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Giardia Lamblia and Giardiasis

With Particular Attention tothe Sierra Nevada

By Robert L. Rockwell

Figure 1. Giardia lamblia trophozoites as they appear with the scanning electron microscope.”

AsK the average outdoors person about Giardia lamblia or giardias's, and they have certainly heard about
it. Almost dways, however, they are consderably misinformed about both the organism’s prevalence in wilder-
ness water, and the seriousness of the disease if contracted.

With the advent of the Internet, the amount of information one can eadily find on the subject is voluminous.
Unfortunately, mogt of it is flawed in important aspects, being unsubstantiated, anecdotal, or merely quoting
other unsubgtantiated and anecdota articles. Officia sources, such as many informationa publications put out
by the US government, are not immune to this criticiam.

This paper istheresult of acritica didtillation of relevant articles, retaining only those from scholarly, peer-
reviewed, or otherwise professond and trustworthy sources.

One conclusion of this paper isthat you can indeed contract giardiasis on viststo the Sierra Nevada, but it
amog certainly won't be from the water. So drink fredy and confidently: Proper persond hygieneisfar more
important in avoiding giardiass than tregting the weter.

Firgt, an excerpt written by a highly regarded wilderness physcian:

“1n recent years, frantic alarms about the perils of giardiasis have aroused exaggerated
concern about this infestation. Government agencies, particularly the United States
Park Service and the National Forest Service, have filtered hundreds of gallons of water
from wilderness streams, found one or two organisms (far less than enough to be
infective), and erected garish signs proclaiming the water * hazardous.’” *

" Original image by Arturo Gonzalez, CINVESTAV, Mexico. From hitp://mww.biosdi.ohio-
date.edu/~paraste/giardia sem.html



And another, by researchers who surveyed the hedlth departmentsin dl 50 states and scanned the medica
literature looking for evidence that giardiasis is a Sgnificant threet to outdoor folk:

“ Neither health department surveillance nor the medical literature supports the widely
held perception that giardiasisis a significant risk to backpackersin the United Sates.
In some respects, this situation resembles (the threat to beachgoers of a) shark attack:
an extraordinarily rare event to which the public and press have seemingly devoted
inappropriate attention.” 2

| explored this subject in 1987° and again in 1996* with an update in 1997.> The condusions have dways
been that the “Giardia problem” in Serra Nevada water is grosdy exaggerated, and that the cases of giardiass
subsequent to wilderness visits are wrongly blamed on the water. After incorporating the recent information for
this paper, those prior conclusions are not only il valid but also considerably reinforced.

Just who isthislittle guy, anyway? & "8 9 10

Giardia lamblia, now dso known as G. intestinalis or G. duodenalis, wasfirst observed in 1681 by
Anton van Leeuwenhoek, inventor of the microscope. The parasite was named in 1915 for two scientists who
gudied it: Prof. A. Giard in Parisand Dr. F. Lambl in Prague.

Giardiaisaflagdlaed (having whip-like appendages for locomotion) protozoan that, in the trophozoite
(active) form, ataches itself with an adhesive disk to the lining of the upper intesting tract of the host animdl.
There, it feeds and reproduces. Trophozoites divide by binary fisson about every 12 hours. Thus, asingle
parasite can theoreticaly result in more than amillion in 10 days and abillionin 15 days.

At sometimein its active life, the trophozoite releases its hold on the bowd wall and floats in the fecd
dream. Asit makesitsjourney, it transformsinto an egg-like structure called acys, which is eventudly passed
inthe stool. Duration of cyst excretion, called shedding, may persist for months. Once outside the body, the
cysts can be ingested by another anima. Then, they “hatch” into trophozoites due to ssomach acid action and
digestive enzymes, and the cycle repests.

The trophozoiteis 9 - 15 mmlong, 5- 15 mnMmwide, and 2 - 4 mnm thick. Unlike the cy4, it cannot live for
long outsde ahost. Cystsare 8- 12 mm long by 6 - 9 mm in diameter; so amillion could fit under afingernail.
Cysts can survive for as long as 2 to 3 months in cold water,'® ** but they cannot tolerate drying™ or freezing.”
12, 13, 14

A ggnificant infestation can leave millions of trophozoites stuck tight to theintestind lining. There, they
cripple the gut’ s ability to secrete enzymes and absorb food, especidly fats, thereby producing the disease's
symptoms. The symptoms typicaly appear one to two weeks after ingestion, with an average of nine days, but
four weeksis not uncommon. Symptoms can vanish suddenly and then regppear. They may hide for months.
They may not appear a al.**

There are three ways that giardiasis, the disease caused by ingesting Giardia cysts, can be contracted:
contaminated water, contaminated food, and direct feca-oral. A person who has just come down with the
disease and who wishes to identify the source needs to reflect on not only the possibility of each of these
avenues, but in a suspect period ranging from typicaly one week to four weeks earlier.

Thebad news. Giardia lamblia isalmost everywhere® © 78 9 10,1617, 18,19, 20, 21

Giardiasis has been most often associated with travel to such places as Latin America, Africa, Ada, and the

former Soviet Union. However, Giardia has aways been present in wilderness streams, in the water supplies



of most cities around the world, and even in the municipa water of large US cities. In fact, in the 1930s and
1940s, before regulated municipa water trestment plants, everyone was drinking Giardia dl the time

Currently, Giardia lamblia is the most commonly diagnosed intestina parasitein North America® It isthe
most frequently identified cause of diarrhed outbreaks associated with drinking water in this country. Fully 20
percent of the world's population isinfected, and up to 7 percent of Americans, most without any symptoms a
dl.’> 2 The Centers for Disease Control and Prevention (CDC) estimates that as many as 2,500,000 cases
occur annualy in the US or about one for every 100 persons®

Infestation rates of 60 percent of the children in day care centers across the country have been noted.
Ingtitutions for mentally retarded persons can have high rates. Other high-rate populations include promiscuous
mae homosexuds, internationd travelers, and patients with cydtic fibrogs. And family members of these
individuas.

In an incident in New Jersey a child had a“fecd accident” in a 700,000-liter swimming pool, and nine
swimmers came down with the disease® How many Giardia cysts might have been involved? The number of
cyss shed in fecesis highly variable but has been estimated as high as 900 million per day for a human.

Municipa weter utilities must use filters to remove the organism. San Francisco water, coming primarily
from the Hetch Hetchy watershed in Y osemite Nationd Park, tests positive for Giardia about 23 percent of the
time, although at very low levels: fewer than 0.12 cysts per liter. Thiswater is of such high quality that the US
Environmenta Protection Agency and the Cdifornia Department of Hedlth Services have granted Hetch Hetchy
water afiltration exemption, meaning thet filtration treetment to ensure its sefety from Giardia and other
organisms s not required.”® The Los Angeles Aqueduct, which transports water to that city from the eastern
dopes of the Sierra Nevada, averages 0.03 cysts per liter before treatment.’

Drinking highly contaminated water is one way to get the disease. Less common in developed countriesis
direct passage from stoal to the hands of afood preparer and then to the food itsalf. When 16 people got sick
from the sdlad at a Connecticut picnic, the CDC tracked the source to awoman who had mixed the salad with
her hands. She didn’t have giardiadis, but one of her children did—without any symptoms.™® A Smilar Stuation
occurred in New Jersey, with the salad preparer testing positive for Giardia aong with her child and pet
rabbit.”®

Contaminated food may be aless-common source for the generd population, but for wilderness visitors, it
may be the most important one. Put another way: If the water is clean, food-borne and direct feca-ora routes
are the only pathways.

On arecent climbing expedition to Tibet, members of our party came down again and again with what was
undoubtedly giardiasis. Our water came from glacia melt, but dl our food in advanced base camp and below
was prepared by Sherpa cooks. Much of the food they prepared—ipotatoes, rice, cauliflower, cabbage,
onions—came from Nepal. We were continually assured that the cooks were practicing good hygiene, yet we
had mgor intestina problems that prevented many of the participants from getting high on the mountain.

The disease has been referred to as “beaver fever” because of a presumed link to those water-dweling
animas known to be carriers. However, it has been suggested that it is more likely that humans have carried the
parasite into the wilderness and that beavers may actudly be the victims. In particular, thereisagrowing
amount of data showing that beavers living downstream from campgrounds have a high Giardia infection rate
compared with a near- zero rate for beavers living in more remote aress.

In any case, beavers can and do contract giardiasis. Being water-dwdlers, they arethus able to
contaminate water more directly than an anima that defecates on the ground.

" The referenced sources use a variety of units for portraying cyst concentration: cysts per 100 liters, per 100
gdlons, etc. For uniformity, al have been converted to cysts per liter snce that is the size of thetypica
backpacker’ s canteen.



Other animds that can harbor Giardia are bighorn sheep, cats, cattle, coyotes, deer, dogs, ek, muskrats,
pet rabbits, raccoons, and squirrels. But naturally occurring infections have not been found in mogt wild animas
including badgers, bears, bobcats, ferrets, lynxes, marmots, moose, porcupines, rabbits, and skunks. In the
past, horses and domestic sheep were thought to be Giardia-free, but more recent studies have shown that
they can sometimes be infected.™> # Indeed, in some cases the issue seems to one of degree and not a black-
or-white Stuation.

If “1t's everywhere!” why isit not more of a problem?

The good news: Most of thetime, the concentration of Giardiacystsisvery low * %8

Outside of places where feca accidents occur, dirty digpers congregate, and cities where water treatment
plants break down or are ineffective, thereis little room to worry. A few Giardia cysts now and then will cause
no harm, and in fact may be useful in developing an immunity as will be expanded upon later.

How many cysts does it take to get the disease? Theoreticaly only one, but volunteer studies have shown
that 10 or so are required to have a reasonable probability of contracting giardiass. About one-third of persons
ingesting 10 — 25 cysts get detectable cystsin their stools, & 7+ 8 10303

But be careful with gatigtics: Anima droppings containing 100,000 Giardia cysts deposited at the edge of
a 10 million liter lake may be an average of only 0.01 per liter for the lake asawhoale, but in the immediate
vicinity of the deposit, the concentration can be much higher.

A comforting observation is that Sgnificant cyst inactivation, as high as 99.9 percent, can occur as aresult of
anaerobic digestion in sewage dudge® Of course, using asimple cat hole is not exactly a good approximation
to the sawage plant process, but this points out the wisdom of doing something better than just leaving it on the
ground or under a couple of rocks. On the other hand, cysts perish in aday on dry surfaces,* so smearing it
over arock dab makes some sense when burid is not feasible.

Since cydts that “winter over” in the Sierra Nevada are either in liquid water for consderably more than 2 to
3 months, or exposed to freezing temperatures, it would gppear that few will survive the harsh Serrawinters.
So, except for pollution by winter mountaineers and non-hibernating animals, Giar dia contamination in the high
country must begin essentidly anew each spring.

More good news: |f you have a Giardiainfestation, you will likely have no symptoms *© 7 17: 18. 33,34

The symptoms of giardiass vary widdly. Characteristic symptoms, when they occur, are mild to moderate
abdomina discomfort, abdomina distention due to increased intestinal gas, sulfurous or “rotten egg” burps,
highly offengive flatulence, and mild to moderate diarrhea. Stools are soft (but not liquid), bulky, and foul
smdling. They have been described as greasy and frothy, and they float on the surface of water. Nauses,
weekness, and loss of appetite may occur. Studies have shown that giardiasis can be suspected when the iliness
lasts seven or more days with at least two of the above symptoms.”

However, most infected individuals have no symptomsat dl! In oneincident” studied by the CDC,
disruption inamgor city’ swater disinfection system alowed the entire population to consume water heavily
contaminated with Giardia. Yet only 11 percent of the exposed population devel oped symptoms even though
46 percent had organismsin their sools. These figures suggest that (a) even when ingesting large amounts of the
parasite, the chance of contracting giardiasisislessthan 1in 2, and (b) if you are one of the unlucky onesto
contract it, the chance of having symptomsislessthan 1in4. But perhgpsthe most tdling satistic is that
drinking heavily contaminated water resulted in symptoms of giardiagsin only 1 casein 9.

If you have symptomsit may not be giardiasis ** " > 18 %

Many people clam that they “got it” on a particular trip into the wilderness. Y et upon questioning, they

usualy report that the presence of Giardia was not confirmed in the laboratory. (Only 8 percent of persons



with adiarrheal illnessin this country seek medical care.*) Depending on the situation, more likely offenders
are Campylobacter, Cryptosporidium, Samonella, Shigella, Yersnia, Aeromonas, Clogtridium, and Escherichia
cali, with the last being the most common cause of traveler’ s diarrhea worldwide. Food poisoningisaso a
possibility.

Cryptosporidiogss, in particular, isagrowing problem in this country, and currently, there is no effective
treatment for it. An outbreak in Milwaukee in 1993 caused 403,000 people to becomeill and 100 to die. A
year |ater, 43 peoplein Las Vegas died from the same disease.® The severity of cryptosporidiosis depends on
the condition of the host’simmune system. In immunologicaly norma people, symptoms and duration are
amilar to those of giardiass. But in persons whose immune systems have been compromised (eg., AIDS
victims), symptoms can be profound: Frequent (6 to 25), voluminous (1 to 25 liters) daily bowe movements,
serious weight loss, and cyst shedding often persist for months.

The diarrhea being blamed on Giardia from that climbing trip aweek ago may instead be due to some
spoiled food eaten last night or Campylobacter in undercooked chicken four days ago. Or, because the
incubation period is usualy from one to four weeks, even if it is giardiass the uncertainty range indicates thet the
culprits could have been ingested anytime during a full three weeks worth of meds and beverages. Peoplein
high-risk groups for Giardia, such as family members of children in day care centers or promiscuous male
homosexud's, have even more possible sourcesto consider. To indict a particular stream or lake under such
circumstances, without being able to at least verify that cysts are indeed there a dl, isillogica at best.

Thetype of diarrheacan hep in the diagnogs. If itisliquid and mixes reedily with water rather than floating
on top and is not particularly foul smdling, the problem islikdy something other than giardiass. Diarrheawhich
lasts less than aweek, untreated, is probably not from giardiasis.

Almost always, giar diasis goes away without treatment & 7 15 16,17, 33. 37

If you are unlucky enough to get giardiasis with symptoms, the symptoms will probably go away in aweek
or o without treatment. 'Y ou may still be harboring the cysts, however, and can unknowingly spread the
disease. Thus, practicing commonly recommended wilderness sanitary habits—defecating 100 feet from water,
burying or packing out feces and toilet paper, washing before handling food, etc—is an excdlent idea.

The US Food and Drug Adminigtration, observing that giardiasis is more prevaent in children than adults,
suggests thet many individuals seem to have alagting immunity after infection.®® Furthermore, citizens of cities
and countries where the parasite is numerous clearly seem to have few if any problems with their own water,
which aso points to an acquired immunity. So thereisapossble bright Side to contracting the disease.

Looking for cysts and trophozoites in stool specimens under the microscopic has been the traditiona
method for diagnoang giardiasis, but it is notorioudy unreliable. Now, however, an immunologic test (enzyme-
linked immunosorbent assay, or ELISA) for the detection of Giardia antigensin ool samplesisavalable. The
antigens are present only if thereisa Giardia infection. ELISA isabig improvement over the microscopic
search, with detection sengtivities of 90 percent or more.

Rare individuas not only do not spontaneoudy rid themselves of the organisms but instead develop serious
symptoms of malabsorption, weight loss, ulcer-like ssomach pain, and other chronic disturbances. Fortunatdy,
this occursin fewer than 1 percent of those with infestations. These unlucky people need medical treatment.

Metronidazole (Flagyl) has been the standard medication, with about a 92 percent cure rate.
Recommended by the CDC, it is not approved by the FDA for giardiasis because it can have some serious Sde
effectsand is potentially carcinogenic. Quinacrine (Atabrine) and furazolidone (Furoxone) are adso prescribed.
Tinidazole (Tinebah) is highly effective in single doses and iswiddy used throughout the world, but it is not
availablein the US; it can be purchased over-the-counter in many developing countries.” 2

Giardiass has been called adisease of “somes.” Some people do not contract it even from heavily
contaminated sources. Some infestations vanish with no treatment at al. Some people become asymptomatic



cariers. Some evidence suggests that some people acquire a natural immunity to some strains. And some
strains seem more virulent than others.™

The problem may not be whether you are infected with the parasite but how harmonioudy you both can live
together. And how to get rid of the parasite when the harmony does not exist or islost.?

So, what about the Sierra Nevada? * & -8 1618

In 1984, the US Geologica Survey in cooperation with the California Department of Public Health
examined water at 69 Serra Nevada stream Sites that were selected in consultation with Park Service and
National Forest managers> *° Forty-two of the stream Sites were considered “ high-use’ (high probability of
human fecd contamination), and 27 were “low-use.” Cysts were found at only 18 (43 percent) of the high-use
stesand at 5 (19 percent) of the low-use Stes. The highest concentration of Giardia cysts was 0.108 per liter
of water in Susie Lake, south of Lake Tahoe. The next highest was 0.037 per liter near Long Lake, southwest
of Bishop. Samplestaken in the Mt. Whitney area varied from 0 (most sites) to 0.013 (Lone Pine Creek at
Trall Camp) per liter. The concentration was 0.003 per liter in Lone Pine Creek at Whitney Portd.

Recall that San Francisco water can contain a concentration approaching 0.12 cysts per liter,”® afigure now
seen to be higher than that measured anywhere in the Sierra. San Francisco city officials go to great lengthsto
assure their citizens that the water is safe to drink, and if true—as it most assuredly must be—this comparison
doneisquitereveding.

Even Los Angdes Aqueduct water, with only 0.03 cysts per liter,?” has a higher concentration of Giardia
than al but two of the 69 Serrastes examined.

Taking the highest concentration measured in the Sierra (0.108), we can make some calculations. The
probability* of finding 10 or more cystsin aliter of water—to have at least a one-third chance of contracting
giardiass—is about 10", Ten cystsin 10 liters of water, about 107, In fact, one would have to drink over 89
liters to have a 50 percent probability of ingesting 10 or more cysts.

A word of caution: The concentration is never uniform, as suggested by the “lake incident” above.

Another reason for caution: 1984 was quite awhile ago, and areas of the Serramay be differently
contaminated now: some perhagps more, some perhapsless. Also, while so much attention is being given to
Giardia, there are worse organisms to worry about such as Campylobacter, Cryptosporidium, E. coli, and the
others mentioned earlier.

In an informative study,** investigators contacted thousands of visitors to one of the high-use sites during the
summers of 1988 through 1990. Water samples taken on 10 different dates at each of three loceations exhibited
Giardia cyst concentrations between 0 and 0.062 (average 0.009) per liter. A goad wasto enlist volunteers
who were cyst-negative before therr trip, verified by stool andyss, and then determine what fraction were cyst
cariers after the trip. Unfortunatdly, stool collection is not a particularly enjoyable task, and only 41 people
agreed to participate. Of these, two acquired Giardia cysts during their trip, but neither came down with
symptoms. Six of the others exhibited post-vigt intestind symptoms, but none tested postive for Giardia
(interestingly, dl sx had filtered their water). In sum, no cases of laboratory-confirmed symptomatic giardiass
were found.

The water that wilderness travelers are gpt to drink, assuming that they use alittle care, seems amost
universaly sofe asfar as Giardia is concerned. The study referred to earlier,? in which the researchers
concluded that the risk of contracting giardiasisin the wildernessis Smilar to that of a shark attack, isteling.
What they did find isthat Giardia and other intestinal bugs are for the most part spread by direct feca-ora or
food- borne transmission, not by contaminated drinking water. Since persona hygiene often takes a backseat
when camping, the possibility of contracting giardiads from someone in your own party—someone who is

* These cdculaions involve use of atool caled the Poisson distribution.



asymptomatic, probably—isred. Recdling that up to 7 percent of Americans, or 1in 14, are infected, it is not
surprising that wilderness visitors can indeed come home with a case of giardiass contracted not from the
water...but from one of ther friends.

Thistheme, that reduced attention to persond hygieneis an important factor for contracting giardiasisin the
wilderness, is becoming more frequent in the literature.® 1% 16 4% 42

Outside of the Sierra, Giardia cystsin concentrations “as high as four per gdlor®™ have been detected in
untrested water in northeastern and western states.®  But even with this concentration, one would have to
consume over nine liters of water to have a 50 percent chance of ingesting 10 or more cys.

Indeed, there may be as much unwarranted hysteria surrounding Giardia in wilderness water in these other
aress asthereisfor the Sierra. For example, an oft-cited report describing acquisition of the disease by 65
percent of agroup of students hiking in the Uinta Mountains of Uta** is now viewed with considerable
skepticism.  Specifically, the attack rate was far beyond that usudly seen with water-contracted giardiasis, no
cysts were identified in the sugpect water, there was no association between water consumption rates and the
likelihood of the disease, and the authors categorically discounted food-borne or fecal-ora spread, Sating that it
had never been reported (correct a the time).2

Per sonal observations

| sarted visting the Sierra Nevadain the early 1950s and have spent much of my free time there. | have
never treated the water, and | have never had symptoms of giardiasis as a consequence of my vists. My many
amilarly active friends and acquaintances aso drink the water with no ill effects. But because of other
organisms possibly present, we are dways careful to “drink smart”:

Drink from large fast-flowing streams whenever possible, preferably those entering from the side
rather than those pardlding the trail.

Drinking water from alake is best advised at the inlet, with the next best place at the outlet—
especidly if it isfagt-flowing.

Few Giardia cyds survive harsh Serrawinters. Contamination begins essentidly anew each year,
S0 Soringtime water is safer than summer or fall.

Water at higher devationsis safer than lower, partly because of reduced human and animd
presence up high, and partly because water flowing to lower eevations picks up more contaminants
the more digtance it travels.

The colder the water is, the more likdly it is freshly melted, meaning less opportunity for contamina-
tion.

Because filtration of water through soil removes Giardia cysts, deep well water is considered safe.”
By implication, oringsin the wilderness should be, too.

One would think that, after a heavy snow year when streams run full and long, some kind of
“flushing out” effect of lakes and streams must be occurring. Conversely, it makes sense to be more
cautiousin dry years.

Avoid water that likely could have passed through an area subject to heavy human or anima use.

If it doesn’t look good—it’s cloudy or has surface foam—trest it or don’t drink it.

If in doubt, treat it—but how? While ussful in many indances, chlorineisnot in generd effective for
Giardia disgnfection, which is why swimming pools are primary sources for the disease. The best filters work,
dthough they are costly, heavy, and bulky, and many are somewhat awkward to use® *°

§ Author’ swords.



Boailing is usudly inconvenient, but if you are preparing hot water for meds anyway, you may aswdl take
advantage. Giardia cyss are highly susceptible to heat, and smply bringing water to 150° F. for five minutes,
176° for aminute, or 190° momentarily, will kill them.® *° But boiling for afew minutes a dtitude is usualy
recommended because of the other organisms that may be present. At 10,000 feet elevation, water boils at
194°; at 14,000 feet, 187°.

lodine is probably the best treatment choice, being inexpensive, convenient, and safe. lodine is effective
against most bacteria and viruses, too—and over awide range of temperatures. (But Cryptosporidium may be
resstant toiodine.) A popular system usesiodine crystasin a saturated water solution. Methods exist to mask
or remove the iodine taste.

Summary figures
Here are some of the Giardia cyst concentrations discussed in various places above. Units are cyds per
liter.

Concentration Comment
~1000 Typicd swimming pool contamination
~100 Giardiassis plausible”
~10 Minimum needed to contract giardiass
~1 Some wilderness water outsde Cdifornia

0.12 Some San Francisco water
0.108 Worst Sierra Nevada water
0.030 Los Angeles Aqueduct water
0.013 Mt. Whitney at Trall Camp
0.003 Mt. Whitney a Whitney Portd

Conclusons

In arecent letter® the Supervisor of the Inyo National Forest told me: “As to whether or not Giardia exigts
inthe Sierra, we are not in a pogtion to state afact one way or the other.” Thisisasgnificant admisson. So
why do they persst in informing everyone that giardiassis a potentia hazard when visiting the Sierra Nevada?

Firg: They know that Some waters might be contaminated by something, and Giardia isthe organism on
peopl€' s minds so needs no eaboration. Contaminated water is certainly possble a lower devationsand in
somelocales. Noting in particular that novice hikers cannot be expected to make correct choices of which
sources may be safe to drink, they point out that a conservative approach isto tregt all water.

Second: If aperson believes, dbeit incorrectly, that they contracted giardiasis from Sierra Nevada water,
they cannot accuse the Forest Service of not warning them. Potential confrontations are therefore avoided.

Unfortunatdly, this approach results in an incorrect perception of overal water qudity in the Sierra by the
generd public, tainting the image of this pritine wilderness. 1t dso meansthat if someone contracts a
gastrointestind illness after avist, they will be more gpt to blame the water, having been “forewarned” thet all
water is suspect. And so the myth is perpetuated.

Untreated Sierra Nevada water is, dmost everywhere, safe to drink—if you “drink smart.” If you don’t
“drink smart” you may ingest diarrhea- causing organisms. But it dmogt certainly won't be Giardia.

Becauseup to 1in 14 of us carriesthe Giardia parasite, we al need to do what we can to keep the water
pure. Defecate away from water, and bury it or carry it out.

" If oneliter is consumed.



Camp cooksin particular need to pay specid attention to cleanliness. Wash hands thoroughly, especidly
before handling utensls and preparing meds. If you contract giardiasisin the backcountry, blame your
friends...not the weter.

High Serrawater hasfar too few Giardia cygsfor you to contract an infestation fromit. Even if you go
somewhere where the concentration is high, you probably won't get giardiasis. If you do get giardiasis, you
probably won't have any symptoms. If you have symptoms, they will probably go away by themsdvesina
week or 0. If they don't or you develop serious persistent symptoms, you should seek medical trestment.
Findly, those contracting giardiasis may develop immunity to it, thus lowering the likeihood thet they will get it
agan.

Thereis certainly no reason for anxiety about giardiasis. Fewer than 1 percent of those who have an
infestation, or about 5 percent of those with symptoms, need medical help.

Recommendation

Our wilderness managers are in a position to educate the outdoor public about the rea culprit in the
Giardia lamblia story: inadequate human hygiene. When they redize that Sierra Nevada water has fewer
Giardia cygsthan, for example, the municipa water supply of the city of San Francisco, maybe they will turn
ther attention to it.

Thethrugt of the following observation islong overdue:

“ Given the casual approach to personal hygiene that characterizes most backpacking
treks, hand washing is likely to be a much more useful preventative strategy than water
disinfection! ™ This simple expedient, strictly enforced in health care, child care, and food
service settings, is rarely mentioned in wilderness education materials.” ?

About the author

Bob Rockwdl is an active mountaineer who made hisfird trip into the Sierra Nevadain 1952 to climb Mt.
Whitney, and he repests this climb severad times annualy. He has abachdor’ s degree in Physics from UC-
Berkeley, and a PhD in Aeronautical and Astronautical Engineering (Biomechanics) from Stanford. In the
course of making over athousand ascents of hundreds of individua Sierra Nevada mountains, he has never
filtered or otherwise treated the water and he has never contracted symptoms of giardiasis. Retired since 1990,
he is now able to fully indulge in his favorite pastime and spends more time there, never treating the water, than
ever before.
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INTRODUCTION survive for 3 months in water at 4°C (120, 121). They are

Giardia

Although its first description was attributed to the micros-
copist Antonie van Leeuwenhoek (1632 to 1723), Vilem Lambl
(1824 to 1895), a Czech physician, was credited with the dis-
covery in 1859 of the flagellate Giardia. The name lamblia was
given to the species by Blanchard in 1888 (121). Giardia, a
flagellated protozoan, inhabits the upper part of the small
intestine of its host and has a direct life cycle. After the host
ingests cysts, which are the infective stage, the trophozoites
(Fig. 1) emerge from the cysts in the duodenum and attach to
the small intestinal mucosa. They undergo mitotic division in
the intracellular lumen; some will encyst to protect themselves
and will be eliminated from the host in the feces. Cysts can

* Mailing address: Institute of Parasitology, Macdonald Campus of
McGill University, 21,111 Lakeshore Rd., Ste. Anne-de-Bellevue,
Québec, Canada H9X 3V9. Phone: 514-398-7724; FAX: 514-398-7857,
E-mail: gactan@parasit.lan mcgill.ca
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transmitted to a new host through contaminated water or food
or by person-to-person or animal-to-person contact. The inoc-
ulum required for infection in humans is between 10 and 100
cysts (155).

Interest in this group of protozoa began only 20 years ago,
when Giardia organisms were isolated from mammal, bird, and
amphibian hosts (105). Initially, assignment of a species name
to Giardia was based on the animal host species from which the
organism was isolated. Filice (66) rejected this concept of host
specificity and proposed to use the morphology of the tropho-
zoite microtubular organelles known as the median body (Fig.
1) to classify species into three groups: (i) the amphibian group
(G. agilis), which has a long teardrop-shaped median body; (ii)
the rodent and bird group (G. muris), which has two small,
rounded median bodies; and (iii) the human group (G. duo-
denalis = lamblia = intestinalis), in which the single or double
median bodies resemble the claw of a claw hammer (Fig. 1).
Organisms of the duodenalis group have been described not
only in humans but also in other mammals, birds, and reptiles.
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FIG. 1. Trophozoite of the G. duodenalis type of organism.
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Giardia trophozoites recently isolated from the great blue
heron (56) and budgerigar (58) were given the names of G.
ardea and G. psittaci, respectively, because these species were
found to be distinct from G. duodenalis when examined by
electron microscopy. However, these new species share many
of the characteristics of the duodenalis organism group (58). It
is likely that new Giardia species will be described in the future.
In this review, because Filice’s (66) classification is followed,
the name “G. duodenalis” is used to describe the human type
of Giardia.

Giardiasis

In humans, the clinical effects of Giardia infection range
from the asymptomatic carrier state to a severe malabsorption
syndrome. In fact, it was only in the late 1970s that Giardia was
recognized to cause pathology. In a clinical study in 1978,
Kulda and Nohynkova concluded that this parasite can cause
disease in humans based on symptoms such as malabsorption
and the pathology observed in the upper part of the small
intestine in patients from whom the organism was isolated
(105). In 1981, the World Health Organization added Giardia
to its list of parasitic pathogens (197).

Factors possibly contributing to the variation in clinical man-
ifestations include the virulence of the Giardia strain (8, 136),
the number of cysts ingested, the age of the host, and the state
of the host immune system at the time of infection. The clinical
diagnosis of giardiasis is difficult since symptoms are nonspe-
cific and resemble those of a number of other gastrointestinal
ailments. Clinical features may range from diarrhea to consti-
pation, nausea, headache, and flatulence (121, 199). Moreover,
the symptoms observed vary with the life cycle stage of the
parasite. The incubation period may last 12 to 19 days and is
marked by the first detection of cysts in the feces (97). This
period is followed by the acute phase, where a variety of symp-
toms signal the onset of the disease. If the immune system of
the host is fully developed and healthy, the acute phase usually
resolves spontaneously and the symptoms will disappear. Un-
fortunately, in certain cases, in spite of a healthy and fully
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developed immune system, the acute phase develops into a
chronic stage. In these situations, the symptoms of the disease
will reappear for short and recurrent periods (199). There are
also some asymptomatic patients who pass cysts in their feces.
In one study, it was found that between 60 and 80% of infected
children in day care nurseries and their household contacts
have asymptomatic giardiasis (101). Asymptomatic individuals
are an important reservoir for spread of the infection.

The histopathological changes occurring at the mucosal sites
range from minimal to severe enough to cause enteropathy
with enterocyte damage, villus atrophy, and crypt hyperplasia
(65). The reasons for these variations are similar to those
mentioned above as possible factors contributing to the varia-
tion of clinical manifestation. Shortly after the trophozoites
leave the stomach of their new host in response to low pH,
excystation will take place. Using their flagella and ventral disc,
trophozoites released in the upper part of the small intestine
move to the microvillus-covered surface of the duodenum and
jejunum, where they attach themselves (88, 116), and play a
role in the onset of the pathology (22, 34, 124). The suction
force created by this mode of attachment may damage the
microvilli and interfere with the process of food absorption
(88, 116). Eventually, the rapid multiplication of the tropho-
zoites by binary fission creates a physical barrier between the
intestinal epithelial cells and the lumen of the intestine, inter-
fering with the process of absorption of nutrients.

Since it is difficult to access the intestinal mucosa of humans
without using invasive procedures, our knowledge of the mu-
cosal pathology caused by Giardia is limited. The trophozoites
do not usually penetrate the epithelium (65). However, when
the conditions are favorable, trophozoites may invade tissues
such as the gallbladder and the urinary tract (73, 122). Mucosal
invasion by trophozoites has also been observed in the mouse
model of the disease (114, 145). The migration of trophozoites
from the lumen of the intestine into surrounding tissues is,
however, an unusual occurrence in humans and mice.

The jejunal morphology ranges from normal to subtotal
villus atrophy, and a correlation between the degree of villus
damage and malabsorption has been reported (21, 35, 124, 125,
201). In humans, polymorphonuclear leukocytes and eosino-
phils have been detected (202). These changes revert to normal
after treatment or when the parasite has been eliminated by
the immune system. On the other hand, Brandborg et al. found
normal jejunal histology with absence of inflammatory cells in
symptomatic patients (with diarrhea) (29). A higher incidence
of giardiasis has been reported in hypogammaglobulinemic
patients (200); it appears that more severe damage to the villus
is present in the hypogammaglobulinemic patients than in
those with a normal immune system (65). Interestingly, the
degree of villus pathology observed in patients with AIDS is
comparable to that in immunocompetent patients (103), al-
though AIDS patients are deficient in CD4" T cells. Further-
more, AIDS patients do not appear to be more susceptible
than healthy persons to giardiasis (166). For a review of the
effects of G. duodenalis on the structure, kinetics, and function
of absorptive intestinal cells and other epithelial cells and a
correlation with morphological injury and physiological alter-
ations, the reader is referred to the review by Buret et al. (34).

ANTIGENS OF GIARDIA

Polypeptides

The identification of G. duodenalis antigens that play a role
in acquired immunity has been difficult for a variety of reasons:
(i) usually the trophozoites do not invade the tissues (if there
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is a stimulation of the immune system, it remains localized);
(ii) antigenic variation on the surface membrane of trophozo-
ites has been reported (see the following section); (iii) inves-
tigators have used different isolates of Giardia, different anti-
body reagents, and a variety of assays in studies of the immune
response to Giardia; and (iv) it is difficult to compare the
results obtained by different laboratories. Crude antigenic ex-
tracts prepared from G. duodenalis trophozoites cultured in
vitro have revealed different polypeptides depending on the
techniques used to characterize them. For example, a mini-
mum of 20 distinct Coomassie blue-staining bands ranging in
molecular mass from 14 to 125 kDa were obtained by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) (126). However, high-performance liquid chromatog-
raphy showed five distinct fractions, and when they were used
as antigens in an enzyme-linked immunosorbent assay
(ELISA) to detect specific antibodies in the serum of immu-
nized rabbits, the assay was positive only with the higher-
molecular-mass fractions (126). These findings indicate that
many polypeptides detected by SDS-PAGE are probably not
playing a role in the immune response.

On the other hand, SDS-PAGE has been useful in demon-
strating similarities in the antigen profiles of G. duodenalis
isolates from the same geographic area (196). Since G. duode-
nalis is a ubiquitous organism, it is possible that the antigenic
profiles of isolates from different geographic areas will vary.
Surprisingly, analysis of the molecular mass of polypeptides
from crude extracts of trophozoites obtained from different
geographic isolates shows that there are many similarities. For
example, similarities were reported among the proteins in iso-
lates from Afghanistan, Puerto Rico, Ecuador, and Oregon.
Their molecular masses ranged from 12 to 140 kDa (167). In
this case, it is not surprising that the antigenic profiles of G.
duodenalis isolates from a same geographic area have also
revealed many similarities among them (196).

Nash and Keister (132) were able to classify 19 isolates of G.
duodenalis into three groups by comparing the reactivity of
antibodies raised against excretory-secretory (ES) products re-
leased in vitro in the culture medium by each isolate. Five
isolates showed major antibody cross-reactivity, and 11 showed
moderate antibody cross-reactivity. Three isolates released
identical ES products. Similarities were also observed in the
antigens present on the surface of the trophozoites of the 19
isolates even if the patients had been infected in different
geographic areas (132). None of these studies of antigenic
profiles in geographic areas were able to identify a single dom-
inant protein among the isolates.

The identification of a G. duodenalis trophozoite major sur-
face antigen that is present on all isolates will be an asset for
the development of immunodiagnostic tests or for the design
of a vaccine. The existence of a dominant surface antigen on
the trophozoite of G. duodenalis was first reported by Einfeld
and Stibbs (55). The characterization of this 82-kDa antigen
revealed that it was pronase and periodate modifiable and heat
labile (55). Using surface iodinated techniques, Edson et al.
(54) identified an 88-kDa major trophozoite surface antigen
which they claim is similar to the 82-kDa polypeptide reported
by Einfeld and Stibbs. Antibodies to the 88-kDa polypeptide
were detected in the sera of infected patients, but no clear
correlation was established between the appearance of specific
serum antibodies to G. duodenalis major antigens and protec-
tive immunity. Unfortunately, only two anti-G. duodenalis hu-
man sera were used in their study (54). The identification of a
major surface antigen of approximately 80 kDa is an interest-
ing finding. It is not known if this major antigen is also present
in isolates from different geographic areas. Antigens with dif-
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ferent molecular masses were identified from isolates obtained
from symptomatic and asymptomatic patients. By using immu-
noblotting, 65- and 70-kDa antigens were identified in the
feces of gerbils infected with strains obtained from symptom-
atic and asymptomatic patients, respectively (127, 128).

Clark and Holberton (44) introduced methods to study Gi-
ardia molecules from pure fractions of plasma membranes.
After purification of the cell membrane preparation by cen-
trifugation on a Percoll gradient, a major band was found at 75
kDa. The investigators concluded that the antigen corre-
sponded to the iodinatable and antibody-precipitated 82-kDa
antigen reported earlier by Einfeld and Stibbs (55). In addi-
tion, 22-, 54-, and 58-kDa polypeptides were identified. Inter-
estingly, the 54- and 58-kDa proteins comigrated with «- and
B-tubulins. The authors concluded that tubulin is a constituent
of Giardia membranes and appears in a different form from the
tubulin found in microtubules (44). It is possible that all these
different polypeptides observed on the surface membrane of
trophozoites in the early literature were in fact variant surface
proteins described in the late 1980s by Nash et al. (137); this
would also explain the difficulty encountered in the isolation of
dominant antigens.

Genes that encode surface membrane proteins of trophozo-
ites have been cloned. Sequence analysis of a gene encoding a
72.5-kDa protein revealed a single open reading frame speci-
fying a hydrophilic cysteine-rich protein with an amino-termi-
nal signal peptide and a postulated hydrophobic membrane-
spanning anchor region near the carboxyl terminus (67). The
cysteine residues (58 of 84 residues) were in a Cys-Xaa-Xaa-
Cys motif dispersed 29 times throughout the sequence. The
authors hypothesized that the abundance of cysteine residues
suggests that the native proteins on the parasite surface may
contain numerous disulfide bonds. These bonds would confer
resistance to intestinal-fluid proteases and to the detergent
activity of bile salts, thereby helping the parasite survive in the
hostile environment of the intestine (67). Upcroft et al. (183)
have expressed Giardia antigens in Escherichia coli by cloning
G. duodenalis genomic DNA into pUC vectors. Expressed pro-
teins were part of the organelles of the trophozoite. For ex-
ample, a 32-kDa protein which is associated with the spiral part
of the ventral disc was also found in the flagella and axonemes.
Other proteins expressed by the clones covered the surface of
the trophozoites or were associated with the coat (183).

Cyst antigens detected in human feces have a molecular
mass varying between 21 and 49 kDa (71). Similar antigens
were also detected in immunoblots of parasites cultured in
vitro in encysting medium. These polypeptides are not found in
the trophozoites (71). Monoclonal antibodies (MAbs) raised
against cyst antigens were able to recognize polypeptides rang-
ing from 29 to 45 kDa in immunoblot and immunofluorescence
assays. The polypeptides appeared within 8 h of exposure of
the trophozoites to encystation medium (37, 193). These in-
vestigators concluded that the molecules appearing early dur-
ing encystation represent potential targets for strategies di-
rected at inhibiting the process of encystation. Genes that
express protein components of the cyst wall have been identi-
fied. One of the cloned genes expresses an acidic, leucine-rich
26-kDa polypeptide (CWP1) that contains 5.3 tandemly ar-
ranged copies of a degenerate 24-amino-acid repeat (129).
Interestingly, the levels of the transcripts from the cyst wall
protein gene increase more than 100-fold during encystation.
Cyst wall protein expression also increases dramatically during
encystation. Before CWP1 is incorporated into the nascent cyst
wall, it is contained within encystation-specific vesicles of en-
cysting trophozoites. CWP1 was not observed in nonencysting
trophozoites (129). Another gene expressing a different cyst
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wall protein has been cloned. The novel 39-kDa polypeptide
(CWP2) is also expressed during encystation; unlike CWP1,
CWP2 has a 121-residue COOH-terminal extension (113).
These studies of polypeptides of G. duodenalis trophozoites
and cysts demonstrate the antigenic complexity of this intesti-
nal parasite and the challenge it provides to the immune sys-
tem of its host.

Heat Shock Proteins

Heat shock proteins (HSP) are synthesized by mammal,
bacterium, protozoan, helminth, and even plant cells in re-
sponse to stresses such as an abrupt rise in temperature, pH, or
other stressful treatment. These proteins help the cell to sur-
vive the stress. Giardia trophozoites live in the intestine, a
habitat where stresses are likely to occur. Few studies have
been done on HSP in giardiasis, and the role they may play in
the immune response has yet to be defined. HSP have been
detected on the surface membrane of trophozoites. The syn-
thesis of [**S]methionine-labeled proteins of 30, 70, 83, and
100 kDa was increased at 43°C (110). During in vitro encysta-
tion, several stage-specific proteins were recognized in immu-
noblots by antisera raised against antigens of the HSP60 family
from Mycobacterium bovis and HSP70 from Plasmodium falci-
parum (152). The detection of HSP in encysting cells is inter-
esting. Giardia trophozoites have developed a way of surviving
for a certain period in the harsh environment of the host small
intestine. However, the phenomenon of encystment may rep-
resent an escape mechanism for the trophozoites at the time
when the immune system detects the presence of this invader
attaching itself to the intestinal mucosal surface. At present,
little is known about how and when the trophozoites turn on
genes to build the cyst structure. Whether HSP plays a role in
the phenomenon of encystation is unknown.

Lectins

Lectins are glycoproteins that bind to specific sugars and
oligosaccharides and are linked to glycoproteins or glycolipids
present on the cell surface of eukaryotes. Trophozoites of G.
duodenalis have surface membrane lectins with specificity for
D-glucosyl and b-mannose residues (61). Ward et al. (194) have
identified and characterized taglin, a mannose-6-phosphate
binding, trypsin-activated lectin from the trophozoite mem-
brane. Activation of G. duodenalis lectin by proteases from the
human duodenum has been reported (108). After activation,
the lectin agglutinated intestinal cells to which the parasite
adheres in vitro. The lectin was specific for mannose-6-phos-
phate and was bound to the plasma membrane of Giardia
(108). A systematic analysis of G. duodenalis trophozoite sur-
face carbohydrate residues with lectins and glucosidases of
known sugar specificity has revealed that N-acetyl-D-glu-
cosamine is the only detectable saccharide on the plasma mem-
brane (192). The biological functions of lectins are unknown,
but it appears that they play a role in the mechanisms of
attachment of the trophozoites at the site of colonization (61).
The role that lectins play in the immune response to Giardia
is unknown. The immunobiology of the N-acetyl-pD-galac-
tosamine surface lectin of Entamoeba histolytica is well known
(38). This lectin binds to mucin for colonization and prevents
the trophozoites from making contact with the underlying sur-
face of the epithelium (181). Taglin, a lectin present on the
surface membrane of Giardia, does not bind to mucin. It is also
unknown if taglin is able to transform the local lymphocytes
into blast cells. In this case, it is unlikely that lectins are im-
portant in the immune response to giardiasis.
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Giardins

Giardins are unique proteins of Giardia cells; to date, noth-
ing in the literature indicates the presence of similar proteins
in the cytoskeletons of other cell types. In contrast to surface
membrane antigens of trophozoites, structural proteins of G.
duodenalis appear to be highly conserved among isolates. For
example, analysis of the amino acid sequence of a 33-kDa
protein located in the ventral disk and axostyle revealed a
single open reading frame of 813 bp (6). The giardins are
defined as a family of ~30-kDa structural proteins found in
microribbons attached to microtubules in the disk cytoskeleton
of Giardia trophozoites (46). Using SDS-PAGE, Crossley and
Holberton (47) characterized the proteins from the axonemes
and disk cytoskeleton of G. duodenalis trophozoites. In addi-
tion to tubulin and the 30-kDa disk protein, at least 18 minor
components copurify with the two major proteins in Triton-
insoluble structures (47). The 30-kDa polypeptide accounts for
about 20% of the organelle proteins on gels. In continuous 25
mM Tris-glycine buffer, this polypeptide migrates as a close-
space doublet and was given the name of giardin. Peattie et al.
(147) have studied the molecular aspects of giardins and have
found giardins at the edges of disk microribbons of the tro-
phozoite; they named these particular proteins a-giardins. In a
subsequent study (141), more than one giardin was present at
the edges of the disk. The giardins were renamed al-giardin,
a2-giardin, and vy-giardin. Sequence analysis comparison re-
vealed that the genes coding for the a-giardins had 81% iden-
tity at the nucleotide level and 77% identity at the predicted
amino acid level (141). The interest in giardins as primary
antigens in the immune response to Giardia stems from the
fact that they form a family of proteins unique to this parasite.
They also represent a large proportion of the proteins found in
the organelle of attachment (ventral disk) of the parasite to its
host. They are surface antigens, and they are probably the first
set of antigens detected by the local immune system after
attachment of the parasite to the mucosal surfaces. No studies
have been reported on the role played by giardins in immunity
in giardiasis.

Tubulin

Tubulin determinants have been localized separately in the
disk cytoskeleton and flagella (180). After tubules were fixed in
formalin, a-tubulin was detected in the flagella, ventral disk,
funis, and median body (45). However, unfixed tubules showed
different antigenic structures. For instance, disk microtubules
were not stained by antitubulin antibodies. Crossley and Hol-
berton (47) have identified at least five isoelectric variants of
G. duodenalis tubulin. These molecules may represent a pri-
mary target for the immune system since they are found in
many organelles. The role they play in immunity has not been
studied.

ANTIGENIC VARIATION

Antigenic variation represents a mechanism whereby se-
lected viruses, bacteria, and parasites evade the immune re-
sponse of the host. By the time the host has developed a
protective immune response to the antigens originally present,
the latter have been replaced in a few surviving organisms by
new antigens. Antigenic variation affects the surface antigens
of the infectious agents in which it occurs.
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Antigenic Variation in Giardiasis

Nash et al. (137) were first to report the phenomenon of
antigenic variation in giardiasis. Some characteristics of this
phenomenon in giardiasis are as follows: (i) certain epitopes
are reexpressed in clones, suggesting the presence of a favored
set in the repertoire of epitopes; (ii) the repertoires of variant
surface proteins (VSPs) may differ among isolates; and (iii) the
same epitope detected on the surfaces of independent isolates
is present in molecules with different molecular masses (134,
135, 138). In contrast to other parasites in which the phenom-
enon has been observed, antigenic variation in giardiasis was
first observed as a phenomenon occurring in vitro. Most of the
studies on antigenic variation were done with the WB isolate
obtained from a symptomatic individual infected in Afghani-
stan. Clones of the WB isolate of G. duodenalis were exposed
in vitro to a cytotoxic MAb which reacts with a 170-kDa surface
antigen (137). Analysis of progeny and clones of the progeny
by different assays failed to detect the high-cysteine 170-kDa
antigen. In a subsequent study, it was demonstrated that the
loss of this antigen was associated with the appearance of a
new 64-kDa surface antigen (3). Specific variants have been
detected after 12 generations of in vitro growth of the WB
isolate (133). The abundant, highly variable VSPs which cover
the surface of trophozoites have been confirmed (204), and
these VSPs are capable of binding ®°Zn in vitro. The finding of
a cysteine-rich protein(s) in Giardia trophozoites (3, 7) was not
unexpected, since Giardia has a high nutritional requirement
for cysteine (69). The gene VSPAG6 coding for the 170-kDa
surface antigen has been cloned (3). This gene consists of three
regions: a short 5 region containing a hydrophobic leader, a
repeat region comprising 4,056 nucleotides and 20.8 repeats,
and a 3’ region containing a region of homology to the other
VSPAG genes (2). Antigenic variation at the surface membrane
of trophozoites occurs frequently in Giardia isolates. These
antigens are made of cysteine-rich proteins (6, 33), which are
controlled by 20 to 184 genes (133). In contrast to African
trypanosomiasis, where genes controlling variant surface anti-
gens are expressed in telomere-associated sites, the VSP genes
controlling the VSPs in Giardia are not telomere associated
(138).

Biological Significance

The importance of antigenic variation as a parameter in the
immune response to Giardia was realized when the phenom-
enon was documented in vivo in humans, mice, and gerbils (10,
77). Gerbils were inoculated orally with live trophozoites of G.
duodenalis clone WB Cl-6E7, which expresses a major 179-kDa
surface membrane protein. By day 7 postinfection, this protein
was no longer detected on the surface of trophozoites and had
been replaced by a series of new antigens, including a major
protein at 92 kDa (10). When immunocompetent BALB/c
mice were infected with a cloned human isolate of G. duode-
nalis, trophozoites removed from the small intestine had lost a
major surface epitope by day 22 postinfection (77). Gottstein
and Nash hypothesized that B-cell-dependent mechanisms are
most likely to be responsible for the surface antigen switch
(77). In contrast, the trophozoites removed from the guts of
infected athymic nude and scid mice still expressed the major
surface membrane epitope at the same level on day 25 postin-
fection. Interestingly, the initial antigenic surface variant re-
mained unchanged after encystment and subsequent excyst-
ments by infection in a new host (138). The facts that antigenic
variation was not observed in athymic mice and the initial
surface variant antigens remained unchanged after encystation
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indicate that the phenomenon of antigenic variation in giardi-
asis is driven by the immune system of the host.

The Variant Protein VSPH7

Neonatal ZU.ICR mice infected with trophozoites of G.
duodenalis clone GS/M-83-H7 expressing the variant protein
VSPH?7 transiently produced milk immunoglobulin A (IgA)
antibodies against a variant-specific 314-amino-acid N-termi-
nal region of VSPH7. These IgA antibodies exhibit a strong
parasiticidal effect on VSPH7-type trophozoites both in vitro
and in vivo. Not only are they promoting antigenic variation in
clone GS/M-83-H7, but also they influence the early course of
the infection in mice (174). VSPH7 consists of two antigeni-
cally distinct fragments: a unique, variant-specific 314-amino-
acid N-terminal region which elicits a low antibody response
that is preferentially detectable during the early phase of in-
fection, and a 171-amino-acid C-terminal region which elicits a
high antibody response during the later phase or after resolu-
tion of infection (130). Again, these results provide a good
example of the complexity of the immune response to Giardia
antigens. A low antibody response was detected against a spe-
cific epitope during the early phase of the infection, while a
higher antibody response was obtained against a different
epitope in the late phase of the infection. The immunogenicity
of VSPH7 in adult female ZU.ICR mice was studied after
peroral immunization with a recombinant vaccine (173). For
this purpose, the biocarrier Salmonella enterica serovar Typhi-
murium strain LT2M1C was used to deliver the VSPH7 anti-
gens to the mucosal site. The vaccination induced VSPH7-
specific IgG1, IgG2a, and IgG2b antibodies in the serum
whereas IgA antibodies were detected from supernatants of in
vitro-maintained intestinal-cell conglomerates. The authors
concluded that the live attenuated serovar Typhimurium strain
LT2MI1C is an ideal antigen delivery system, since the specific
systematic and local antibody responses were similar to those
induced by experimental or natural infections of mice with G.
lamblia clone GS/M-83-H7. Unfortunately, the authors did not
determine if the mice immunized with the biocarrier serovar
Typhimurium were protected against a challenge infection
with G. lamblia.

Immune Response in Animal Models

The variety of humoral and cellular immune responses stim-
ulated during the occurrence of antigenic variation has been
studied by using the mouse and gerbil animal models of the
disease. The predominant anti-Giardia-specific antibodies are
of the IgM and IgG isotypes, whereas the CD4 ™" T lymphocytes
isolated from mouse Peyer’s patches (PP) show a predominant
proliferative response to the antigens (75). On the other hand,
spleen and mesenteric lymph node (MLN) cells did not show
any lymphoproliferative response and no specific anti-Giardia
IgA antibodies were detected. These results show that in a
natural infection the lymphoid cells responding to the anti-
genic stimulation are located along the intestinal mucosal sur-
faces. The variant surface antigens of G. duodenalis have been
localized on the surface membrane of the trophozoites, and
they are usually associated with the presence of a thick cell coat
(149). The entire surface of the organism is usually covered by
the thick surface coat containing the variant surface protein,
but on some trophozoites the thick surface coat is absent (149).
It is not known if the absence of a thick surface membrane is
associated with an absence of antigenic variation.
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EFFECTOR MECHANISMS OF THE
IMMUNE RESPONSE

Our understanding of the mechanisms of the immune re-
sponse in giardiasis comes from four sources: (i) in vitro stud-
ies involving the growth of axenically grown G. duodenalis
trophozoites together with immune cells from a variety of
hosts; (ii) studies of mice infected with their natural parasite,
G. muris; (iii) animal models involving G. duodenalis-infected
adult gerbils or weanling mice; and (iv) studies of humans
naturally infected with Giardia or those who have volunteered
to be infected with Giardia (62).

Human Innate Immunity

In some patients, giardiasis resolves within a few days, while
in others the symptoms last for years, even in the presence of
circulating antibodies in serum or secretory antibodies at mu-
cosal sites and the cell-mediated immunity. Because of its
biological characteristics, it is likely that nonimmune factors
play a role in susceptibility to infection or in the duration and
severity of the disease. For example, normal human milk kills
G. duodenalis trophozoites independently of specific secretory
IgA antibodies (68). A number of laboratories have demon-
strated one giardiacidal factor present in milk, such as conju-
gated bile salts (70), unsaturated fatty acids (160), or free fatty
acids (154). When grown in vitro in the presence of human
milk, trophozoites can be protected from its giardiacidal effect
by addition of intestinal mucus to the culture medium (203). G.
duodenalis trophozoites are killed by products of lipolysis
present in human duodenal and upper jejunal fluid (50). Aley
et al. (11) have also reported that human neutrophil defensins
and indolicidin have antitrophozoite activities when they are
added to the culture medium. These results demonstrate the
importance of nonimmune mechanisms in the control of the
parasite population in the intestine. On the other hand, mech-
anisms of innate immunity may protect the parasite from de-
struction. For example, mucus has been reported to protect the
trophozoites from being killed by lipolytic products present in
the intestinal fluid (205).

Mechanisms of Acquired Immunity in Humans

Both humoral and cell-mediated immune responses have
been reported to occur in human giardiasis (4). However, little
is known about the mechanisms involved in this immune re-
sponse because most of our knowledge is based on the mouse
model of disease involving a rodent source of Giardia (G.
muris). Also, studies of the immunological aspects of the host-
parasite relationship with G. duodenalis types of organisms
were done in vitro with culture media developed for growing
lymphoid cells, not Giardia trophozoites (4, 62, 78). The cul-
ture of trophozoites under inappropriate conditions has also
made the parasite more vulnerable to immunological attack.
Because of this, the interpretation of many in vitro studies of
the effector mechanisms implicated in the immune response to
G. duodenalis trophozoites is problematic.

The lethal effect of human serum for G. duodenalis tropho-
zoites appears to be dependent on the presence of an intact
classical pathway of complement. Human sera containing
anti-G. duodenalis antibodies killed more than 98% of the
parasites in vitro (84). The killing effect of human sera was
abrogated when the sera were chelated with EDTA or heat
inactivated at 56°C for 30 min, conditions known to inactivate
complement. These results were confirmed in another study,
where sera, obtained from infected humans, containing anti-G.
duodenalis trophozoite antibodies of the IgM class and com-
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plement lysed the trophozoites (51); these authors concluded
that the activation of the classical pathway of complement
produced the lysis. Since Giardia trophozoites reside in the
lumen of the intestine, it is unlikely that the above mechanisms
play a role in controlling parasite numbers within the intestine.
However, lysis of trophozoites by specific antibodies in the
presence of complement may play a role in limiting the inva-
sion of tissues by trophozoites. The humoral arm of the im-
mune system has been reported to play a role in infected
patients. For example, the jejunal-plasma immune response to
Giardia involves a decrease in the number of IgA cells and an
increase in the number of IgM cells (104).

The functional importance of mucosal-associated lymphoid
tissue is indicated by its large population of antibody-produc-
ing plasma cells that are secreting primarily IgA antibodies.
However, cell-mediated immunity also plays an important role
at the mucosal sites. Lymphocytes are found in large numbers
in the lamina propria, in PP, and within the epithelial layer.
Many of these cells are T cells of different phenotypes. Since
Giardia antigens are T-cell-dependent antigens, the role played
by cell-mediated immunity at mucosal sites has been studied.
Due to the invasive techniques required for harvesting cells at
the mucosal sites, studies of cell-mediated immunity studies in
human giardiasis have been done with lymphocytes circulating
in the blood. Specific cellular immune responses to G. duode-
nalis antigens have been reported. A lymphocyte proliferative
response was obtained by stimulating human peripheral blood
leukocytes with antigens obtained from homologous or heter-
ologous isolates (76). As predicted, the higher stimulation in-
dices were obtained with the homologous parasite antigens.
Experiments designed to study the role played by human
mononuclear cells as effector mechanisms against Giardia have
produced contradictory results. Aggarwal and Nash (9) deter-
mined the cytotoxicity of mononuclear cells to Giardia by using
a thymidine assay and found that G. duodenalis trophozoites
died spontaneously without the presence of mononuclear cells
and, surprisingly, that the presence of mononuclear cells in-
creased the ability of the parasite to survive. On the other
hand, Hill and Pearson (87) reported the opposite results.
They found that incubation of Giardia cells with mononuclear
cells and the addition of 20% immune serum increased the
ingestion of parasites eightfold, indicating that opsonization
exists in giardiasis. Killing of trophozoites was attributed to the
oxidative microbicidal activity of phagocytes. Human neutro-
phils and monocytes are able to interfere with the in vitro
attachment of Giardia trophozoites to the sides of culture
tubes, demonstrating that the adherence mechanism of the
parasites may be a feasible target for immunological attack
(48). When trophozoites encyst, they lose their property to
attach to substrate (64). Since encystation coincides with the
immune system expulsion, one can speculate about whether
neutrophils and/or other effector mechanisms of the local im-
mune response play a role in the phenomenon of encystation.

MOUSE MODEL

The G. muris-mouse model of giardiasis, described by Rob-
erts-Thomson et al. (157) in the mid-1970s, has provided a
powerful tool to study the immune effector mechanisms that
occur during Giardia infection. The selection of the mouse
over other animal models for the study of immune mechanisms
in giardiasis has considerable advantages: (i) adult mice are
being infected with their natural parasites; (ii) a considerable
variety of reagents and technologies exists for the study of the
immune response in mice; and (iii) immunologically well-de-
fined inbred strains of mice are available. The mouse model of
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giardiasis has been useful for the understanding of not only the
immune mechanisms of giardiasis but also the immunological
phenomena at mucosal intestinal sites. The natural habitat of
G. muris trophozoites is the mouse small intestine, where it
resides in the lumen or attached to the epithelium. This pro-
tozoan lives extracellularly and, like G. duodenalis, does not
invade host cells or tissues.

Immune Response in Susceptible and Resistant Mice

The first evidence of the involvement of the immune system
in the elimination of Giardia in primary infection was reported
by Roberts-Thomson et al. (157), who showed that athymic
nude mice develop a prolonged Giardia infection. Reconstitu-
tion of these mice with lymphocytes restored a normal pattern
of elimination of the parasite at 7 weeks. Among many mouse
strains, some mice have been identified as being particularly
susceptible to Giardia infection, developing a prolonged elim-
ination phase or even persistent infection (27). For instance, in
contrast to the resistant B10.A and DBA/2 mice, the infection
in susceptible A/J and C3H/He mice is characterized by a short
latent period, a high cyst output during the acute phase of
infection, and a relatively long period of resolution of infec-
tion. The immunological basis for prolonged or chronic infec-
tion in susceptible mouse strains has not yet been elucidated. It
has been reported that susceptible C3H/He mice recognize
different antigen recognition patterns from resistant BALB/c
mice (60). For example, a crude trophozoite antigenic extract
bound to wheat germ agglutinin used to vaccinate BALB/c
mice failed to induce protection (60). On the other hand, no
differences were observed in the giardiacidal activity of spleen,
MLN, and peritoneal lymphoid cells from susceptible or resis-
tant mice (17) and no apparent relationships were found be-
tween this capacity to mount cell-mediated or humoral effector
immune responses and their ability to control the infection
(25). These observations highlight the complexity of the im-
munological aspect of the host-parasite relationship. Nonin-
fected and infected resistant mice have a greater capacity to
recruit cells into the peritoneal cavity after thioglycolate injec-
tion than do compared to susceptible mice (18, 165). The
quantitative differences observed in the inflammatory re-
sponses in resistant infected mice were related to functional
differences in phagocytosis and a greater capacity to respond to
chemotaxis in vitro (18). The involvement of immune system
mechanisms to explain prolonged infection became puzzling
when it was found that susceptible adult female C3H/He mice
could protect their suckling young and develop higher antibody
responses than resistant adult female BALB/c mice (182).
Moreover, following treatment with metronidazole to elimi-
nate the trophozoites from the intestine, susceptible C3H/He
mice became resistant to challenge infection (182). Recently,
Venkatesan et al. (184) reported no differences in the timing,
titer, or specificity of secretory or serum antibodies to G. muris
between susceptible and resistant strains of mice. However,
when serum IgG subclass responses were compared, the resis-
tant strain produced IgG2a while the susceptible strain pro-
duced IgG1. According to these authors, these results suggest
differential involvement of T-helper (Th) 1 and Th 2 subsets of
lymphocytes (184). When cells harvested from MLN were
stimulated with concanavalin A, gamma interferon (IFN-vy)
and interleukin-5 (IL-5) were secreted by cells from the resis-
tant strain but only IL-5 was secreted by cells from the suscep-
tible strain (184). The lack of secretion of IFN-y by MLN cells
from the susceptible strain is interesting because it may explain
why this intestinal parasite is particularly susceptible in these
mice. IFN-y is recognized as playing a role not only in the
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proliferation of B cells but also in the switch from one Ig to
another. Furthermore, if hypersensitivity reactions are playing
a role in the control of the infection at the gut level, the
nonsecretion of IFN-y by MLN cells would affect this mecha-
nism of defense.

Humoral Effector Mechanisms in Animals

The expulsion of G. muris from the small intestines of in-
fected mice is closely associated with the appearance of anti-G.
muris IgA antibody in intestinal secretions (169). Parasite-
specific IgA and IgG antibodies bind to G. muris trophozoites
colonizing the small intestine (83). The percentage of tropho-
zoites with adherent neutrophils increases in the presence of
anti-Giardia-specific IgG serum antibodies or immune mouse
milk or secretory IgA antibodies (99). Phagocytosis of tropho-
zoites by macrophages increases after incubation with immune
serum (17, 98, 99, 150) or immune mouse milk (99). On the
other hand, bone marrow-derived macrophages from C3H/
HeN mice pretreated with recombinant IFN-y ingest signifi-
cantly larger numbers of G. duodenalis trophozoites than do
untreated macrophages (23). The classical pathway of comple-
ment can be activated by immune complexes containing IgM or
IgG antibodies, and it appears that anti-Giardia-specific anti-
bodies of the IgM or IgG isotypes support the lytic effect of
complement on Giardia cells. Deguchi et al. (51) have reported
that G. duodenalis trophozoites sensitized with anti-Giardia
antibodies of the IgM class are lysed. Butscher and Faubert
(36) obtained similar results with G. muris trophozoites sensi-
tized to similar antibody isotypes. Moreover, an IgG1 MAb
was found to bind in vitro to the surface of trophozoites, fla-
gella, and flagellar insertions (36). This MAb was able to lyse
G. muris trophozoites in the presence of exogenous comple-
ment, and when administered directly into the duodenum of
mice, it significantly reduced the number of trophozoites dur-
ing the acute phase of the infection (24). The main target for
this MAb was a 35-kDa Triton-soluble glycoprotein located on
the surface membrane of the trophozoite (24, 36). Finally, the
role of complement in lysing Giardia cells was also demon-
strated with a MADb which recognized proteinaceous cyst anti-
gens and was able to abolish the formation of the cyst when
added to the culture medium together with a source of com-
plement (37). All these studies show that anti-Giardia antibod-
ies in the presence of an exogenous source of complement can
effectively lyse trophozoites and encysting cells in vitro. Unfor-
tunately, the complement proteins are absent in the lumen of
the intestine. The only source of complement near the intes-
tinal lumen would come from the few macrophages present in
the deep invagination of the M cells which are located in the
mucous membrane.

Although the role played by T and B lymphocytes in the
control of the infection is well documented, there is only one
study reported in the literature on the cytokines produced by
CD4" T cells in response to Giardia antigenic stimulation.
When Giardia trophozoite proteins were used to challenge PP
and spleen cells removed from infected mice, IL-4, IL-5, and
IFN-y were not detected in the culture supernatant (52). How-
ever, when the cells were challenged with concanavalin A, all
three cytokines were detected. The release of IL-4 and IL-5 by
the spleen and PP cells in the culture supernatant confirms the
role played by antibodies of the IgA isotype in the control of
giardiasis. Two conclusions can be drawn from these experi-
ments. First, it appears that Giardia proteins are poor immu-
nogens since they were not able to stimulate lymphoid cells
adequately for the production of lymphokines. A weak lym-
phocyte proliferation was observed when a G. muris crude
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extract from trophozoites was used to stimulate PP cells from
noninfected mice in vitro (86). Second, the relative success of
G. muris in completing its life cycle in a primary infection
might be due, in part, to poor stimulation of Thl and Th2
immune responses. The Thl-type immune response is virtually
absent in the primary infection. In vitro studies have shown the
central role played by macrophages and IFN-v in the killing of
trophozoites (23).

Usefulness of Specific Antibodies in Studies on Encystation

The process of encystation is a key step in the Giardia life
cycle that allows this intestinal protozoan to survive between
hosts during person-to-person, waterborne, or food-borne
transmission. To my knowledge, the existence of serum or local
antibodies at the gut level against cyst antigens in infected
patients has never been reported. The absence of antibodies
against novel molecules appearing on the surface membrane of
the encysting trophozoite is not surprising. Encystation is a
complex phenomenon occurring over a short period and is
probably not detected by the local immune system. In spite of
the apparent absence of antibodies against encysting molecules
in a natural infection, I believe that studying the immunoge-
nicity of the latter is important since they offer immunological
strategies for stopping, or at least decreasing, the spread of the
infection in the environment.

Our knowledge of the formation of the cyst structure was
limited until polyclonal antibodies and MAbs specific to cyst
molecules were developed and used in studies of cyst wall
formation. Using immunofluorescence and immunogold stain-
ing, Erlandsen et al. (57) studied the chronological events
taking place during encystment. The phenomenon begins with
the formation of an intracellular and extracellular phase, which
requires a minimum of 14 h. The extracellular phase is initiated
with the appearance of cyst wall antigens on small protusions
of the trophozoite membrane, which enlarge to form “caplike
structures” with progression to formation of the cyst wall. Cap-
like structures are detected over the entire surface of the tro-
phozoites, including the adherence disk and flagella (57, 59).
Late stages in encystment include a “tailed” cyst, in which
some of the flagella are not fully retracted into the cyst. After
encystation is completed, the cyst wall is composed of filamen-
tous and membranous portions and is separated from the cy-
toplasm of the trophozoite by the peritrophic space (Fig. 2
through 8). These observations confirm the findings of earlier
investigators (37, 64, 71, 118, 151, 192). Using monospecific
antibodies to a VSP antigen (TSA 417), which is a type 1
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integral membrane protein that covers the entire surface of the
trophozoite, and a MAb against a cyst wall protein (8C5),
McCaffery et al. (118) observed the transport of the epitopes
that bind to these two specific antibodies during encystation. In
preencysting cells, both proteins are localized on the nuclear-
envelope endoplasmic reticulum cisternae, and cytoplasmic
membrane cisternae, thereby reflecting their site of synthesis.
However, only epitope 8CS is localized on the encystation-
specific vesicles (ESV). The ESV are the equivalent of caplike
structures described by Erlandsen et al. (57). These large se-
cretory vesicles form only during encystation, and they trans-
port cyst antigens (Fig. 9) to the nascent wall (118). In contrast,
only TSA 417 was found on the outer surface of the plasma-
lemma of trophozoites, encysting cells, and underlying the
walls of many cysts (Fig. 9 and 10). As encystation progresses
(Fig. 10), TSA 417 disappears from the plasmalemma and its
level in the lysosome-like peripheral vesicles and other large
cytoplasmic vesicles is increased (118).

Preexposure of cysts to polyclonal rabbit antiserum against
purified cyst wall proteins or to wheat germ agglutinin inhibits
excystation by more than 90% (119). The investigators con-
cluded that the ligand binding cyst wall epitopes inhibit encys-
tation, most probably by interfering with the proteolysis of cyst
wall glycoproteins.

Cell-Mediated Effector Mechanisms in Animals

Many of the cellular events of the intestinal mucosal site in
response to parasite antigens are under the complex regulation
of T cells. Heyworth et al. (79) found that most of the cells
harvested from the intestinal lumen of mice infected with G.
muris were lymphocytes mixed with a small number of macro-
phages. When the cells were identified by immunofluorescent
staining, approximately 50% of the intraluminal leukocytes
were shown to be T lymphocytes. The kinetics of intraepithelial
lymphocyte (IEL) and lamina propria lymphocyte (LPL) re-
sponse during G. duodenalis infection in weanling mice have
been studied. An increase in the numbers of suppressor and
CD8" T cells in the IEL and LPL tissues was observed during
the latent period; the numbers peaked during the acute phase
and decreased during the elimination phase. In contrast, the
number of CD4"-T-cell subsets remains small during the first
two phases of the infection and increases significantly during
the elimination phase (189). Meanwhile, the number of IgA-
plasma cells in the lamina propria declined during the latent
and acute phases of infection and increased during the elimi-
nation phase (189). Investigators concluded that induction of

FIG. 2. Transmission electron micrograph of a G. muris cyst fixed in the presence of 1% bovine serum albumin. The cyst wall is composed of filamentous (c) and
membranous (arrowheads) portions and is separated from the cytoplasm of the trophozoite by the peritrophic space (ps). N, nucleus; f, flagellum. Original
magnification, X16,000. Bar, 0.5 pum. Reprinted from reference 59 with permission of the publisher.

FIG. 3. Transmission electron micrograph of the filamentous (c) Giardia cyst wall showing the course of individual filaments. The membranous portion of the cyst
wall (arrowheads) separates the filamentous portion from the underlying peritrophic space (ps). f, flagellum. Original magnification, X80,000. Bar, 0.1 um. Reprinted
from reference 59 with permission of the publisher.

FIG. 4. Thin section of G. muris cyst wall, comparable morphologically to that in Fig. 3 but immunostained with rabbit polyclonal antiserum (R-AGLMB) and goat
anti-rabbit IgG labeled with 15-nm colloidal gold. Specific staining with immunogold is detected over the filamentous (c) portion of the cyst wall, and no labeling is
seen on the membranous portion of the cyst wall (arrowheads) or in the peritrophic space (ps). f, flagellum. Original magnification, X80,000. Bar, 0.1 wm. Reprinted
from reference 59 with permission of the publisher.

FIG. 5. Low-voltage field emission SEM of a G. muris cyst taken at 1.5 kV, illustrating the filamentous nature of the cyst wall. Original magnification, X9,500. Bar,
1 wm. Reprinted from reference 59 with permission of the publisher.

FIG. 6. Higher magnification of the filamentous cyst wall of the G. muris cyst seen in Fig. 5. Individual filament populations, ranging from 7 to 20 nm, are easily
discerned and appear to form a tightly interwoven mesh. Original magnification, X39,500. Bar, 0.1 pm. Reprinted from reference 59 with permission of the publisher.

FIG. 7 and 8. SEI (Fig. 7) and BEI (Fig. 8) of the filamentous cyst wall of G. muris immunocytochemically labeled with rabbit antiserum to the Giardia cyst wall
(R-AGLMB) and goat anti-rabbit IgG coupled to 15-nm colloidal gold. A comparison of the SEI and BEI taken at 10 kV by FESEM reveals the one-to-one
correspondence (open arrows) between the 15-nm immunogold complexes associated with the filamentous cyst wall as seen by surface topography (Fig. 7) or by
atomic-number contrast (Fig. 8). In some instances, 15-nm immunogold particles were not obvious with SEI (small solid arrow) but were easily detected by BEI, as
(Fig. 8). Other particles detected by SEI (arrowheads) were shown not to be immunogold by BEI. Original magnification, X80,000. Bar, 0.05 pm. Reprinted from
reference 59 with permission of the publisher.



FIG. 9. (A to C) Ultrathin cryosections of 15-h encysting cells, doubly immunolabeled with 8C5 (5-nm Au) and TSA 417 (10-nm Au). (A) 8C5 is localized to large
encystation specific vesicles (esv), membrane cisternae (c), nuclear envelope, and peripheral vacuoles (pv) and is absent from the cell surface. TSA 417 is found in
cisternae, peripheral vacuoles, and cell membrane (cm). The displacement of the ESV from the perinuclear cisternae is probably due to a sectioning artifact. (B and
C) At 15 h, TSA 417 still dominates the cell surface and is also present in the peripheral vacuoles and cisternae. 8C5 is concentrated in the ESV, peripheral vacuoles,
and cisternae and is just beginning to appear on the cell surface (arrowheads). Note that the external flagellum (f) cell is covered with membrane and TSA 417. Bars,
0.1 um. Reprinted from reference 118 with permission of the publisher.
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CD4™" T cells during the elimination phase concomitant with
an increase in the number of lamina propria IgA-plasma cells
results in the elimination of the parasite from the gut. Villus
atrophy and crypt hyperplasia were observed in the duodenum
of gerbils infected with G. duodenalis trophozoites (22) and
mice infected with G. muris (30). Crypt mitotic rates have been
reported to double during the acute phase of Giardia infections
in mice (115). It has been hypothesized that T lymphocytes
directly or indirectly control the cycling time of crypt stem cells
as well as the factors that orchestrate their differentiation along
different lines (14). Again, these observations reinforce the
role of cell-mediated immunity in the immune response in
gerbils.

PP T- and B-cell subset populations have been studied in
susceptible BALB/c mice infected with G. muris. In this pe-
ripheral lymphoid organ, the number of leukocytes doubled
during the course of the infection but returned to control levels
as the infection was eliminated from the intestine (40). The
CD4" and T-suppressor subsets represent 34.1 and 6.2%, re-
spectively, of the total population in PP in noninfected mice;
these percentages did not change after the infection with G.
muris. On the other hand, the number of PP secretory IgM
(sIgM) B cells increases rapidly in infected BALB/c mice to
reach a maximum at the end of the latent period, whereas the
number of sIgA B cells increases later to reach a maximum
during the acute phase (41). The switching from the IgM to the
IgA isotype confirms the importance of the Th2 subset and
mast cells in the self-cure phenomenon. Both types of cells are
recognized to secrete IL-5, which promotes the switching to
the IgA isotype.

The role played by macrophages in the immune response to
Giardia is well documented. In the mouse model of the disease,
invading G. muris trophozoites were found in the epithelium
near dying or desquamating columnar cells (146). Macro-
phages beneath the basal lamina extended pseudopods into the
epithelium, trapping invading G. muris trophozoites and en-
closing them in phagolysosomes. Macrophages containing di-
gested trophozoites were surrounded by rosettes of lympho-
blasts in the epithelium (146). On the other hand, in nude mice
there was apparent hyperplasia of macrophages, which filled
the follicle domes and resulted in more frequent entrapment of
G. muris, but no contact occurred between the macrophages
and lymphoblasts in the epithelium (146). Murine mononu-
clear cells isolated from collagenase-treated PP by adherence
to glass ingested a significantly larger number of G. duodenalis
trophozoites when incubated with immune mouse serum than
nonstimulated cells did (85). Similar results were obtained by
Belosevic and Faubert (17), who reported that macrophages
isolated from the peritoneal cavities of susceptible A/J or re-
sistant B10.A mice ingested a significantly larger number of G.
muris trophozoites when incubated with immune mouse se-
rum. Interestingly, no differences were found in the capacity of
A/J and B10.A mice to mount a cell-mediated immune re-
sponse, but their efficacy in eliminating the infection was dif-
ferent (17). It appears that the association of Giardia with
macrophages elicits mainly an oxidative response (85). The
capacity of mice infected with Giardia to mount an inflamma-
tory response was studied in vitro and in vivo. The B10.A mice
exhibited a greater capacity to recruit cells into the peritoneal
cavity than did the A/J mice (18). The recruitment of inflam-
matory cells by both strains of mice was higher during the acute
and elimination phases of infection. In vitro, the macrophages
from the B10.A mice were more phagocytically active and were
more chemotactically responsive than those of A/J mice during
the acute and elimination phases of the infection (18). The role
that macrophages play in acquired immunity has not been
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determined with unanimity. The trophozoites inhabit the lu-
men of the intestine, and the macrophages located in the
pocket of the M cells are not recognized to migrate into the
lumen of the intestine. Nevertheless, studies done in vitro have
shown the killing capacity of these cells. In vivo they could play
a dual role: first, a role as a guardian in case the trophozoites
invade the mucosa, and second, an indirect role by secreting
IL-5.

Acquired Resistance in Animals

In the mouse model, acquired resistance was observed when
CF-1 Swiss mice were partially protected against challenge
with 1,000 G. muris cysts 6, 12, and 18 weeks after the primary
infection (158). Similar results were reported by Brett and Cox
(30) with CBA mice. Underdown et al. (182) showed that
BALB/c and C3H/He mice, drug cured at 5 and 10 weeks after
primary infection, were completely protected against a chal-
lenge of 1,000 cysts. Belosevic and Faubert (26) did a temporal
study of acquired resistance in CD-1 and inbred mice infected
with G. muris. In the first set of experiments, these investiga-
tors terminated the first infection by treating the infected mice
with metronidazole on day 3, 6, 12, 24, or 48. In the second set
of experiments, the first infection was allowed to last 30, 60, 90,
120, or 150 days. In each case, the mice were challenged 10
days later with 1,000 cysts. In all cases, a significant reduction
in both cyst and trophozoite numbers in the small intestine was
obtained. The acquired resistance in inbred strains was similar
to that in the outbred Swiss mice. These results show that mice
can acquire significant resistance to G. muris even after a 3-day
period of contact with the parasite and that the resistance may
last up to 150 days.

Like many humans, most gerbils infected with G. duodenalis
cysts or trophozoites undergo the self-cure phenomenon. Usu-
ally, no cysts can be detected in the feces after 40 days postin-
fection. The absence of cysts in stool after this period does not
necessarily means that the trophozoites have been eliminated
from the small intestine. It is possible that the trophozoites are
present in small numbers; therefore, the number of cells en-
cysting will also be small, not allowing their detection even
after concentration procedures have been used to increase the
sensitivity of detection by routine diagnostic methods. If this is
the case, the self-cure phenomenon in giardiasis may not rep-
resent a state of sterile immunity in the infected host. The
hypothesis of nonsterile immunity in giardiasis has been tested
in the laboratory. Gerbils were treated with hydrocortisone
acetate on day 50 or 70 or at 7 months postinfection. A recru-
descence of the infection as evidenced by passage of cysts in
stool was observed in the treated gerbils (109). These results
confirm the hypothesis. The injection of hydrocortisone pro-
voked an immunosuppression in the gerbils, as evidenced by a
significantly reduced number of plaque-forming cells in re-
sponse to sheep erythrocytes (SRBC) (109). The opportunistic
Giardia took advantage of the weakness of the immune system
of its host and began to multiply again.

Immunity acquired by animals experimentally infected in the
laboratory and challenged with the same isolate appears to be
of long duration. Mongolian gerbils infected with 1,000 G.
duodenalis trophozoites of the WB strain were protected
against reinfection for up to 8 months after primary infection
(20, 26, 109). To date, there is no report in the literature on the
level of resistance of humans to a secondary infection with
Giardia. Nevertheless, protective immunity is suggested by the
self-limiting nature of most infections and by the lower prev-
alence of giardiasis in adults in areas where the disease is
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endemic compared with symptomatic infections in travelers to
the same areas, who are newly exposed (13).

Passive Transfer of Immunity

Transfer of immune serum containing IgG and IgA antibod-
ies against G. muris from BALB/c mice to syngeneic recipients
prior to inoculation with cysts of G. muris does not confer
protection against infection in the recipient mice. Underdown
et al. (182) and Erlich et al. (60) reported failure to transfer
resistance to G. muris following repeated injections of a rela-
tively large volume of immune serum (1.5 ml/mouse/week). On
the other hand, antibodies directed against G. muris tropho-
zoites have been used as therapeutic agents during ongoing
infections in mice. When the MADb was administered directly
into the duodenum of the infected mice, the number of tro-
phozoites in the small intestine was reduced during the late-
latent and acute phases of the infection (24, 36). In vitro the
activity of the IgG1 MADb was directed against the flagella and
the surface membrane of the trophozoite. The transfer of
spleen cells from inbred NMRI mice infected with G. duode-
nalis to syngeneic recipients prior to infection resulted in a
significant decrease in both the numbers of cysts released and
the numbers of trophozoites in the small intestine (190).

Immunosuppression in Infected Mice

Protozoan and metazoan parasites have the ability to de-
press the immune response of their host to heterologous anti-
gens (49, 63, 179). Giardia trophozoites have been associated
with immunodepression in response to heterologous antigens.
Brett (31) was the first investigator to report that G. muris
infection in mice is accompanied by a depression in the ability
of the mice to mount an immune response to the thymus-
dependent antigen of SRBC but not to the thymus-indepen-
dent antigen trinitrophenyl lipopolysaccharide. The number of
IgM and IgG plaque-forming cells and the hemagglutination
titer of both IgM and IgG decreased during the acute phase of
the infection. Interestingly, peritoneal exudate macrophages
from infected mice were slightly less cytostatic against tumor
cells at the time of the elimination phase (19, 31). Belosevic et
al. (16) reported that spleen and MLN cells isolated from mice
during the acute phase of the infection were less responsive to
SRBC. The immunodepression was detected earlier and was
more pronounced in MLN cell cultures than in spleen cell
cultures. The suppressor activity was localized in the popula-
tion of cells adhering to plastic. When the kinetics of anti-
SRBC response in G. muris-infected A/J and B10.A mice were
studied, differences in the response were observed. The A/J
mice were significantly less responsive to SRBC antigens than
were the B10.A mice, and the differences were not due to
suppressor T-cell activity, since both strains had a similar abil-
ity to generate this T-cell subset (16). Administration of a
soluble extract of G. muris trophozoites to uninfected mice also
resulted in a depressed response to SRBC in both strains of
mice. The authors hypothesized that since G. muris causes a
gastrointestinal infection, the lower capacity of the MLN cells
to respond to SRBC may serve as an explanation for the
survival of the trophozoites in the primary infection (16).
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Moreover, the fact that the suppressor activity was found
among the macrophage population may be indicative of the
role played by macrophages in the control of the primary
infection.

IMMUNOCOMPROMISED HOSTS

Humans

There are few reports in the literature regarding giardiasis in
immunocompromised hosts. Studies have shown that the prev-
alence of Giardia cysts in the stools of hypogammaglobuline-
mic patients is significantly higher than that in immunocom-
petent hosts (12, 32, 107, 164, 195). Ament and Rubin (12)
found that approximately 90% of the hypogammaglobulinemic
patients passing Giardia cysts were symptomatic (with chronic
diarrhea). Perlmutter et al. (148) have reported that when
giardiasis is present in hypogammaglobulinemic children, it is
always symptomatic. Symptomatic giardiasis has been observed
in X-linked infantile congenital hypogammaglobulinemia
(Bruton’s syndrome) and also in the common variable (late-
onset) acquired hypogammaglobulinemia (28). In the former
congenital defect, the syndrome represents a pure B-cell defi-
ciency characterized by low levels of all Igs and normal T-cell
function, whereas in acquired hypogammaglobulinemia, only
the IgG and IgA levels are decreased but a T-cell dysfunction
may also occur. It is also important to underline that some of
these hypogammaglobulinemic patients also have severe IgM
deficiency (195). No significant differences were reported be-
tween the two types of hypogammaglobulinemia. These obser-
vations in immunocompromised patients confirm that the de-
velopment of symptomatic giardiasis cannot be associated with
a particular arm of the immune system. In fact, there are
contradictory observations about the possible association of
depressed secretory IgA and Giardia infection. Zinneman and
Kaplan (205) reported that hypogammaglobulinemic patients
with giardiasis had a decreased number of secretory IgA anti-
Giardia-specific antibodies and that their infection was mild. In
malnourished patients, an enhancement of giardiasis was re-
ported (42). Serum antibody response in malnutrition is often
normal, but the level of secretory IgA antibody on mucosal
surfaces is reduced (42). Since it has been demonstrated that
secretory IgA plays a role in immunity to the infection, this
may affect the elimination of the parasite from the gut. On the
other hand, Jones and Brown (95) failed to find any differences
in secretory or serum-specific IgA antibody levels between
hypogammaglobulinemic patients with giardiasis and a control
group. Children with a severe T-cell deficiency due to thymic
aplasia (Di George syndrome) or purine nucleoside phosphor-
ylase deficiency are not more susceptible to giardiasis, and
their morbidity is comparable to that in immunocompetent
children (195). AIDS patients with a low CD4"-T-cell count do
not have persistent or severe diarrheal episodes (93). These
results are surprising, since in the mouse model of the disease,
the CD4™ T cells and other T-cell subsets play a role in the
elimination of the parasite from the small intestine (159, 175,
189). Using an enzyme-linked immunosorbent assay to detect
IgM, IgG, and IgA specific to G. duodenalis trophozoites,
Janoff et al. (92) tested sera obtained from 29 patients with

FIG. 10. Ultrathin cryosections of 24-, 48-, and 66-h cysts, doubly labeled for 8C5 (5-nm Au) and TSA 417 (10-nm Au). (A) In many 24-h encysting cells, 8C5 is
localized to the cyst wall (cw), which has been deposited over the cell membrane (cm), which is decorated with TSA 417. 8C5 and TSA are both found in peripheral
vacuoles (pv). The amount of TSA 417 on the cell membrane seems somewhat reduced. (B) In 48-h cysts, the cyst wall (cw) containing 8C5 has markedly increased
in thickness and TSA 417 is completely absent from the cell membrane (cm). Note the small transport vesicles (small arrows). (C and D) In 66-h water-resistant cysts,
TSA 417 is localized exclusively to the peripheral vacuoles and large internal vesicles and vacuoles, resembling the endosomal and prelysosomal compartments of higher
eukaryotes. 8CS5 is also present in many of these vesicles. Bars, 0.1 wm. Reprinted from reference 118 with permission of the publisher.
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TABLE 1. Sensitivity of immunoassays used for the detection of specific antibodies to Giardia proteins in serum and
human milk and for the detection of antigens of Giardia in feces

Antibody or Antigen or

No. of positive tests®/total no. of samples (% positive)

antigen® and assay antiserum” IgM antibody  IgG antibody

Reference(s)

IgA antibody Ig¢ antibody Feces antigen

Serum antibodies

ELISA Trophozoite extract ~ 75/128 (59) 92/128 (71)
Trophozoite cells 48/59 (81)
TFAY Trophozoite cells 240/352 (68)
Cyst cells 32/36 (89) 32/36 (89)
Western blot Trophozoite extract  47/60 (78) 57/60 (95)
31-kDa protein
57-kDa protein 10/10 (100) 10/10 (100)
Immunodiffusion Cyst extract
Milk antibodies
ELISA Trophozoite extract
Western-blot Trophozoite extract 4/4 (100) 4/4 (100)

Feces antigen

ELISA GSA-65

ELISA 66-kDa protein
ELISA Trophozoite extract
CIE® GSA-65

86/110 (78)  15/43 (35) 15, 89, 90, 91, 117, 136
168
240/352 (68)  147/186 (79) 1, 112, 176, 191, 198
32/36 (89)  150/150 (100) 96, 156
39/60 (65) 15, 153
13/13 (100) 178
9/10 (90) 43
11/11 (100) 186
38/61 (62) 140
4/4 (100) 153

759/779 (97) 5, 15, 94, 117, 163
77/94(82) 53,185, 187
239/251 (95) 72, 139
36/40 (90) 162

“ The first is for the antibody detection, and the second is for the antigen detection.
® The number of tests positive is given with respect to the total number of specimens tested which were obtained from studies of persons with proven cases of

giardiasis.
¢ Whole serum Ig.
¢ Immunofluorescence assay.
¢ Counterimmunoelectrophoresis.

AIDS. The patients (15 of 29) who had acute symptomatic
giardiasis had significantly lower levels of specific anti-Giardia
antibodies of all isotypes in serum than did subjects who also
had giardiasis but did not suffer from AIDS. These results
show that despite a suppressed immune system, the immune
response to Giardia in AIDS patients does not seem to be very
different from that in healthy individuals. Because the therapy
available for giardiasis is independent of the patient’s immune
status, patients with AIDS do not have to suffer from pro-
longed symptomatic G. duodenalis infection (92). It is probably
for this reason that giardiasis is not listed among the opportu-
nistic parasitic infections affecting AIDS patients (100).

Usually, clinical studies are required to establish if recrudes-
cence of preexisting opportunistic infections is an important
cause of morbidity when immunosuppressive therapy is given
to patients in areas where the infection is endemic. To date,
there are no reports in the literature on the effects of drugs
such as corticosteroids, cyclosporin A, and other immunosup-
pressive agents of cell-mediated immunity on the outcome of
Giardia infections in humans.

Animals

Stevens et al. (175) have shown for the first time the impor-
tance of thymus-dependent lymphocytes in the clearance of
primary infections and in subsequent reinfection with G. muris.
Hypothymic (nude) mice failed to eliminate the infection from
the intestine, and a chronic state of the disease appeared.
Unlike most strains of mice, which acquire resistance to rein-
fection (26, 40, 106, 107, 157), nude mice are not resistant to
challenge infection with G. muris (175). The reconstitution of

nude mice with thymus, MLN, or spleen cells from heterozy-
gous thymus-intact controls results in rapid resolution of the
infection (159). The total number of leukocytes, CD4" and
CD8™ T cells, and macrophages present in the intestinal lumen
of Giardia-infected immunocompetent mice and nude mice
was compared. Although the total number of leukocytes har-
vested was similar in the two strains of mice, the number of
CD4" T cells was smaller in nude mice (80). According to
Carlson et al. (39), the impaired capacity of nude mice to clear
the infection results from a deficiency of CD4™" T cells. In
contrast, no differences were observed between the numbers of
luminal CD8" T cells and macrophages (80). The authors also
found a much smaller number of CD4™ T cells in PP of nude
mice than of immunocompetent mice. BALB/c mice depleted
of CD4" T cells do not eliminate trophozoites from the gut,
whereas those depleted of CD8" T cells are able to clear the
infection normally (82). Therefore, the role played by the
CD4"-T-cell population in the elimination of the infection in
the mouse model is different from the role played by the
CD4 " -T-cell population in humans.

Natural killer (NK) cells are present in the mouse intestinal
mucosa, but the role they play in the clearance of the infection
is unknown (177). Beige mice, which are deficient in NK cells,
are able to clear G. muris infection at similar rates to those
found for immunocompetent C57BL/6J mice (81). Mice with a
G. muris infection and treated with corticosteroids (131) or
cyclosporin A (21) have increased numbers of cysts released in
feces compared with nontreated mice. Similar results were
obtained with gerbils treated with corticosteroids and infected
with G. duodenalis (109). In contrast to what occurs in human
infections, the importance of cell-mediated immunity in the
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control of giardiasis in the animal models is well established
4).

The role of antibodies in immunity to G. muris has been
investigated with immunocompromised mice. CBA/N mice ex-
pressing the xid gene have a deficient B-lymphocyte function
(142). Infection of CBA/N mice with G. muris cysts leads to a
prolongation of the infection compared to the duration in
normal BALB/c mice (170). Interestingly, the CBA/N mice
produced high levels of IgA anti-G. muris antibodies in serum
and gut secretions, while the anti-Giardia IgG antibodies in the
serum were at a low level. The authors assumed that mice
bearing the xid gene fail to produce IgA antibodies of appro-
priate specificity to Giardia antigens, whose recognition by
specific antibodies is critical for successful elimination of the
trophozoites (170). The treatment of mice from birth with
rabbit anti-IgM sera results in IgM, IgA, and IgG deficiencies
in the serum and gut secretions (74, 171). The effects of this
treatment on the primary infection with G. muris were studied
in BALB/c and (C57BL/6 X C3H/He) F, mice. The treated
mice showed no specific anti-G. muris antibodies in the serum
or gut washings, and the infections became chronic, with a high
load of trophozoites present in the intestine and a prolonged
cyst excretion (171). These results show the importance of B
cells in the elimination of the parasite from the intestine; they
also indicate that the nonspecific elimination of IgM antibodies
at birth has a profound effect on the outcome of giardiasis in
mice.

The treatment of weanling mice with cortisone prior to in-
fection with G. duodenalis results in a reduction in the numbers
of CD4"* T cells and IgA-producing cells in the intestine. In
spite of this immunosuppressive therapy, which should have
increased the trophozoite load in the intestine, a significant
reduction in the number of trophozoites was obtained (102).
The authors concluded that control of the infection in the
absence of CD4" T cells and IgA antibodies was due to an
unaltered IgM antibody response (102). The decrease in the
villus-to-crypt ratio, together with the decrease in disacchari-
dase activity usually observed during the acute phase of giar-
diasis, is more severe in cortisone-treated mice (22, 102). It
appears that in the animal model of the disease, immunode-
pression leads to a more severe infection.

IMMUNODIAGNOSIS

The immunodiagnosis of giardiasis has received much atten-
tion in the recent past. Knowledge about Giardia antigens and
the need for improved diagnostic tests are two factors that
have contributed to the increased number of publications in
this area (62). A variety of assays have been used for the
serodiagnosis of giardiasis. In Table 1, the results obtained by
different laboratories with a variety of serological assays for the
detection of Giardia antibodies in serum of proven cases are
summarized. Proven cases of giardiasis were defined as fol-
lows: “patients passing cysts in their feces and/or presenting
with one or more of the clinical symptoms of giardiasis” (15).

Sensitivity of Serological Assays

When crude extracts of trophozoites are processed for an-
tigen usage in an ELISA, the sensitivity varies with the Ig
isotype used as the second antibody. For example, when the
IgM isotype was used as the second antibody, 59% of the sera
from persons with proven cases tested positive, compared to
only 35% when the whole Ig was used (Table 1). The ELISA
has a comparable sensitivity when IgA or IgG is used as the
second antibody. The use of intact trophozoites as the antigen
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increases the sensitivity of the IgG ELISA slightly. The sensi-
tivity of the immunofluorescence assay (IFA) in the detection
of anti-Giardia antibodies in the sera of persons with proven
infection is comparable to that of the ELISA. However, the
sensitivities of the two essays are different depending of the
type of antigen used, since the sensitivity of the IFA increases
when cysts are used as the antigen (Table 1). Of note, the IFA
and ELISA were able to detect antibodies of the IgA and IgG
isotypes at a similar level in the serum. Since Giardia tropho-
zoites stimulate the production of antibodies of the IgA isotype
mainly at the gut level and do not invade the tissues, one would
not expect to detect anti-Giardia-specific antibodies of the IgA
isotype in the serum at the same level as the IgG isotype.

The sensitivity of the Western blot assay is difficult to eval-
uate since it has been used by only a few laboratories and has
been performed only on a limited number of sera from persons
with proven cases. However, the sensitivity of the assay in-
creases when purified Giardia proteins are used as antigens.
Considering the variety of antigens stimulating the immune
system of an infected patient, it is surprising that the assay is
unable to detect antibodies in all the samples from the patients
with proven cases of giardiasis. Identification of a common and
immunodominant antigen for serodiagnostic purposes has not
met with success. Studies have identified several strongly reac-
tive antigens whose molecular masses vary immensely. For
example, a major 31-kDa protein was detected in the sera of
only 11 of 16 patients passing cysts in their feces, but other
major bands, with molecular masses ranging from 28 to 56
kDa, were also detected in the 16 sera (178). Saliva samples
taken from giardiasis patients showed 24 antigen bands with
molecular masses varying between 14 and 170 kDa (161). Only
one study reported 100% sensitivity of the ELISA, IFA, or
Western blot technique in detecting specific antibodies in per-
sons with proven cases of giardiasis (172). The investigators
reported a significantly higher titer of circulating antibodies in
symptomatic patients than in asymptomatic patients; these re-
sults confirmed the results of an earlier study (176).

The level of circulating anti-G. duodenalis-specific IgG, IgM,
and IgA antibodies has been compared among infected per-
sons living in Denver, Colo., and Soongnern, Thailand (91).
Antibody levels detected by ELISA increased significantly dur-
ing childhood in both geographic areas. The Giardia-specific
IgA antibody levels remained elevated throughout life among
adults from Thailand but decreased among adults in Denver.
On the other hand, after adolescence, Giardia-specific IgM
antibodies fell steadily with increasing age in both populations.
Based on these findings, the authors concluded that the levels
of G. duodenalis-specific IgM in adults may be useful to dif-
ferentiate between recent and past infection (91).

By determining the levels of systemic and local antibodies to
G. duodenalis in different populations, widely different immune
responses in infected patients were recognized (123). Several
blood and milk samples were collected simultaneously from
lactating women in Texas and Mexico. Specific IgG antibodies
to G. duodenalis were present in 77% of 153 serum samples
from 27 Mexican mothers but in only 24% of 214 serum sam-
ples from Texan mothers. Secretory IgA antibodies were de-
tected in 79% of milk samples from the Mexican population
but in only 15% of milk samples from the Texan population
(123). These results highlight the difference in the immune
response to Giardia between infected patients in areas of en-
demic infection and other areas.

The outcome of a Giardia infection and humoral antibody
response in humans may also vary depending on the isolate. To
illustrate, enteral inoculation of healthy volunteers with 50,000
trophozoites of two distinct Giardia isolates having distinct
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DNA restriction endonuclease patterns, surface antigens, and
ES products resulted in a variety of outcomes (136). One
isolate (GS/M) was obtained from a scientist from the National
Institutes of Health who had typical symptoms of giardiasis.
The second isolate (Isr) was obtained from a child from Be-
thesda, Md., who also had typical symptoms of giardiasis. The
Isr isolate failed to produce an infection in healthy volunteers,
while those inoculated with the GS/M isolate developed a
variety of symptoms. The IgM, IgG, and IgA levels in serum
and IgA levels in intestinal fluid were found in 100, 70, 60, and
50%, respectively, of the individuals infected with the GS/M
isolate (136). No antibodies were detected in healthy individ-
uals infected with the Isr isolate. This study not only shows
variations in pathogenicity of Giardia strains in humans but
also illustrates the variations in the immune response to Giar-
dia protein stimulation.

The variation in the results obtained in the serological sur-
vey done in the field (123) with respect to the experimental
infection of healthy individuals (136) and other studies (Table
1) demonstrates the poor sensitivity of serological assays pres-
ently available for the diagnosis of giardiasis. Therefore, the
usefulness of serological assays for the diagnosis of human
giardiasis is debatable. There are several reasons to explain the
poor sensitivity of serological assays. (i) Geographical isolates
have been identified, and they may have their own antigenic
identity (89). (ii) Infection may develop into a chronic state in
which the parasite may interfere with the immune system,
leading to immunodepression, and this may affect the level of
antibodies produced. (iii) Antigenic variation may also inter-
fere with the production of antibodies. (iv) Many human cases
of giardiasis never reach the acute stage of the infection (i.e.,
the period of severe diarrhea), and the type of immune re-
sponse stimulated in these patients is unknown. Except for the
different levels of antibodies detected, serodiagnostic assays
failed to show differences in serum antibody responses be-
tween symptomatic and asymptomatic patients. Since Giardia
trophozoites rarely invade the tissues, the systemic immune
response is practically never stimulated, and searching for an-
tibodies to Giardia in the serum remains an unreliable exercise.
Although many commercial kits are available for detecting
anti-Giardia antibodies in infected patients, it is unfortunate
that no investigators have reported their efficacy in the litera-
ture.

Detection of Antigens in Feces

Giardiasis is usually diagnosed by the microscopic examina-
tion of stool samples for the identification of cysts (“gold stan-
dard” method). The sensitivity of this method is rather low
because cysts are excreted intermittently or, in some cases,
released in numbers too small to be detected (62). Therefore,
a minimum of three specimens taken on three consecutive days
are usually examined to obtain an acceptable sensitivity. The
availability of an immunodiagnostic assay which can detect
small amounts of antigens in feces would have the potential to
improve the diagnosis in many ways. For example, it would be
more indicative of an active giardial infection and would there-
fore represent a more meaningful clinical finding than the
detection of antibodies in the serum. In contrast to the com-
mercial kits available for the detection of antibodies in the
serum, the sensitivity of ELISA for the detection of antigens in
the stools has been evaluated by several laboratories (Table 1).
The ELISA-GSA 65 detects a G. duodenalis-specific antigen
(GSA) that is excreted in the stool. GSA has been identified in
trophozoites and cysts and has an approximate molecular mass
of 65 kDa (162). The ELISA-GSA 65 is available commercially
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as a kit, and its sensitivity and specificity are comparable to
those of microscopic examination for cysts in the stool (62,
163). In fact, all studies with the ELISA-GSA 65 have reported
a greater sensitivity of the immunodiagnosis assay over the
microscopic examination of a single specimen (Table 1). The
sensitivity of the assay varies between 95 and 100%, and 100%
specificity has been reported when it was used with stools from
patients infected with other intestinal parasites (15, 162). It has
been reported that the ELISA-GSA 65 can detect Giardia
infection in at least 30% more cases than the microscopic
examination (163). In a recent epidemiological study of the
prevalence of G. duodenalis infection in 328 patients admitted
to the University Hospital of the West Indies for various ill-
nesses, the commercial rapid enzyme assay for detecting anti-
gens in a single stool specimen was compared to the formalin-
ether concentration method for the detection of cysts in stool
(111). The formalin-ether concentration method detected 6
cases of giardiasis, whereas the assay for detecting antigens in
stool detected these 6 cases plus an additional 11 cases. These
results clearly demonstrate the superior sensitivity of the rapid
enzyme assay in detecting cases of giardiasis in epidemiological
studies when a single specimen is analyzed. In contrast to all
the serological assays used for the detection of antibodies
against Giardia proteins, the ELISA-GSA65 for the detection
of antigens in feces has demonstrated a remarkable sensitivity
and specificity of 98 and 100%, respectively (15).

VACCINE

There are few studies on the induction of active immunity
against G. duodenalis. Subcutaneous immunization of 3-week-
old mice with a 56-kDa protein followed by oral immunization
resulted in a lower load of trophozoites in the small intestine
when the animals were challenged with 107 trophozoites 7 days
after the last immunization (188). The immunization provoked
an increase in the number of circulating CD4" T cells for a
short period, but they were back to normal levels by day 30
postimmunization. Furthermore, a significant elevation in the
numbers of IgA- and IgG-containing plasma cells was observed
in the lamina propria and jejunum of the immunized mice
(188). The subcutaneous vaccination of 6-week-old kittens with
a crude extract of trophozoites of G. duodenalis resulted in a
smaller number of cysts excreted in the feces when the animals
were challenged intraduodenally with 10° trophozoites 14 days
after the last immunization (144). The vaccination provoked an
increase in the number of serum anti-Giardia 1gG and IgA
antibodies. The mucosal anti-Giardia IgA antibody titer in the
vaccinated kittens was also increased. The experiment was
repeated by vaccinating 6-week-old puppies, and the results
were similar to those obtained with the kittens (143). The
efficacy of these vaccination attempts was rather poor, since all
of these attempts were unsuccessful in fully protecting the
animals against infection in spite of the short period between
the last dose of vaccine and the challenge with the live parasite.

CONCLUSIONS

The following conclusions can be drawn. The immune re-
sponse plays a role in the pathology at the intestinal mucosal
site. A minimum of 20 polypeptides ranging from 14 to 125
kDa have been identified from crude extracts of trophozoites.
Laboratories have reported that the 82-kDa polypeptide is a
major trophozoite surface antigen. Isolates from different geo-
graphic areas have antigenic similarities. Cyst antigens de-
tected in human feces have molecular masses varying between
21 and 49 kDa. HSP, lectins, giardins, tubulin, and chitin are
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other molecules of Giardia cells. Antigenic variation occurs in
giardiasis and has been observed in vivo and in vitro. The
variant surface antigens of G. duodenalis have been localized
on the surface membrane of trophozoites; the majority of
VSPs identified have an abundance of cysteine residues. Innate
immunity plays a role in control of the infection. In acquired
immunity, both arms of the immune system play a role in
control of the infection. The IgM, IgA, and IgG-specific anti-
bodies play a major role, as do the T-cell subsets, the macro-
phages, and the neutrophils. Accessory components of the
immune system, like complement, play a role. Very few studies
have been done on the role of cytokines. Acquired resistance
to giardiasis has been well documented in animal models only.
Giardia can depress the immune system of its host. In humans,
the infection is more severe in hypogammaglobulinemic pa-
tients. However, patients with other infectious agents that can
depress the immune system (e.g., AIDS) do not have a more
severe infection. For several reasons, the sensitivity of serolog-
ical assays in detecting Giardia antibodies is low, even when the
assays are used to detect antibodies in the sera of persons with
proven cases. Several laboratories have reported excellent sen-
sitivity and specificity of the ELISA-GSA 65 for the detection
of G. duodenalis antigens in the stools of infected patients.
Attempts to vaccinate against giardiasis have not met with
success.
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