Vaginal Cytology

Introduction and Index
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The vaginal epithelium is responsive to sex steroids, particularly estrogen, and undergoes predictable changes through the cycle in response to changes in blood concentrations of ovarian hormones. Rising levels of estrogen cause the vaginal epithelium to become "cornified" - the surface cells become large and flattened, with small or absent nuclei. 

In essence, vaginal cytology is a type of endocrine assay. Tracking changes in the morphology of desquamated vaginal epithelial cells provides a convenient means of assaying changes in estrogen levels. The technique is used widely in managing canine breeding programs, which is the focus of this section, but also has utility in evaluating reproductive function in several other species, including cats (if you don't mind losing a little blood) and rats. 

Core information on canine vaginal cytology is presented in the following topics: 

· Techniques for preparing a vaginal smear 

· Classification of vaginal epithelial cells 

· Cytologic changes through the canine estrous cycle 

· Practice sets and self evaluations 



Techniques for Preparing a Canine Vaginal Smear



Materials Required to Obtain and Process Vaginal Smears
· cotton-tipped swabs (six inch variety) 

· microscope slides (have these close by where the smear will be taken) 

· methanol or commercial spray fixative for cytology (can also use ethanol) 

· Diff-Quik staining solution (American Scientific Products) or a stain such as Giemsa or Wrights that is used for staining blood smears 

Obtaining the Sample
The objective is to obtain a sample of epithelial cells from the vagina, and one should avoid sampling from the vestibule (i.e. just inside the vulva). Even in small dogs, the swab should be inserted several inches past the vulva; in large breed dogs (e.g. German Shepard bitch), a majority of the 6-inch swab can be inserted. Bitches in proestrus or estrus rarely object to this procedure, although some restraint may be required to prevent "squirming". 

Part the lips of the vulva and gently insert a swab at a relatively steep angle. Some people suggest using a speculum (e.g. the cone from an otoscope) and some like to moisten the swab with saline prior to use, but neither of this is critical. After 1-2 inches of the swab have been inserted, the angle of insertion can be altered to roughly 45 degrees and insertion continued. 
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When the swab is fully inserted, rotate the end through 2-3 revolutions, which will allow the cotton tip to pick up an adequate load of cells. The swab can then be gently withdrawn. The images above show this procedure courtesy of Ruby the Alaskan Husky. 

Preparing and Staining the Smear
Prepare the smear immediately after withdrawal of the swab by rolling (not sliding or rubbing) the cotton tip along the length of a glass microscope slide. Generally, two parallel tracks can be rolled on a single slide. 
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As soon as the smear is prepared, dip it 5 to 10 times in a container of methanol, or fix by use of a spray fixative. It is best to fix expeditiously, but allowing the slide to dry fully and remain unfixed for up to a few hours is generally not a problem. After fixation, the slide can be stored for prolonged periods of time, although typically, it is stained without delay. 

Diff-Quik is a very convenient stain for use with vaginal smears. It consists of two solutions: an eosinophilic (red) solution and a basophilic (blue) stain. It is best to have a small container of each component and replace the stains with some regularity, as they will become contaminated with vaginal cells after staining a number of slides. To stain the smear, dip the slide in and out of the red stain 5 to 10 times, the in and out of the blue stain 5 to 10 times. 
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There is no need to rinse the slide between red and blue, but do not dip first into the blue, then into the red, or the red will rapidly become blue! If the staining appears too light or too dark, adjust the number of dips accordingly. A number of other stains can be substituted for Diff-Quik. 

After dipping in the blue stain, rinse the slide in tap water and it's ready to examine. Examine while still wet or dry the slide and apply a coverslip. 

[image: image4.jpg]o






Classification of Vaginal Epithelial Cells



A majority of cells observed in a normal vaginal smear are, not surprisingly, vaginal epithelial cells. In addition, varying numbers of leukocytes, erythrocytes and bacteria are usually evident, and small numbers of other contaminating cells and microorganisms are sometimes observed. 

Analyzing a vaginal smear is largely an exercise in classifying the epithelial cells into one of three fundamental types: parabasal, intermediate or superficial cells. Keep in mind, however, that the epithelial cells reflect a developmental continuum; some of the cells you observe will not fit perfectly into these rigidly-defined categories. 

All of the figures on this page are presented at the same magnification and are from a single dog. 

Parabasal Cells
Parabasal cells are the smallest epithelial cells seen on a typical vaginal smear. They are round or nearly round and have a high nuclear to cytoplasmic ratio. 
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Parabasal cells are prevalent on smears taken during diestrus and anestrus, and not uncommon during early proestrus. Parabasal cells are conspicuously absent during estrus. 

Intermediate Cells
Intermediate cells vary in size and shape, but typically have a diameter two to three times that of parabasal cells. Many cytologists subclassify these cells into: 

· small intermediates: nearly round or oval shape with large, prominent nuclei 

· large intermediates: polygonal shape with a small nuclear/cytoplasmic ratio 

In the figures below, all of the cells are typical intermediates except for the one cell in the middle panel (arrow), which might be classified as a superficial cell (small, dark nucleus). Note that the intermediate cells vary in size and that some have rounded outlines (small intermediates), while others have a polygonal shape (large intermediates). 
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Intermediate cells are prevalent during all stages of the cycle except estrus. 

Superficial Cells
Superficial cells are the largest cells seen on a vaginal smear. The are polygonal in shape and distinctly flat, sometimes having the appearance of being rolled up. Their nuclei are either absent or pyknotic (very small and dark). Superficial cells without nuclei are often referred to as being "fully cornified". 
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Superfical cells are often seen in large sheets or strings, as seen below with fully cornified cells. 
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Superficial cells are not normally seen during anestrus and increase in prevalence during proestrus. The presence of large numbers of superficial cells or only superficial cells is the defining characteristic of cytologic estrus, and their abrupt and precipitous decline marks the onset of diestrus. 

Other Cells
Aside from the epithelial cells described above, a number of other cells are seen on vaginal smears. 

· Erythrocytes are usually observed in large numbers during proestrus. In some bitches, they are seen through estrus and even into early diestrus. 

· Neutrophils are often abundant in smears taken during early diestrus, and are not uncommon at other stages, though rare during estrus. Moderate numbers of neutrophils are a common, though not consistent feature of normal canine vaginal smears and not by themselves indicative of vaginitis. 

· "Foam cells" is a term given to non-descript epithelial cells containing numerous vacuoles that are typically seen on smears prepared during anestrus. 

The following figure, of a proestrus smear, shows a group of intermediate cells associated with neutrophils and red blood cells. 
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Finally, bacteria are often seen on vaginal smears in huge numbers, covering cells and spilling onto the background. The minute dark specks covering the superfical cells in the image below are bacteria. 
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Cytologic Changes Through the Canine Estrous Cycle



Stages of the canine estrous cycle can be defined by sexual behavior, physical signs (vulvar swelling, vaginal bleeding) or by vaginal cytology. The period of receptivity to a male varies considerably among bitches; some bitches are receptive well before and after the period of potential fertility. Similarly, signs such as "proestrus bleeding" are often unreliable indicators; some bitches bleed very little and other show bleeding through estrus and into diestrus. Since cytologic changes reflect the underlying endocrine events of the cycle, they are almost always a better predictor of the "fertile time" and gestation length than are behavioral or physical signs. 

Cytologic changes through the canine estrous cycle reflect changes in blood concentrations of estrogen. As depicted below, and described in more detail in the section on Canine Reproduction, estrogen levels rise prior to and during proestrus and fall in conjunction with the preovulatory surge of luteinizing hormone. Rising levels of estrogen induce the "cornification" that is characteristic of smears examined during estrus. Ovulation occurs two days after the LH surge. 
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The sections below describe the cytologic picture typical of different stages of the canine estrous cycle. Examination of a single smear can sometimes provide useful information, but can also be quite misleading. For example, it is often difficult to differentiate proestrus and diestrus from an isolated smear. It is therefore highly recommended that multiple smears be evaluated. 

Anestrus
Intermediate and parabasal cells predominate in smears taken during anestrus. Superficial cells are absent or found in very small numbers. Neutrophils may also be present or absent. 
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Proestrus
Serum concentrations of estrogen rise during proestrus, leading to capillary breakage and leakage of red blood cells through uterine epithelium, as well as proliferation of the vaginal epithelium. Examination of vaginal smears from early to late proestrus will reveal a gradual shift from intermediate and parabasal cells to superficial cells. Typically, red blood cells are present in large numbers and neutrophils are commonly observed. Large numbers of bacteria are also often present. 
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In some bitches, proestrus can persist for two to three weeks. In such cases, prolonged lack of receptivity may suggest the need to artificially inseminate or force-breed the animal. Examining vaginal smears in such cases will alleviate such concerns - certainly, if more than a very small percentage of cells are parabasals and small intermediates, breeding is a waste of time. 

Estrus
The defining characteristic of cytologic estrus is the predominance of superficial cells. Most, but not all, bitches will undergo full cornification, and the smear will reveal a monotonous pattern composed almost exclusively of anucleate superficial cells. 
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If the bitch has been bred within a day of preparing a vaginal smear, it is quite likely that sperm will be observed among the epithelial cells. Indeed, careful examination for sperm in a smear taken within a few hours of an alleged breeding is a fairly reliable means of confirming or denying such an incident. In the image below, an intact sperm (left panel) and a sperm head (right panel) are present next to superficial cells. 




Diestrus
The onset of diestrus is marked by a precipitous decline in the number of superficial cells and reappearance of intermediate and parabasal cells. Most commonly, the cellular profile changes within a single day from essentially 100% superficial cells to less than 20% superficial cells. However, it is best to confirm the onset of diestrus by examining a smear prepared on diestrus day 2. 
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The significance of identifying the onset of diestrus is that it is a considerably more accurate predictor of the time of ovulation, and hence gestation length, than sexual behavior. Dogs ovulate 5-7 days prior to the onset of diestrus (7-9 days after the preovulatory LH surge), and hence, gestation length is usually 57 + 1 day from the onset of diestrus day 1. The period of behavioral estrus is variable, and often extends up to several days before and/or after cytologic estrus. Gestation lengths calculated from the onset or cessation of receptivity are correspondingly inaccurate. The onset of diestrus also correlates well with loss of fertility, and breedings after the diestrus shift are rarely fertile. 



Vaginal Cytology: Self Evaluations



Test your ability to interpret vaginal smears and to answer questions about the associated physiology by examining the following cases. Some of the cases involve loading somewhat large graphics files (approximate download size indicated) that may be annoyingly slow by modem. Also, all of these cases require that your brower is enabled for Javascript. 

	Case 1
	Classify stages of a cycle by examining images from 8 smears taken from Aggie the Large Munsterlander (~180 of kb)

	Case 2
	Examine two slides taken from an bitch bred during behavioral estrus. How likely is the dog to be pregnant? (~75 kb of files)

	
	

	Case 3
	A young bitch is observed being bred. Examine a series of smears to determine where in the cycle she was when bred and therefore how likely she is to become pregnant (~110 kb of files)

	Case 4
	A 5 year-old bitch is mated for the first time. Based on the timing of the breedings and the vaginal cytology, predict whether she became pregnant (~150 kb of files)

	




Canine Vaginal Cytology: Case 1



Aggie is a 3 year-old Large Munsterlander (yes - that is a real breed) noticed to have a swollen vulva and to be spotting blood. A series of vaginal smears were taken, the first labeled as Day 1. Go through the images presented below and classify each as being proestrus, estrus or diestrus (the text box provided under the images is for taking notes). To gain the most from this exercise, DO NOT click the "Show clues" checkbox until you are finished evaluating the slides. 

When you have completed your assessment of these images, click on the "Show clues" box and go through them again to view the author's classification.

Day 1: Proestrus- Intermediates, superficials and red blood cell
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Day 2: Estrus- superficials and red blood cells
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Day 3: Estrus- superficials
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Day 6: Estrus- all superficials
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Day 9: Estrus- all superficials
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Day 10: Estrus- superficials and red blood cells
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Day 11: Diestrus- abrupt change to intermediates and parabasals (plus RBC, WBC)
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Day 12: Diestrus day 2 (confirmation that Day 11 was first day of diestrus)
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Canine Vaginal Cytology: Case 2



Molly is a 5 year old Australian shephard bitch that the owners desire to breed. They were out of town last week and, on returning Friday, noticed Molly had significant vulvar swelling and, when let outside, strongly attracted the neighbor's male. Being experienced breeders, they prepared a vaginal smear Friday night and again on Sunday. On Monday, they took Molly to the stud and she was bred without difficulty. 

After the breeding, Molly's owners ask you to examine the smears prepared on Friday and Sunday (images depicted below). Based on those observations, would you say that Molly is likely to deliver pups? Why or why not? 

Friday's Slide
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Sunday's Slide
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Canine Vaginal Cytology: Case 3

Principio del formulario



Cinder is an 8 month-old Alaskan husky who was recently purchased from a sled dog kennel as an addition to a small, but high-quality racing team. On Monday, when Cinder's new owner picked her up, the kennel owner informed her that on Sunday there had been a tie between Cinder and an intact male who was in the same run. The kennel owner did not believe that Cinder was in estrus as Cinder had not shown any signs of coming into heat (vulva did not seem swollen, no blood spotting) and speculated that the male had bred her because a different bitch was in standing heat a few kennels over. 

The new owner most certainly did not want Cinder to be pregnant, so on Tuesday she started preparing vaginal smears to see where Cinder was in her cycle. Use the Back and Forward buttons below to scan through images of those smears at low and high magnification. 

So here's the question: What are the chances that Cinder became pregnant? Assume that the male was fertile. Base your answer on when she was bred relative to progression of vaginal cytologic changes. Remember that the breeding took place on Sunday, two days before the first vaginal smear. 

Tuesday: Estrus, essentially all are cornified superficial cells
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Wednesday: Estrus, essentially 100% cornified
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Thursday: Estrus, essentially 100% cornified
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Friday: Diestrus day 1, note the dramatic change to nucleated cells
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Saturday (last slide): Diestrus day 2
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Canine Vaginal Cytology: Case 4

Principio del formulario



Dante is an 5 year-old Dalmatian and this is the first attempt to breed her. Dante's owner noticed vulvar swelling and bleeding on April 12th, and starting preparing vaginal smears on April 14th. 

Dante was bred to a male of known, recent fertility on April 20th and 21st; the owner observed a "tie" in both cases. Scan through the images of the smears shown below and predict whether she became pregnant or not. 

Final del formulario

April 14 (first slide): Prostrus, intermediates and superficials
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April 16: Estrus, all superficials
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April 20: Estrus, superficial cells
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April 22: Estrus, superficial cells
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April 24: Estrus, superficial cells
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April 26: Estrus, superficial cells (one intermediate)
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April 27: Estrus, superficial cells
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April 28: Diestrus day 1, note the dramatic change to nucleated cells
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April 29: Diestrus day 2 (confirms diestrus 1)
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April 30 (last slide): Diestrus day 3
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Final del formulario
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