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Microbiology:


Methods of Counting Cocci
URL:  

http://mathbench.umd.edu/modules/microbio_counting_methods/page01.htm
Note: All printer-friendly versions of the modules use an amazing new interactive technique called “cover up the answers”.  You know what to do…
Recap the story

Remember Frank? Frank who had roommate from Sweden? Frank, who accidentally managed to host a few super-virulent meningicocci -- the kind that are common in Sweden, but rare here? Frank, who is now sitting in the doctor's office, looking a bit like one of those angsty teenage vampires, with a jacket over his head to protect his eyes, a rash all over his body, and a neck as stiff as a board? Yeah, that Frank. (If you don't remember Frank, you can reread his story http://www.mathbench.umd.edu/modules/microbio_counting-methods/page01.htm)
Well anyway, when the young medical intern (you!) cultured some meningicocci, you found that they double just about every half hour. If Frank's body is as nice a place for meningicocci as the petri dish is, you decided Frank should be dead by now. Poor Frank...

Ah, but luckily Frank's body is not quite as cushy as a petri dish, due to his killer immune system, and also the inconvenient fact (if you're a meningicoccus, that is) that Frank's blood keeps its iron safely tucked away inside red blood cells. Curses, foiled again!

Nevertheless, even though Frank's not dead, he's not doing so well either. And what we need to do is to find out just how badly off he really is. We need to measure that infection. But how?

Count 'em all?

Let's get one thing out of the way, right away. Given that Frank has been sick for a half day or so, there could be millions, even billions, of meningicocci in his blood. Do we want to count every single one?

	Yes, I love to count: Hmm, try again.

No, because that would mean filtering all of his blood: That's true, and there's another reason as well.

No, because it takes a really long time to count a billion: Yes, this is a really good reason not to count every meningicoccus. 
So, having established that we can’t count’em all, what else can we do?
We could sample a little of his blood: Yes, we could. We should. We will.
We could give up: Hmm, I don't think that's the way into med school...


Direct count

So, Frank's got about 5 liters of blood, and he probably won't miss a few mLs all that much. Let's say we took that 10 mL, centrifuged out the gigantic stuff like red blood cells, put the rest on a slide under a microscope, and counted every thing that looked like a meningicoccus. That's certainly one way of quantifying the population. We'll call it ... Direct Count. Pretty easy, conceptually speaking, although it takes a bit of time to do the centrifuging and to make the slide, and even more time to actually count. But, that's what underpaid lab interns are for, right?

OK, so you've counted using a Petroff Hausser chamber under the light microscope and found that you have 326 meningicocci in 10mL of blood. What does that mean?

A less experienced lab intern might run off to tell the doctor that Frank has a total population of 326 meningicocci living in him. Not you, however, because you remember that you only sampled 10 mLs of Frank's blood. 

What you need to know is what fraction of Frank's blood you sampled:

10mL/5000mL = 1/500th

So, in Frank as a whole, you would expect to find about 500 times as much as you did in your sample.

500 * 326 = 163,000 meningicocci

This scaling up method (sometimes called multiplying by the inverse) is absoluately critical for successfully calculating the actual population from a sample. 

	The online version of this module contains an interactive applet which allows you to practice scaling up. To find this applet go to: http://mathbench.umd.edu/modules/microbio_counting-methods/page03.htm
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Light scatter (using spec)

Direct count is a straightforward way to figure out how many meningicocci Frank is harboring, but it is a bit labor intensive. Wouldn't it be nice to get a machine to do the counting for us?

One way we can do this is to use a photospectometer. A spec doesn't exactly count the cocci, but it does measure how much they interfere with a light beam, and based on that, we can use a calibration to decide how many cocci we've got. Then we can do the scaling up trick to get the total population size.
This is a great method if you already have a calibration curve -- perhaps you work in a lab that has been studying this critter for years... Otherwise, you may need to spend a couple of days doing the calibration (growing the cultures, taking the spec readings, comparing them to counts under the microscope... that sort of thing). 

Here's an example of a calibration curve:
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For example, if you prepared a sample and got a spec reading of 0.5, you would find 0.5 on the x-axis and read the bacterial count off the y-axis -- about 26 million 
look at the graph!
How about a spec reading of 0.9? (Be careful with the log scale for bacteria!!)
about 75 million
If your sample had about 12 million bacteria, what OD reading would you expect? 
OD = 0.2
The dilemma of the dead cell

So far we have one hard way (Direct Count) and one easy way (Photospec) to quantify Frank's meningicoccal load. But both ways share a big problem ... the dilemma of the dead cell.

If you were counting, say, cats ... this wouldn't be a problem. A dead cat and a live cat are generally not easily confused. If in doubt, you could poke the cat, and you would know for sure. However, bacterial cells are much less lively than cats. Yes, there is plenty of stuff going on inside, but in general you're not going to see that from the outside. Under a microscope, cells that are alive and cells that are dead look a lot alike. And to a spec, live and dead cells look exactly alike. 
	Based on the dilemma of the dead cell, which would you predict?

Direct count and photospec will...?

Overestimate the population: yes, these methods overestimate, because the dead cells get counted as if they are alive

Underestimate the population: the population won't be underestimated, because too many cells get counted, not too few.

Get the population just right: the population will not be accurately estimated, both methods count too many cells.


If we care about getting the number of live cells right, we need a better way…

Viable plate count

So we can't poke a cell to see if it's alive -- how else can we make the call? What do live cells do that dead cells don't? Well, one big thing is, live cells grow and reproduce. And they do it fairly quickly (remember, every half hour or so in the case of meningicocci). So if we were to take a batch of cells and wait a day or so, we would soon know if they were alive or not.

Let's refine this idea a little, by following... A day in the life of a microbe
Out in the real world (like in your nose, throat, or bloodstream), meningicocci are limited by temperature and nutrients. In the lab, we're going to put the meningicocci on a media, which will do two things:

1. take away limiting factors, and

2. fix each individual cell in one place, so it doesn't get moved around.

So, let’s watch a single meningicoccus cell, conveniently named Minnie, sitting in the middle of a batch of media. The media has every creature comfort that Minnie could want, and she pulls in sugar as fast as she can. Soon she’s grown out of her membrane and she splits in half, creating little Minnies 2 and 3.  These two also pull in sugar as fast as they can, and a half hour later, they too start to feel ready to split, so they do.  Minnies 4, 5, 6 and 7 keep going. 

	time: 0 min
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 Luckily, none of the Minnie's move around much. Although some bacteria can move over the surface of agar, meningicocci are good at doing this. So, they’re all stuck sitting in a little pile, but they don’t mind, as long as there’s plenty of sugar to go around.  And pretty soon we have a pile consisting of Minnies 8 through 15, all descendents of Minnie the First.  And so on.  

Eventually (after about 24 hours) this pile will be big enough for one of us hulking human beings to see without even using a microscope.  This tiny but visible pile is called a colony, and the original Minnie was the original colony-forming unit, or CFU.  

Of course Minnie was probably not the only CFU around.  Over on the other side of the agar, Ginnie was sitting around, minding her own business, enjoying the warmth and sugar, and growing at the same rate.  So while a few million descendants of Minnie formed a colony on one side of the plate, a few million descendants of Ginnie form a colony of the other side.  And so on, one colony for each original colony forming unit. 

Comparison of methods

We've talked about 3 methods so far: just plain counting under a scope, using a photospectometer to do the dirty work, or growing bacteria in a dish to count the piles of descendants they leave. 

There is one other way that we could (theoretically) figure out how many cells there are: we could gather them all in one place and weigh them. This would be the biomass method. Biomass is an important way of measuring populations in the lab, but in Frank's case it would not help us -- we would need to collect about 10 million bacterial cells before we could weigh them, and if we could do that, we could probably just cure Frank then and there.

So, let's compare the 3 practical ways we have of measuring the infection:

	 
	Direct Count
	Spec
	Viable Plate Count

	Which one requires the least time (for example, the boss wants the answer before lunch)?
	NOT TOO BAD -- although counting can be time-consuming
	FASTEST -- but only if you already have the calibration curve!!!
	SLOWEST -- we have to wait an entire day for the cells to grow

	Which one requires the least effort (think lab intern pain)?
	UGH -- counting under a scope gets old fast!
	WOO-HOO -- very easy to do, even if you didn\'t understand the math -- unless of course you're the one that has to make the calibration curve
	SOME WORK -- but most people prefer it to counting under a scope.

	Which one can distinguish live from dead cells?
	NOPE, no can do.
	SORRY, you're outa luck
	YES!! That's the genius of this method.


And one more question: 

	One day an overzealous intern decided to compare all 3 methods. Here's what she found, but she forgot to label which reading came from which method: 

347 organisms/mL

520 organisms/mL

510 organisms/mL

Can you tell which reading is which? And what phase of growth (lag, growth, stable, death) is the population in?

Which is which? The first reading is definitely the viable plate count, which doesn't include dead cells. And no, you can't really tell the difference between the other two.

Lag, growth, stable, death? The population is probably in the death phase, since there are a lot of dead cells around.


