optimize a PCR assay with sufficient specificity and sensitivity to use on fecal samples from live animals. PCR testing was performed on fecal samples from 74 mice of varying ages and compared with wet-mount exam results.  Additionally, PCR was collected weekly on feces from mice starting at 3 weeks of age until 8 weeks of age to determine changes in fecal load over time.  Results were compared with wet-mount preps at the end of the 5 week study.

 

Results:  Quantitative results showed an increase in fecal shedding initially – an average of 1000 copies at 3 weeks old, to 3000 copies at 4 weeks old.  After 5 weeks of age the numbers dropped considerably.  

All PCR results correlated with findings on wet-mount examinations, making it highly specific.  The assay that the authors developed targets the 16S-like rRNA gene in S. muris, and was found to be highly specific as well, requiring as few as 5 template copies per micoliter diluent for positive results.

 

QUESTIONS
1. 
S. muris would be most easily detected in which animal?

a.
5 day old mouse

b. 
4 week old mouse

c. 
3 month old mouse

2. 
S. muris trophozoites were noted on all wet-mount preparations from animals that tested positive on the PCR assay.  No S. muris trophozoites were noted in wet-mount preparations from animals that tested negative on the PCR assay.  This means that the assay created is highly:

a. 
Specific

b. 
Sensitive

3. 
Very few template copies per microliter of diluent are needed to result in detection by a PCR assay.  This means that the assay is highly:

a. 
Specific

b. 
Sensitive

 
ANSWERS
1.
b
2. 
a
3. 
b
 

Anesthesia

Matthias et al. Local Cryoanalgesia Is Effective for Tail-Tip Biopsy in Mice, pp. 171-175

Primary Species: Mouse (Mus musculus)
SUMMARY: Tail tip biopsy is commonly performed to acquire tissues for genotyping of genetically modified mice. Typically, this procedure is performed with the animals placed under inhalant anesthesia via isoflurane. There can be complications up to and including death when using isoflurane. This group investigated the use of local cryoanalgesia for animals undergoing tail biopsy. Cryoanalgesia is used in humans as a minimally invasive method for producing local anesthesia and is efficient for short-term use. Following the tail biopsies all groups were monitored for blood glucose levels, body weight, water and food intake and in animals receiving the cryoanalgesia a tail-pinch assay was performed. 

 

Results:  Blood glucose was elevated in all animals undergoing the tail biopsy. This elevation was more prolonged in animals that received the isoflurane anesthesia. Tail-pinch latency at 20 minutes was greater than that after 2 minutes in all mice that received ethylene chloride spray. All of the mice gained weight and there was no difference in food or water intake between groups. 

 

QUESTION
1. T or F. Catecholamines stimulate the processes of glyconeogenesis, glycogenolysis, and lypolysis.
ANSWER
1. True

Hill et al. Repeated Administration of Tribromoethanol in C57BL/6NHsd Mice, pp. 176-179

Primary Species: Mouse (Mus musculus)

SUMMARY: This study evaluated the effects of 2 doses of tribromoethanol (TBE) on days 0 and 8 vs. single dose TBE, saline, vehicle, and no treatment groups. Drugs were all administered IP. The pedal reflex was used to evaluate to determine induction of anesthesia time, anesthetic duration, and recovery in the TBE groups. Mice with single TBE administration did become recumbent yet retained pedal reflex. 9/10 mice receiving the second dose of TBE lost the pedal reflex. Induction time ranged from 2-7 minutes, duration ranged 5-16 min, and recovery 17-32 min. No significant organ or tissue pathology was observed in any study animal. The authors do urge caution when using TBE due to its variable anesthetic effectiveness. 

QUESTIONS

1. What is another name for TBE?

2. What are some morbidities described with the use of TBE?

3. Is TBE pharmaceutical grade? 

4. What is a common reason for the use of TBE? 

5. At what receptors does TBE work? 

ANSWERS

1. Avertin

2. peritonitis, intestinal ileus, muscle necrosis, serositis of abdominal organs, and death

3. No

4. Production of genetically engineered mice and rats

5. GABAA and glycine

Experimental Use
Uthamanthil et al. Urinary Catheterization of Male Rabbits: A New Technique and a Review of Urogenital Anatomy, pp. 180-185

Domain 3: Research; K1

Primary Species: Rabbits (Oryctolagus cuniculus)

SUMMARY: Manual retrograde urinary catheterization of male rabbits can fail due to misplacement of the catheter into the vesicular gland. This retrospective study examined the success of a novel counter pressure technique as compared to blind, retrograde manual technique. The counter pressure technique involves placing the index finger of one hand immediately caudal to the pubic symphysis while the catheter was sterilely threaded into the urethra. This pressure redirected the tip of the catheter ventrally within the urethra. Use of this technique demonstrated a >95% success rate as compared to a 40% success rate using the standard technique. Successful placement was indicated by both collection of urine from the catheter. CT imaging was used to demonstrate both incorrect placement into the VG as well as correct placement into the urinary bladder in one rabbit.

QUESTIONS
1. 
What is the colliculus seminalis?

2. 
What accessory sex glands are located along the dorsal aspect of the male rabbit urethra?
3. 
Does the rabbit have an os penis?

4.
Why is rabbit urine generally cloudy?

ANSWERS
1. A valve like structure at the entrance of the vesicular gland from the urethra which controls release of sperm and vesicular gland secretions in rabbits and prevents entry of urine into reproductive glands.
2. Seminal gland, vesicular gland, proprostate, prostate, paraprostate and bulbourethral gland.

3.
No

4.
High precipitate concentrations of ammonium magnesium phosphate and calcium carbonate monohydrate

Felt et al. Tissue Distribution of Enrofloxacin in African Clawed Frogs (Xenopus laevis) after Intramuscular and Subcutaneous Administration, pp. 186-188

Domain 1

Secondary Species: African Clawed Frog (Xenopus spp)
 

SUMMARY: A study was run looking at tissue distribution of enrofloxacin and its metabolite, ciprofloxacin, after being dosed IM and SC in Xenopus.  HPLC was used to determine concentrations of the drugs in the brain, heart, kidney, liver, lung, spleen, and plasma.  Results showed that each of the drugs was still present in each of the tissues at 8 hours post dose and reached levels that exceeded minimum inhibitory concentrations for some common bacteria such as E. coli and Aeromonas.  Enrofloxacin was rapidly absorbed and readily diffused in all of the tissue samples.  The highest concentrations were found in the kidney and the lowest in the liver, suggesting that the frogs may clear the drug through the renal system unlike mammals, where hepatic clearance occurs.  The results of this study provide evidence based rationale for choosing enroflaxacin to treat bacterial diseases in Xenopus.

 

QUESTIONS
1. What class of antibiotic is enrofloxacin and what is its spectrum of activity?  

2. What is the ideal pH of water to house Xenopus?

3. Where is the best location to give an IV injection to an African Clawed Frog?

ANSWERS
1. Fluoroquinolone – broad spectrum, not effective against anaerobes.

2. pH – 6.5-8.5

3. Utilizing the dorsal lymph sacs in the upper leg/lower sacrum area at the “stitching”.

Bryan et al. Hair as a Meaningful Measure of Baseline Cortisol Levels over Time in Dogs, pp. 189-196

Domain 3: Research; Task: T2. Advise and consult with investigators on matters related to their research

Primary Species: Dog (Canis familaris)

SUMMARY: Glucocorticoids are well-established biomarkers of stress in vertebrates, including birds, fish, and mammals, and measuring cortisol or other glucocorticoids over time can reveal how animals respond to prolonged stressors such as changes in their social or physical environments.  Cortisol measurements of hair are becoming a valuable tool in monitoring chronic stress, because unlike biologic samples that reflect circulating steroid levels integrated over seconds to hours (serum, saliva, urine, feces), hair integrates steroids over the entire period of hair growth (months to years).  To validate this approach in domestic dogs, the authors compared the variability of cortisol immunoreactivity in hair with that in saliva and feces of dogs housed under constant social and physical conditions. Using liquid chromatography–tandem mass spectrometry (LC-MS/MS) - considered the most specific and sensitive analytical approach available for steroids- this study confirmed that (1) cortisol is present in dog hair, and (2) cortisol immunoreactivity is less variable in hair than in saliva or feces.  Hair can be collected relatively noninvasively, is easy to store for long periods, and is not affected by the short-term stress of handling, but there is the potential for cortisol degradation in older hair segments due to exposure to water or UV radiation.  This study suggests that determining cortisol immunoreactivity in hair may be a more practical approach than using samples of saliva or feces to monitor the effects of long-term stressors such as social or physical environments and disease progression, and for some applications, a single hair sample can be collected rather than multiple samples of saliva or feces.

QUESTIONS
1.  Based on this study that compared the variability of cortisol immunoreactivity in hair with that in saliva and feces of dogs housed under constant social and physical conditions, which of the following statements is true?

a. 
Cortisol immunoreactivity is more variable in hair than in saliva or feces

b. 
Cortisol immunoreactivity variability is the same in hair as in saliva or feces

c. 
Cortisol immunoreactivity is less variable in hair than in saliva or feces

d. 
Cortisol immunoreactivity is not measurable in dog hair

2.  Which of the following is not evidence that determining cortisol immunoreactivity in hair may be a more practical approach than using samples of saliva or feces to monitor the effects of long-term stressors in dogs?

a. 
Hair can be collected relatively noninvasively  

b. 
Hair is easy to store for long periods

c. 
Hair is not affected by the short-term stress of handling

d. 
Cortisol in hair may degrade due to exposure to water or UV radiation

3.  T/F: For practitioners and researchers interested in long-term cortisol levels, this study suggests that a single hair sample can be collected in dogs rather than multiple samples of saliva or feces?

4.  What is considered the most specific and sensitive analytical approach available for steroids?

  

ANSWERS
1.  
c. Cortisol immunoreactivity was less variable in hair than in saliva or feces

2.  
d. Cortisol in hair may degrade due to exposure to water or UV radiation 

3.  
True

4.  
Liquid chromatography–tandem mass spectrometry (LC-MS/MS)

CASE REPORT

Molk et al. Sanitization of an Automatic Reverse-Osmosis Watering System: Removal of a Clinically Significant Biofilm, pp. 197-205

Domain 4: Animal Care; Task 2 - Manage or provide indirect management/oversight of animal husbandry programs, Task 3 - Manage or provide indirect management/oversight of laboratory animal facilities

Primary Species: Mouse (Mus musculus) and Rat (Rattus norvegicus)

SUMMARY: The authors first describe specifications of the institution's reverse-osmosis watering system, their methodology for microbiological monitoring of the water supply, and the protocols for the following watering system sanitizing methods: hyperchlorination, treatment with peracetic acid-hydrogen peroxide, recoil hose sanitization, and rack manifold sanitization.  The authors define acceptable bacterial counts for water samples as less than 1-10 cfu/mL H20 for heterotrophic bacteria, yeasts, and fungi.

Initial water samples from a particular facility revealed an average of 365 bacterial cfu/mL in the water distribution lines and 240 bacterial cfu/mL in the rack lines.  Fungal and yeast counts were all <1 cfu/mL, within acceptable limits.  Bacterial species isolated from the water samples included Actinomycetes spp., Brevundimonas vesicularis, Corynebacterium gentilium, Corynebacterium pseudodiphtheriticum, Empedobacter brevis, Pseudomonas alcaligenes, and Sphingomonas paucimobilis.  An unmanipulated 2-month-old male immunocompromised B6.Cg-Slc11a1rRagtm1Mom/Cwi mouse from this facility was euthanized after detection of an abdominal mass, which was later found to be an abscess.  The abscess and spleen of the mouse were culture-positive for Sphingomonas paucimobilis, so the authors initiated complete sanitization of the watering system in this facility.

The first attempt at sanitization by hyperchlorination yielded initially lower (average: 147 cfu/mL) bacterial counts at 2 days after hyperchlorination, but at 1 week after hyperchlorination, bacterial counts had rebounded to higher than the initial levels (average: 1506 cfu/mL).  A second attempt, this time using 1% peracetic acid-hydrogen peroxide, yielded improved bacterial counts after 24 hours (19 cfu/mL) but even higher rebounds at 2 weeks post treatment (6681 cfu/mL).  Bacterial counts decreased for the following 3-4 weeks.  The third attempt increased the frequency of treatment with peracetic acid-hydrogen peroxide from 2 to 4 times daily and added a constant low-level infusion of chlorine (2-4 mg/L) before the water entered the reverse-osmosis tower; the chlorine was titrated to maintain a supply-line concentration of 0.5 mg/L chlorine throughout the system.  The system was flushed with water for 24 hours to remove chlorine before a fourth attempt using peracetic acid-hydrogen peroxide for a contact time of 60 minutes.  Twenty-four hours after the fourth attempt, bacterial counts averaged 13.8 cfu/mL.  At 1 week post-treatment, bacterial counts were 620 cfu/mL, and by 5 weeks post-treatment, bacterial counts were <1 cfu/mL.

Water quality is an important parameter in laboratory animal husbandry, but standards vary significantly by institution, and no universal standard has been described.  Biofilm formation is inevitable in any watering system, and chlorine by itself is not completely effective in disrupting biofilms or killing bacteria.  Peracetic acid-hydrogen peroxide disinfectants may be more effective for elimination of biofilms in these situations.  The mouse that developed the abdominal abscess was likely infected with S. paucimobilis after ingesting a sloughed fragment of biofilm in the drinking water supply.

QUESTIONS
1.  The authors in this study defined acceptable bacterial counts for animal drinking water as 1-10 cfu/mL; sterilized acidified water provided in water bottles was generally assumed to contain <1 cfu/mL.  Which of the following is the maximum acceptable level for bacterial counts in human public drinking water?

a.  
5 cfu/mL

b.  
10 cfu/mL

c.  
100 cfu/mL

d.  
500 cfu/mL

e.  
1000 cfu/mL

2.  
Which of the following factors can affect biofilm formation in water supply lines?

a.  
Water flow rate

b.  
Shape of plumbing pieces (elbow, U-bends, etc.)

c. 
 Laminar versus turbulent water flow

d.  
Water chlorination level

e.  
All of the above can affect biofilm formation in water supply lines.

3.  Which of the following is TRUE regarding chlorine treatment as a method for biofilm disruption in water supply lines?

a. 
The efficacy of chlorine as a disinfectant decreases as the biofilm thickness increases.

b.  
Bacteria in the outermost layer of a biofilm can bind chlorine, thereby protecting bacteria in the deeper levels from chlorine exposure.

c. 
Chlorine is an oxidizing agent capable of killing both planktonic and biofilm-inhabiting bacteria.

d.  
Constant use of low levels of chlorination (0.5 mg/L) can prevent biofilm formation in water supply lines.

e.  
All of the above are true.

4.  Mixing chlorine and peracetic acid-hydrogen peroxide can result in the formation of which potentially toxic byproduct, necessitating system flushes with plain water between treatments with these agents?

a.  
Chlorine gas

b.  
Periodic acid

c.  
Vaporized hydrogen peroxide

d.  
Hydrogen sulfide gas

e.  
Dihydrogen monoxide

5.  To what did the authors attribute the initial spike in bacterial counts in the water lines after disinfection treatments?

a.  
Bacterial resistance to a particular disinfecting agent

b.  
Inadequate water levels of the disinfectants

c.
Biofilm sloughing and disruption, indicating successful progress toward acceptable disinfection

d.  
Establishment of a new biofilm with a different bacterial organism

e.  
Contamination of the water supply with waste water from the rack manifolds

6.  Which of the following statements regarding Sphingomonas paucimobilis is FALSE?

a.  
S. paucimobilis is a Gram-negative bacillus.

b.
S. paucimobilis has only been reported as a cause of infection in immunocompromised, and not immunocompetent, humans.

c.  
S. paucimobilis was previously known as Pseudomonas paucimobilis.

d.  
S. paucimobilis was determined to be the cause of septicemia in the hematologic unit of a hospital in Finland, wherein several leukemic patients were exposed to S. paucimobilis in the water supply.

e.  
S. paucimobilis thrives in both soil and water and has been isolated from human hospital water systems, distilled water, and respiratory equipment.

ANSWERS
1.  d
2.  e
3.  e
4.  a
5.  c
6.  b
