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IMMUNE RESPONSE TO CRYPTOSPORIDIOSIS IN

PHILIPPINE CHILDREN

MARC A. LAXER. ALBERTO K. ALCANTARA. MARIVYL JAVATO-LAXER.
DANILO M. MENORCA, MARCELINO T. FERNANDO. AND CATHERINE P. RANOA
U.S. Nava .edical Research Unit No. 2...IPO San Francisco. (alfibrnta: and San Lazaro

Hospital. /ant/a, Phiippines

Abstract. An ELISA was used to measure the Criptosporidium-specific IgA, IgG. and
1gM antibody levels in serum, stool, and duodenal fluid of 15 Filipino children. Antibody
levels were measured on admission to the hospital. I week later, and at a 6 week follow-
up examination. Delayed type hypersensitivity skin tests were used to assay cell mediated
immunity (CMI). iron status was measured by serum iron tests and total iron binding
capacity, and the degree of malnutrition was determined by clinical examination. Antibody
response to Cryptosporidium was qualitative!), and quantitatively strong and maintained
over time. All qubiects showed impaired CMI early with some reconstitution after 6 weeks.
All subjects showed some degree of malnutrition and/or depleted iron status.

('rvptosporidium ssp. is generally accepted as considcred for enrollment in the study. Although
a pathogen of the digestive tract in humans and there were several cases of infection with mul-
In animals.' Although there is a considerable body tiple enteric pathogens, the subjects selected for
of literature covering the biology and epide- enrollment were infected only with Crvptospor-
miologv of Crvptosporidium. -1 there is little tdiumssp. Upon obtaining informed consent from
known about the immunity to cryptosporidial the parents or legal guardians. the children were
infection in humans. In other coccidian infec- formally enrolled. Fifty-six age- and sex-matched

tions. it is believed tha: either cell-mediated im- contro were selected from patients admitted to
mune response (CMI) or an antibody-dependent the hospital for any condition other than gas-
cell mediated cytotoxic effect (ADCC) is the pri- trointestinal disease.
mary defense. ) Recent investigations on im-
munity to Crvptosporidium advance similar find- Specinzens
ings. We investigated the immune response
to C ryptosporidium in infants and youngchildren Immediately following enrollment, a stool
with diarrhea admitted to San Lazaro Hospital sample, 3-5 ml venous blood, and a duodenal
(SLH). a large infectious disease hospital, in Ma- fluid sample were obtained. Stool and blood were
nila. We were interested in the antibody response collected in the usual manner, and duodenal fluid
over time. the cell mediated immune response, was collected by either naso-gastric intubation
and the correlation between the level of immu- or string capsule (Entero-Test 11. HDC Corp.,
nity and the state of nutrition, particularly iron Mountain View, CA). Stool specimens were ana-
status. The study period was July 1986-October lyzed by Rotazyme ELISA kits (Abbott Labs,
1987, and we were able to update the existing North Chicago, IL) for rotavirus and plated on
literature on the epidemiology of cr'ptospori- appropriate enteric media- colonies were iden-

diosis in the Philippines. tified by the API System (API Systems. SA, La
Balme les Grottes, France). Specimens were la-

beled and frozen at -60 0 C for future use. This
MATERIALS AND METHODS procedure was repeated I week and 6 weeks post-

Suhiects enrollment for each subject that could be located.

Children 1-24 months of age with di, iaca LLISA
. o werc .admitted to SLH were screened by

stool examination for Crvptosporidiun. Those To determine the levels of Cryptosporidium-

found positive by modified Kinyoun stain were specific IgA, lgG, and lgM antibodies in the stool.
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132 1 \XER \ND OTHERS

FABLE I portions, were then added to appropriate wells.

Enterw pathoq'ensident'tiewd frim ,k'dnltrwarrhmta . Sincubated for 1 hr at 37( . then washed 3 times
adinttedto San Lazaro Hospital. lan/a. Julv 19S6- in buffer. Conjugates of anti-human IgA. IgG.
Octobher 198' and 1gM wi,.h horseradish peroxidase (Sigma. St.

Total Louis. MO) in 50 gl portions of 1:1.000 dilution
number Percent

Organism isolated positise p,, tl,, were then added to the wells, incubated for 1 hr

. Rotavirus 487 59.2 at 37C. and washed as betbre. Substrate OPD

2.Ascaris lumricoides 110 31.4 (Abbot Laboratories. North Chicago. IL) was then
3. Trhurts richura 76 9.2 added to the wells, allowed to react for 30 min.

4. Salnonella group B 71 8.6 and then stopped with H.SO: the absorbance
5. Crvpiosporidium ssp. 70 8.5 was read at 402 nm on a Titertek I Multiscan
6. 1t'irio cholera 55 6.7

Shigella tlexneri (B) 39 4.7 plate reader (Titertek. Flow Labs. Inglewood.
8. Salnonella group E 26 3.2 CA). Known positive and negative control sam-

Q. ..eromonas hvdrophila 22 2.7 pies plus PBS were run. To establish cutoff val-
10. Blastocvsts hominis 9 1.1 ues. serum samples were obtained from 12
11. (ampilobacter jejumt 7 ().85 healthy infants at a U.S. Air Force Hospital in2. Entainoeha colt o .72 1

13. Hookworm 6 0.72 the Philippines. Normal control sera from SLH

4, Salmonella group C. 3 0.4 were not used because of high reactivity to C.
I5. Iihrio iluvialts 3 0.4 pmrvum oocvsts. suggesting prior exposure to the
16. (;ardia lamtha 3 0.4 organism. Multiple portions of each of the sam-
I -. Salmonella group C, 2 0.24
I8. Shigella sonnet (D) 1 0.12 pies from the 12 healthy infants were assayed for
1). Enterobhus vermwularis 1 0. 12 IgA. lgG. and IgM by our ELISA procedure.

hial nu rner oi patents = N'3

Indirect inimunolluorescent antibodY assav

serun. and duodenal fluid samples, an enivyme-
linked immunosorbent assay (ELISA) was per-

formed. The method was modified from that of were screened by indirect immunofluorescent
antibody assay (IFA) using methods previously

Ungar and others."t (Cri'ptosporddium pBrvre

oocysts used as solid phase antigen were supplied described." Briefly, C. parvulfl oocysts were air-

1 Bruce Anderson. University of Idaho. Cald- dried and methanol fixed on glass slides. Sam-
well. ID and Ron Fayer. USDA. Beltsville. MD. pies, ager Quik Sep treatment, were added to the

ell.ea and incnaed Ronu sampes USDA. Betvil-D

()ocvsts in bovine fecal material were cleaned smear and incubated. Serum samples were di-

and concentrated by discontinuous density gra- luted 1.100. stool and duodenal fluid IgG sam-

dient centrifugation in Percoll as previously de- pIes were diluted 1:26. and stool and duodenal

scribed. " After concentration. 250-300 k oocvsts fluid IgA and 1gM samples were diluted 1:10.

suspended in coating buffer were placed in each Slides were washed thoroughly. and a 1:5 dilu-
well of 96-well lmmulon-2 " flat-bottomed plates tion of goat anti-human IgA. lgG, and lgM con-

(Dnatech Laboratories. Chanti~lv. VA). Plates jugated to FITC (Sigma) were added and incu-

were allowed to coat overnight at 4°C. Plates bated for 30-60 min at 37C . Slides were washed

were then blocked by the addition of 5% horse again, mounted, and observed on a fluorescence

serum in phosphate buffered saline (PBS) and microscope.

.:cr=d -it -60'C until ready for use. Prior to as-

say. plates were washed _, ti-m in washing buff- Total antibodiv

er. Samples to be assayed (serum. stool, and duo-
denal fluid) were first processed to separate the Total antibody levels for IgA, lgG. and IgM.

IgG fractions from the IgA and IgM fractions. expressed in mg/dL, were obtained for each sam-

This was done using the Quik-Sep Svstem II 1 nle bv the -ndia! itmmunodiffTuzion RD) ,-.cth-

column chromatography kit (Isolab Inc.. Akron, od. RID assays for the 3 subclasses of human
OH). After separation. samples were diluted as antibodies were performed using the Accra As-

follows: all serum antibodies. 1:100: stool and say - series (ICN Biomedicals. Costa Mesa. CA)
duodenal fluid IgG, 1:26- and stool and duodenal and were computed using the end point method
fluid IgA and IgM. 1: 10. These samples, in 50 pi as described in the product insert.
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FIGURE 1. The number of cases o cryptospon- FIGURE 2. In support of previous studies, we de-
diosis was greatest in children 7-18 months of age. tected a slight seasonality for cryptosporidiosis. with
There "as no detectable difference in sex distribution. more cases occurring during the warmer, rainy months.

CC-e mediated iminunity' cases were in the 7-18 month age group with
almost equal sex distribution (Fig. 1). To eval-

The subjects' ability to mount a cell mediated uate the possibility that some of the isolates could
response (CMI) was evaluated using a delayed reflect asymptomatic carriage of Crvptosport-

type hypersensitivity (DTH) test administered to dium, we sampled 74 non-diarrheic individuals
the forearm or thigh. The resulting indurations including some immediate family members of
were measured after 48 hr and a score derived, the enrolled subjects. No oocysts were found. We
In order to standardize the procedure, the Mul- found a slight indication of seasonality in the
titest CMI kit (Meriuex Institute, Miami. FL) occurrence of cases (Fig. 2). with th' higher num-
was used. The 7 pre-measured antigens provided bers appearing during the rainy months.
in the kit cover a broad range of substances that
should give a reasonably accurate ,ssessment of Humoral immunity'
CMI status.

ELISA. Among the 70 diagnosed cascs of
cryptosporidiosis, 21 subjects completed the en-

Serum iron and total Iron hinding capactty tire course of specimen collection. Samples of

Acute, I week, and 6 week serum samples from serum. stool, and duodenal fluid from acute, I

each subject were analyzed to obtain serum iron week, and 6 week collection times of all com-

and total iron binding capacity (TIBC) using the pleted subjects were analyzed by ELISA for levels

Gemini serum iron TIBC reagent kit and the of Cryptosporidium oocyst-specific IgA, IgG, and

(lemini Miniature Centrifugal Analyzer (Electro IgM antibodies (Table 2). The serum samples

Nucleonics, Fairfield, NJ). showed mean optical density (OD) values sig-
nificantly higher than controls for all 3 subclasses
at the 3 different collection times, although there

RESULTS was no significant difference between the acute.

Epidemiological data I week, and 6 week levels. The duodenal fluid

samples only showed higher mean OD values for
Our study in July 1996-October 1987 showed IgA at the 6 week collection. Stool samples

a prevalence of 8.5% for Cr'ptoporidium among showed significantly higher mean OD values for
823 subjects samnled mplkin0 ;t the fifth i-'-" t  'gM at all 3 colleciions and for IV,( -,! 0t. aclit,:
common isolate (Table i). Because SLH is a large collection; however, the values decreased over
charity hospital, the patients represent the lowest time. We were able to locate 6 subjects at 6
income class in the metropolitan area. These pa- months post-study and collected serum and stool
tients often live with poor hygiene and sanita- samples. We found an elevated antibody re-
tion, resulting in maximum exposure to enter- sponse to Crvptosporidium among these samples
opathogcns early in life. The largest number of (Table 3).
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TABLE 2

Cryptospondum specTific Ig., IgG, an l.lf antbody levels in serum, duodenalflhad, and stool as determined bY
!_LIS. I*

Examination

.\cute I week 6 weeks Normal controlst

Serum IgA 0.18 (0.177)4 0.18 (0.183)4 - 172(0.125)t 0.012(0.005)
IgG 0.396 (0.260)t 0.46 (0.248)f 0.5 15 (0.229)4 0.283 (0.096)
lgM 0.445 (0.159)f 0.461 (0.033)4 0.484 (0.137)t 0.136 (0.015)

Duodenal IgA 0.101 (0.132) 0.16 (0.182) 0.231 (0.193)§ 0.05 (0.021)
fluid IgG 0.077 (0.066) 0.048 (0.046) 0.089 (0.1 i6) 0.03, (O.02 )

!gM 0.23 (0.101) 0.258 (0.132) 0.288 (0.134) 0.285 (0.036)
Stool IgA 0.293 (0.368) 0.254 (0.268) 0.222 (0.2) 0.154 (0.019)

IgG 0.07 (0.068)§ 0.04 (0.031) 0.037 (0.028) 0.027 (0.012)
IgM 0.32 (0.183) 0.27 (0.119)t 0.254 (0.098)4 0.153 (0.019)

*Mean (SD) of optical densit, alues read at 402 nm absorbance.
Controls for serum were a ponl of 12 healthy infants from Clark Air Force Base. Philippines. Controls for stool and duodenal fluid were from

healths infants from SLH.
Stattsticallv significant difference between sample mean and normal control mean. P 0.001. Student's t-test (2-tailedl.
StattsticallN significant difference between sample mean and normal control mean. P = 0 01, Student's i-test (2-tatled.
StatisticallN significant difference between sample mean and normal control mean. P = 0.001. Student's t-test (2-tatldl.

I/.T To visualize the antigen-antioody reac- spondingly, the percent saturation of transferrin
tions and to help support the ELISA results, an decreased from 18.3% to 13.11% over the 6 week
IFA was run. The results of the IFA appear in period. The normal control value for percent sat-
Figure 3. Clear evidence of antibody binding can uration was 39.4% (Fig. 5). Subjective and ob-
be seen on both the oocyst walls and, in some jective evaluations of these patients by our clin-
cases, on the sporozoites within. ical team indicated the existence of some degree

Total antihodv. Total antibody levels in serum, of malnutrition in every case.
stool, and duodenal fluid were assayed by RID.
Only the IgA subclass showed a significant de- DISCUSSION

crease from normal controls, and this appeared
at all 3 collection times in serum and duodenal The immune responses to coccidial infections
fluid (Table 4). have been characterized as primary CMI with

(fMI. Delayed-type hypersensitivity skin re- strong T cell dependency,' 1' as antibody me-
action was used as an indicator of subjects' CMI diated (citing the enhancement of primary in-
response. The test was performed on 7 of the 21
subjects at enrollment and at the 6 week follow-
up (Table 5). Age matched controls were tested TABLE 3
once. Or initial testing, all subjects showed total Six monthfollow-up assaY for Cryptosporidium anti-
skin anergy compared to controls who reacted to bodies fron 6 return subjects*
a variety of antigens. At the 6 week follow-up,
the mean score for the experimental group was IgA lg6 IgM

still significantly lower than the controls. al- Serum Subjects 0.35t 0.335t 0.433t
though there was an increase in DTH response (0.227) (0.126) (0.136)

from the initial test. Controlst 0.261 0.239 0.281
Iron status. Serum samples drawn at the acute, (0.024) (0.027) (0.124)

Stool Subjects 0.095t 0.044t 0.101-1
I week. and 6 week collection times were ana- S0.065) 0-01) O0.62
lyzed for serum iron, TIBC, and percent satu- (0.065 0.01 0.062
ration of transferrin. Serum iron levels at all 3 (1.152) (0011 ) (0.023)
collection times were significantly lower than *ELiSA results reported as mean opttcal densty read at 402 nm. Mean

control values, a';.ough there was no significant (standard deviation) of 3 readings of a single test of each pooled sample
from the 6 subjects.

fluctuation of values between collection times t Statistically significant difference between sample mean and normal
(Fig. 4). Over the 6 week time span, TIBC in- control mean. P < 0.001. Student's t-test.(t Normal controls were 12 healthy infants from Clark Air Force Base.
creased to the point where the 6 week values were Philippines.

§ Normal controls were 6 healthy children from San Lazaro Hospital
significantly higher than control values. Corre- NAMRU-2 staff.
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FIGURE 3. Results of IFA ':sing Cyptosporidiurn parvum oocysts and subject sera and stool antibodies. A.
Serum IgA show, strong reaction to oocysts. B. Stool IgG shows strong reaction to oocysts. C. Stool IgA shows
distinct reaction to oocysts and sporozoites. Bars 1 10 um.

fection in antibody deficient mice), or as an in- parable to controls, although there was a lower
terplay of humoral and CMI with ADCC as a value of total serum IgA in the subjects.
strong possibility.'' The immune response to In stool samples, 1gM was found in significant
Cr(ptospordium has similarly been described as amounts over a period of 6 weeks, although the
either CMI, as evidenced by the course of the values decreased over time. IgA and IgG were
disease in AIDS patients. or humoral.' -l' with found in detectable le,,els, though there was no
reference to the increased susceptibility of hy- difference from controls. The decreased antibody
pogammaglobulinemic patients. I levels in stools may have resulted from the flush-

Our longitudinal study of 21 children with ing action of prolonged. severe diarrhea, rather
rvptosporidiosis shows a marked cryptospori- than from decreased production or secretion.I

dial antibody response for IgA. IgG. and IgM in In duodenal fluid samples, only IgA was found
serum. This response was maintained over time, at significant levels and only at the 6 week sam-
as seen in 6 subjects in a 6 month follow-up pling time. We do not believe that the results for
screening (Table 3). These findings were consis- duodenal IgG and IgM antibody levels reflect a
tent with previously reported work. " and prob- true picture of the situation. Due to delays in
ably indicate continued exposure to the organism processing, a considerable amount of IgG and
with resulting boosting effect. The total serum IgM may have been degraded by enzymatic ac-
antibody response tbr IgG and lgM was com- tivity present in the fluid prior to freezing, stor-

TABLE 4

lTOtal antihody concentration mg dLi m'er trine, in serum, stool and duodenal fluid, as determined by radial
wittnunidiffiision assay RID)

Normal Normal
Acute I week 6 weeks controls ranges

Serum IgA 97 87 102 280* 19-119
lgG 1.383 1,343 1.375 2.042 258-1.393
lgM 282 275 253 150 14-114

Duodenal IgA 1 I 2 582t §
fluid IgG 5 5 8 1 §

lgM I 1 0 1 §
Stool IgA 11 14 11 2 §

IgG 5 t1 3 1 §
gM 2 7 4 1 §

Statistically significant difference between 3 sample means and control mean. P = 0,02, I -way ANOVA.
Statistically significant difference between 3 sample means and control mean, P < 0.001. I-way ANOVA.
Normal ranges for chtldren up to 24 months old.

§ Normal values not reported.
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TABLE 5 SERUM IRON

Cell mediated immune response as determined hi de- 200

laved tipe hypersensitivity reaction using the thulti- 175-
testI CIMI kit 1

Mean scores' 125-

Subjects (ontrols . 100+.

Initial test 0/0t 4/15 75}-
Follow up test (6 weeks) 3 6t ND 50 -

* Composite score is the total number of antigens showing positive 251
reaction sum otdiameters in mm otmeasured induration. Antigens used
,ere tetanus, diphthena. Streptococcus. tuberculosis, glcerin control. 0
(andida. Tnchophyton. Proteus. ACUTE 1 WK 6 WKS NEG CON

t Statisticall, significant difference between sample mean ano control
mean P - 0o101. Student's [-test (2-tatied).

: .atisticall. significant difference between sample mean and control FIGURE 4. Subjects showed decreased serum iron
mean P = 0 01. Student's [-test 2-laied. levels at 3 different sampling times as compared to

controls.
*P < 0.001, Student's t-test. Statistically significant

age. and assay. Previous work has shown con- difference between sample mean and negative control
siderable IgG and IgM secretion into the mean.

duodenum.'"-" We feel that a similar situation
existed in our stud, although it may have been
masked by problems in technique. The finding of impaired CMI in our subjects

The antibody response to Crtptosporidium in was not unexpected.' These children dis-

our subjects was remarkable qualitatively as well played varying degrees of malnutrition (as de-

as quantitatively. The 3 subclasses showed dis- termined by Gomez's classification) 2t which.
tinct affinity for the oocyst wall and the pellicle. based on their economic status and lifestyle, was

or outer membrane, of the sporozoites. As with probably a pre-existing condition to their cryp-

other coccidia. surface structures on Crvptospor- tosporidiosis. The relationship between nutri-

idium are probably involved in infect"ivity and tional state and immunity is well documented.
mw, be targets of a protective immune re- Malnutrition appears to have little or no effect

may immun re-t rqaniyo nibd rd
sponse." These structures on the oocyst have on the quality or quantity of antibody produc-
been characterized as carbohydrate mottles, either tion. but it does impair CMI.'

alone or in conjunction with lipids or proteins.2 -2  We were interested in the role of iron and itsSloer igM shnjuiowd th strnst bnine- effect on CMI. Previous studies have shown thatSeru Ig shwed he trogestbiningre- iron malnutrition was correlated with CMI im-
sponse to surface structures on both the oocysts
and sporozoites as determined by immunoelec- pairment, particularly lymphocyte function,
Iron microscopy (data not shown).

We wanted to evaluate the CMI status of'our
subjects. We initially intended to perform T4. 600-
TS ratios to measure CMI competence. How- 550.
ever. the amount of blood required was consid- 500.

450-
ered excessive for the age and nutritional state 40o
of the children, and so an alternative method 350--
was employed. DTH as expressed by skin reac- 250

tion was the method of choice. The CMI Mul- 200- 1.3% 1 3.1% 39.4X
titest uses a battery of 7 common antigens and 150-
is regarded as an adequate test of CMI in infants 100.

50T
and voung children. On initial testing, all 7 sub- 0 -

jects showed total skin anergy. At 6 weeks follow- ACUTE 1 WK 6 WKS NEG CON
up. there was a slight increase in the test scores, FIGURE 5. Subjects showed increasing total iron
but they were still significantly below the normal binding capacity and decreasing percent saturation of
control values. We were also able to test 6 sub- transferrin over time. indicative of iron deficiency ane-
jects at a 6 month follow-up; at this time there mia, as compared to controls.

*P = 0.002, Student's t-test. Statistically significant
were some increases in skin reactivity, indicating difference between sample mean and negative control
a partial reconstitution of CMI competence. mean.
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phagocytosis. and neutrophil bactericidal a'tiv- organism in a contaminated environment with
itv, while antibody responses and complement a subsequent boosting effect. The CMI dehcit
wenz normal.-' Our results (Figs. 4. 5) show may have been related to gentral PCM or. more
decreased serum iron, increased TIBC and de- specifically. to iron deficiency which was fbund
creasing percent saturation of transferrin. This is in all subjects. These findings, and the published
the classical picture of iron deficiency anemia. results of other workers, 4 " lead us to conclude
These results support the existing work on iron that the immune response to cryptosporidiosis
status and immunity, in our subjects is probably an antibody depen-

A question that we could not resolve was the dent cell-mediated cytotoxic effect of unknown
role of ('rvptosporidium in iron malnutrition. In mechanism. For clinicians in developing coun-
a population suffering from protein calorie mal- tries who are faced with pediatric cases of cryp-
nutrition (PCM). there is probably concomitant tosporidiosis we recommend, in addition to rou-
iron deficiency and impaired CMI. We speculate tine supportive care, the monitoring ofCMI status
that 0'riptosporidium. by virtue of its preference by skin testing and an aggressive program of nu-
for parasitizing the brush border of enterocytes, tritional therapy aimed at reconstituting the cell
mayv incapacitate enough absorptive surface and mediated immune response. Although iron may
molecular transport mechanisms to further dis- be an important factor in rebuilding ADCC im-
rupt iron absorption. thus precipitating a vicious munity, intensive iron supplementation should
circle of nutrient deficit, impaired CMI. in- be approached with caution."'

creased and prolonged infection, and further nu-
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children . S'outheast Asizan .1 Imop .thd Pi'u/dc otl serum antibodies to (rx ptosporndium sp. in
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20: 874-876. 11:85080414 muncglobulins in healthy infants and children.

4.G udenan R H. Sandoval CA. Mackenzie CD, 198i6. and in some with diseases affecting the intestinal
Cryptosporidliosis in Ecuadorian children wi!h tract or the immune system. f/znLExp linunol
acute diarrhoea. .1 Trp Pediatr 32: 290 -29)2. 2": 210-222. U11:76 116885
11:87 112862 19. Branttag P. Bakelien K, lBjerke K. Rognum TO.

5. Hunt [DA, Shannon R. Palmer SR. Jephcott AE. Scott H. Valnes K. 1987. Nature and properties
1984. (Cryptosporidiosis in an urban commu- of- the human gastrointestinal immune system.
nit,. Br tied I 10 in Resl 28Y9: 8 14--S16. 111: Miller K. Nicklin S. eds. Inzinuno/n~q'i of tho,
S5001 199 gastrointestina/ tract. vol. 1. Boca Raton, FL:

M.Nata L. 1986. Cryptospondium and other pro- CRC Press. 1-86. 111:8602850
to,'oa in diarrheal disease in less developed 20. Girard JP. Kalbermatten A de. 1970. Antibod\
countries. Pediatr Infect Dis .: 1-1:86 120660 activity in human duodenal fluid. Eur J C/zn

Niata L. Bolanos H. Pizarro D. 'Vives N1. 1984. Inivest 1.:188-195. 11171 l82057
(Crxptosporidiosis in children from some high- 21. Riggs MWV. Perryman LE, 981. Infectivity and
land Costa Rican rural and urban areas. I ,ni I1 neutralitation otfCrvptosporidium parvumn spo-
Irop Sled hIs.' 33: 24-29. t Tl:841 25843 ro/oites. In'ect Inmzz i 55:,081-2087. UL:

~Shahid NS. Rahman AS. Anderson BC. Mata Li. 87306853
Sanx.al SC. 1985. ('ryptosporidiosis in Bang- 22. Luft BJ. Pavne D. Woodmansee 1). Kim CW. 1987.
lade'sh. Br .1led J/(l/zn Res/ 290: 114-1 15. 111: Characteritation of the Crvyptospondium anti-
S 509)8491I gens from sporulated oocysts of Cryptospon-

~Lillchoj HS. 1987. Effects of immunosuppression dium pat-vumn. Infi'ct Immtun 55:246241
on avi an coccidiosis: c,,closporin A but not hor- 11:88006413
monal bursectomy abrogates host protective im- 23. Kniker WT Lesourd BM. McBrvde JL. Corriel
munity. Infecr Imnun 55 : 1616-1621. 111: RN. 1985. C:-u-mediated immunity assessed by
8 2 16'i Multitest CM. skin testing in infants and pre-

I)Wakelin ID. (rencis RK. 1987. Immunological school children. . ImIJD. Child 139:-840 -845.
responses to intestinal parasite infection. Miller L11:85276156
K. Nicklin S. eds. hInmnuno/ot'v of the g'astroin- 24. Kocoshis SA, 1986. Diagnosis and treatment of
temtzna/tract. v ol. 11. Boca Raton. FL: CRC Press. cryptosporidliosis in children. Comnpr Ther I2
121-325. .l8602850 56-61.111:86191132

1 1. Janoli- EN. Reller LB. 1987. (rs ptosporidium 25. Macfarlane DE. Homner-Bryce J. 1987. Crvptos-
species, a protean protozoan.f Cin Slzcrobzo/ poridiosis in well-nourished and malnourished
'5: 967-975. L-11:87251327 children. Ita Paedzatr-Scand 76: 474-477. UL1

12. (asemore DP. Sands RL. Curry A. 1985. Cryp- 87266621
tosporidium species, a -new-' human pathogen. 26. Sallon S. Spira DT. Schmid 1, Harlap S. Baras MI.
.1 C/zn I-atho/ 38: 132 1-1336. L 11:86086475 Jentgens H. Kilcher PR. Deckelbaum RJ. 1986.

13. U ngar BL. Soave R. Fayer R, Nash TE. 1986. Crvptosporidium and association with pro-
Enzyme immunoassay detection of' immuno- longed diarrhea and malnutrition in childhood.
globulin NM and G. antibodies to Crxptospori- Gastroenterology 90: 1613.
dium in immunocompetent and immunocom- 27. Gomez F. Galvan RR. Frenk S. Munoz JC. Chav-
promised persons. I Infect lDzs 153: 570-578. ez R. Vasquez J. 1956. Mortality in second and
11:86 141988 third degree malnutrition. I Trop Pediatr 2:77.

14. Waldman E. T,'ipori S. Forsyth JR. 1986. Sepa- 28. Puri S. Chandra RK. 1985. Nutritional regulation
ration of Crvptosportdium species oocysts from of host resistance and predictive value of im-
feces by using a percoll discontinuous density munologic tests in assessment of outcome. Pe-
gradient. I (7/in Vizcrobiol 23: 199-200. 111: dzatr (itt North Am 32: 499--S 16. 11:85189568
86196574 29. Chandra RK. 1983. Nutrition immunity, and in-

15. Laxer MA. Healey MC. Youssef NN, 1987. Pro- fection: present knowledge and future directions.
duction of monoclonal antibodies specific for Lancet /.: 688-69 1. 111:83 165894
Eimeria tenella microgametocytes. I Parasitof 30. Joynson DH. Walker DM. Jacobs A. Dolby AE.
-3: 611-6W6 111:87253670 1972. Defect of cell-mediated immunity in pa-

16. Speer CA. Reduker DW. Burgess DE. Whitmire tients with iron-deficiency anaemia. Lancet 2:
WM, Splitter GA. 1985. Lym phok ine- induced 1058-1059. 111:73035602
inhibition of growth of Eimeria bovis and Ei- 3 1. van Asbeck BS, Verhoef J1. 1983. Iron and host
meria papillata (Apicomplexa) in cultured bo- defence. Eur J ('in Uicrobiol 2: 6-10. 111:
vine monocytes. Infret Imnmun 50: 566-571. 83182385
1,11:86032297 32. Shahid INS, Rahman AS. Sanyal SC. 1987. Cryp-

1 7. Campbell PN. Current WL. 1983. Demonstration tosporidiumn as a pathogen for diarrhoea in



IMMUNITY IN CRYPTOSPORIDIOSIS 139

Bangladesh. Trop Geogr Med 39: 265-270. UT: opathogenic bacteria: distribution, specificity,
88128001 and characterization of the effector cells. J Im-

33. Roberts W, Carr MF. Ma J, Ginsberg A, Green mnunol 133.- 988-992. UI:8424l 150
PHR. 1987. Prevalence of Cryptosporidium in 35. Lowell GJ-I Smith LF, Grifiss JM, Brandt BL,
patients undergoing endoscopy: evidence for an 1980. IgA-dependent, monocyte- mediated, an-
asymptomatic carrier state. Gastroenterology tibacterial activity. J Exp Mfed 152: 452-457.
92: 1597. IJI:80250878

34. Tagliabue A. Boraschi D, Villa L, Keren DF, Low- 36. Weinberg ED, 1974. Iron and susceptibility to
ell GH, Rappuoli R. Nencioni L, 1984. IgA- infectious disease. Science 184: 952-956. UTI:
dependent cell-mediated activity against enter- 74156209



Unclassified
SECLJIII TY -CIASSIFICIlON Of THlIS PAGE

REPORT DOCUMENTATION PAGE ForAppr Oved-IR

la REPORT SECURITY CLASSIFICATlION lb HESTRICHlVE MARINGS

lUnc lass ified
2ai 51CUIl y CLASSIFICATION AurioRi IY 3 DISTRIBUtHONI/AVAILABILII V OF RE PORT

Distribution of this document is
2b~ DECLASSIFICATHON /OOWNGjRADING SCHEDULE unlimited.

A PERPOIIMING ORIGANIZATION REPiORT NUMBERB(S) 5 MONI lOlINC) H, iArEjlZAI ION Ri 10111 rjumJ ;I(,,)

NAMRU-2-TR-1079

6a NAME Or PERFORMING ORGANIZATION 6 b OFFICE SYMBOL la NAME OF MONITORING Oi1GANI/AIION
U.S. Naval Medical Research I (it applicable)

Unit No. 2 1NAMRU-2

6(. ADDRESS (City, State, a,,d ZIP' Code) 7b ADORE 55 (Cily, Stale. aid /11' Code)

APO San Francisco, CA 96528-5000

[Ia NAME OF FINIG SOlQIlN b OFFICE SYMLBOL 9 PR1OCUR~EMENT INS TRUMEN I IIDENTIFICAT ION NUMBER
ORG6ANIZATION N1ava IMedical (if applicable)

Research & Development Command [ NMRDC

U,. ADDRESS (City, State, and lIP Code) 10) SOUjRCE OF FUNDING NUMBRS1

PRIOGRlAM PRIOJECT TASK WVOiK UNITI

Bethesda, MD 20814 ELEMENT NO NO NO ACCESSION NO

62770A '3MI.62770A870 AQ I 220
II TITLE (Include SecurTty Clasiic rlion) (U) Iimune response to cryptosporidiosis in Philippine

children

12 !'LiiSUDAL AUHO.R(S) M.A. Laxer, A.K. Alcantara, M. Javato-Laxer, D). Menorca*,i..T. Fernando*, C.
P. !\anoai*: *Philippine Departmnent of Health
i 3a TYPE OF REPORT I13b TIM'vE COVERED 14, DATE OF R1EPOR~T (Year, MO'll(l, Da)I 'E COUNjT

LehliaFROMj Jul'86 TO Oct"87 1990 9
If, StiPPLEMENTAIIY NOTATION Published in. the American Journal of Tropical Medicine and Hygiene,

42 (2):131-139 ,1990

1/ COSATiI COOES ITT SUBIJECT IL Rms (Continue on reverse it necessary arid identify by Hlock nunmber)

FIELD GRlOUP SUB-GROUP Cryptosporidiosis Philippine

__________ 
children

9 A1IT I IIACT (Continue oni reverse if necessary and identify by block nurtiber)

An ELISA was used to measure thle Crypitosporidlimn-specific IgA, lgC, and 1gM antibody levels inl serum,

stool, and duodenal fluid of 15 Filipino children. Antibody levels were measured on admission to the

hospital, I week later, and at a 6-weevk follow-up examination. Delayed type hypersensitivity skin tests

wcre used to assay cell mediated immunity (CMI), iron status was ie'asured by serum iron tests and total

iron binding capacity, and the degree of malnutrition was determined bV clinical examination. Antibody

response to Crypilsporidilrnt was qualitatively and quantitatively strong and maintained over timle. All
,ubjects showed Impilred CMI early wilh somec reco~mittLf aVe ek.Al511J't~h1'' sni

degree of malnutrition and/or depleted iron status,

20 11 )Iiiiliiili)Fs/AVAILAIJLIIY ()1 ABiSITAC I 21 All',IIlACI I L illI Y (I ASSII 1( A I ION


