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Background: Giardia lamblia and Cryptosporidium parvum are recognized as important health problem
in different countries. Humans may infect by two parasites at different age groups. But more common in
countries with poor sanitation and unsafe water. Cellular and humoral response is engaged by the host to
fight against parasitic infection, cytokines are produced by CD4 of payer’s patches or generated from the
mucosa lymphoid tissue as result of long duration antigen stimulation via trophozoites or cyst stage or
others.

Objectives: To evaluate the levels of IL-2, -4 and C- reactive protein in the sera of patients with Giardia
lamblia and Cryptosporidium parvum.

Materials and methods: A total of 142 patients with diarrhea (56 males, 86 females) and compared with
60 healthy looking controls (10 male, 50 female). Attended to the central teaching hospital for pediatric in
Baghdad city - Iraq, between st April 2012 till 1st August2013. The diagnosis was established based on direct
microscopic examination of stool and Cer Test Crypto-Giardia card, is a one-step colored chromatographic
immunoassay. The patients serum had been tested for IL-2, -4 by used Enzyme linked Immunosorbent
Assay (ELISA), while the concentration of C- reactive protein was determined by auto chemistry analyzer.
Results: The results of laboratory diagnosis revealed that 61 cases infected with Giardiasis, 31cases infected
with Cryptosporidiosis and 50 cases infected with double infection. levels of IL-2, -4 and CRP in serum
patients with Giardia lamblia and Cryptosporidium parvum was increase when comparing with the healthy
looking controls, the statistical analysis shows no significant difference (p<0.05) between infected groups.
Conclusion: Giardia lamblia and Cryptosporidium parvum infections had significant effects on IL-2, -4

and CRP levels.
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Introduction:

Giardiasis and Cryptosporidiosis are two common causes
of protozoan diarrheal disease in human [1]. Outbreaks of
giardiasis and cryptosporidiosis, which occur via fecal-oral
transmission, are associated with consumption of contaminated
food, drinking water, daycare centers and recreational water
venues [2]. Immunochromatographic assays considered good
sensitive and specific methods for rapid diagnosis of Giardia
lamblia and Cryptosporidium spp. in human fecal specimens
[3]. Intestinal epithelial cells are subject to infect by a range
of pathogens, so it seems likely that the immune system needs
to discriminate between self and microbial proteins before a
specific immune response is made. Little is known of the basis
for this discrimination and whether it is made in the draining
lymph node or by the dendritic cells (DCs), that transport Ags
to the node, Ags ingested by DCs are generally thought to
be digested to polypeptides for presentation to T cells, so the
recent finding that intestinal nonspecific esterase reaches the
mesenteric lymph node (MLN) with intact enzymatic activity
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was unexpected. The intestinal epithelial cells from which this
nonspecific esterase is derived are engulfed at the end of their
life span by DCs in the lamina propria [4]. One of the earliest
discovered biomarkers used to diagnose infection is C-reactive
protein (CRP) [5]. Which is an acute-phase reactant, and its
level measurements are frequently used to aid in the diagnosis
of bacterial infections. It Synthesized by the liver and
triggered by cytokines (IL-1, IL-6 and TNF-a) and its levels
increase within 4-6 hours of an inflammatory stimulus [6].
C-reactive protein produced not only during infection but also
in many types of inflammation, it binds to polysaccharides in
pathogens, activating the classical complement pathway [7].
Although the role of cytokines in parasitic infections has been
widely investigated in animal models, there is limited literature
and few clinical works on the importance of Thl (IL-2) and
Th2 (IL-4) in human giardiasis and cryptosporidiosis. Thus,
the present work was undertaken to study the levels of these
cytokines (IL-2, IL-4 and CRP) in sera of subjects infected
with Giardia lamblia and Cryptosporidium parvum and study
the correlation with age and gender.
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Patients and Methods:

Sample collections: A total of 142 patients with gastrointestinal
complaints including in this study 86 (females) and 56 (males)
and majority aged was 7 to 19 years, who attended to the
central teaching hospital for pediatric in Baghdad city -Iraq
between 1% April 2012 till 1** August 2013, they were enrolled
as a study group and compared with 60 age-gender matched
healthy group without gastrointestinal complaints and free of
giardiasis and cryptosporidiosis. Parasitological Examination:
Fresh faecal samples were collected from each patient. They
were examined by direct wet mount, Lugol’s-iodine stained
as well as used the Cer Test Crypto-Giardia card is a one-step
colored chromatographic immunoassay (E-50018 Zaragoza-
Spain).

Blood collection: Five ml of venous blood was collected from
each patient. The collected sample was transferred immediately
in a plain plastic tube and left to clot at room temperature, then
spun at 3500 rpm using ordinary centrifuge for 10 minutes,
finally the sera were collect and dispensed in three plastic
appendorf tubes, and stored at -20° C until used for serological
tests. The patient serum had been tested for IL-2 and IL-4 by
using Enzyme linked Immunosorbent Assay for human IL-2
(Cat No. CSB-E04626h- China) and IL-4 (Cat No. DE4435.
Germany) while CRP (Cat No. 7-225. Poland) was determined
by auto chemistry analyzer.

Statistical analysis: Data was analyzed using statistical program
for social sciences (SPSS) for windows 11.0 and differences
were evaluated using the Chi-Squared test. All tests were two
sided with differences considered significant at P<0.05.

Results:

Characteristics of study population: A total of 142 stool
specimens were examined for the presence of Giardia and /
or Cryptosporidium of these specimens, 61 were positive for
Giardia lamblia, 31 positive for Cryptosporidium parvum and
50 with double infection. The results of all tests are shown in
the table (1)

Table (1): Distribution of patients group according to
parasite infections

Comparison of

Parasite s
. : Number Percentage Significance
nEL Chi3-value Sig.
G lamblia 61 30.7 Non. Si
C. parvum 31 44.2 = 1B
Double infection 50 25.1
Total 142 100%

The mean age of the patients with gastrointestinal complaints
was 14.62+2.9 years when comparing with matched group
was 13.54+3.1 years. Among patients minimum age was 7
years and maximum 19 years there was significant differences
(P<0.05) noticed between both groups. In the present study it
was observed that gastrointestinal complaints percentage was
increased with the increased age, as shows in Table (2).

Table (2): Mean age distribution (years) among the studied
groups.

Age/ years
Studied BOTYEAS  (t-testy
Number Povalue*
groups Mean  Mini Maxi — 44
Control 60 13.54£3.1 8 19 P<0.05

Patients Total 142 14.62+2.9 7 19

*Significant

There was a highly significant difference noticed between
parasitic infection and age group as shown in table 3, majority
of infection was occur in the age group 16-20 years, while the
lowest percentage occur at age group 5-10 years.

Table (3): Distribution of patients according to their age
strata

Age Comparison of Significance
stratum R Chi?-value Sig.

5-10 20 14.1

115 2 36.6 P<0.0001

16-20 70 49.3

Total 142 100

Out of the 142 patients with gastrointestinal complaints, the
frequency of infection was found to be more common among
females 86(60.56%) than the males 56(39.43%) as shown in
table (3).

Table (4): Distribution of intestinal parasites by gender
among studied groups.

Comparison of

Parasite infections Males Females Significance Chi’-value

Sig.
Giardia lamblia 32 29 Sig.
C. parvum 10 21 P=0.021
Double infection 14 36
Total 56 86

In this study it is observed that the levels of IL-2, IL-4 was
increased in the studied group when comparing with healthy
control group and statistical analysis shows significant difference
(p<0.05) between both of them as shown in table (5).
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Table (5): comparison of serum cytokine levels in studied
groups.

Groiins IL-2 IL-4 Comparison of
D (Pg/ml)  (Pg/ml) Significance (p-value)
G lamblia 22.49£5.9 15.08+6.3
Cparvum  21.166.5 17.61£5.8 E=0:005
Double infection 21.88+5.7 15.36+6.2
Control 12.41£5.6 11.59+4.6
*Significant

Table (6): comparison of serum CRP levels in studied groups

CRP Comparison of
Groups mg/dl Significance (p-value
g g P
G lamblia 1.68+0.9
C. parvum 1.280.6x E=0:005
Double infection 1.71+0.7
Control 0.65£0.5
*Significant
Discussion:

The World Health Organization ranks diarrheal disease as the
second most common cause of morbidity and mortality in
children in the developing world. Etiological agents of diarrhea
are viruses, bacteria, and parasites [8]. Among parasites,
Entamoeba histolytica, G.lamblia, and Cryptosporidium spp.
are considered to be the most common and important [9]. In
the present study used microscopical examination and one-
step colored chromatographic immunoassay for detection of
parasitic detection in the stool samples due to giardiasis is often
hard to diagnosis because of intermittent shedding of organisms
[10], requiring examination of stool specimens collected over
several day C. parvum may be challenging to detect on modified
kinyoun’s acid — fast stained smears due to its small size (4 to
6 um) [11], and variable staining of the oocysts. Furthermore,
microscopic identification requires trained microscopists and
involves time and labor for preparing, staining, and examining
smears [12], as well as the sensitivity and specifity of the
this method [13]. The results of this study indicate that the
prevalence of parasitic infection in the females (60.56%)
more common than in males (39.43%) this agreement with
finding of Matowicka-Karna et al., (2009) and (2011) [14, 15].
Other studies from other countries reported difference in the
prevalence of infections between males and females, results
were observed by Shariff et al. in 2003 in children under 5
years of age in eastern Nepal found the prevalence of 67.5%
of diarrhea in males [16]. Higher prevalence of diarrhea in
male was also reported to be 56.4% by Sherchand et al. in
Nepal [17], 57% by Eileen J. Klein et al. in Missouri [18] and
61.4% by Sabrina et al. in Tanzania [19]. Higher frequency
of diarrhea was seen in age group (16-20) years which was

49.3 % (70/142) than others. This may be due to the fact that
this is the age group of secondary school children and working
people who are most likely to be exposed to infection through
hawker food. In contrast, younger children, especially infants,
toddlers and pre-school children would not be exposed too much
infection. There were significant differences in the distribution
of infection rate among females appeared to be higher than
males in this study group, this difference in the distribution
was not pronounced. Also diarrheal disease remains one of the
largest health problems in many parts of the world. And the
disease is often mild and self-limiting but, particularly in the
elderly and young children, the symptoms may be very severe
[20]. Several mechanisms have been proposed to explain the
anti-inflammatory effect of parasitic infections, including the
production of IL-2, IL-4 and CRP. So this study revealed high
levels of cytokines in patients comparing with healthy control
group. The percentage of patients producing CRP in blood
sample was higher among G. lamblia this agreement with
findings of others [22, 23, 24]. Because Giardia is primarily
a luminal parasite, the gut-associated lymphoid tissue is
likely to play a major role in the immune response [25, 26].
One of the first steps in an effective mucosal response to an
infectious agent is the ingestion of the agent and processing
and presentation of its antigens by mucosal macrophages [27].
Owen et al.[28] have shown that macrophages from Peyer’s
patches have the capacity of engulfing trophozoites of G.
muris in vivo. Transmission electron micrographs showed that
macrophages with ingested trophozoites were surrounded by
lymphocytes, which was reminiscent of rosetting during antigen
presentation. Study done by Goyal (2013) indicate oral feeding
of LGG to mice for 7 days prior to or simultaneously with the
challenge dose of Giardia trophozoites. The administration of
the probiotic was continued for 25 days, Giardia seems to have
modulated both arms (humoral and cellular) of the mucosal
immune system since a significant increase in the levels of
specific secretory IgA antibody, IgA+ cells, and CD4+ T
lymphocytes were observed in contrast with the decreased
percentage of cytotoxic CD8+ T lymphocytes. The stimulated
mucosal immune response in probiotic fed Giardia-infected
mice was further correlated with the enhanced levels of anti-
inflammatory cytokines IL-4,IL-6 and IL-10 and reduced levels
of pro-inflammatory cytokine INF-Also study performed by
Solaymani-Mohammadi (2011) revealed that infection or
other inflammatory insults in the small intestine often result in
reduced disaccharidase enzyme levels. Using a mouse model
of giardiasis, who examined the role of host immunity and
pathogen virulence in mediating disaccharidase deficiency
postinfection and found analysis of cytokine production by
spleen and mesenteric lymph node cells showed production of
IL-4, IL-10, IL-13, IL-17, IL-22, TNF-q, and IFN-y p.i. with
both WB and GS, with IFN-y being the dominant cytokine for
both parasite strains. Mesenteric lymph node cells produced
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lower levels of cytokines compared with splenocytes in
response to parasite extract, although the overall pattern was
similar. Immune responses play a critical role in protection,
and resolution of, cryptosporidiosis. However, the nature of
these responses, particularly in humans, is not completely
understood. Both innate and adaptive immune responses are
important. Innate immune responses may be mediated by Toll-
like receptor pathways, antimicrobial peptides, prostaglandins,
mannose-binding lectin, cytokines and chemokines. Cell-
mediated responses, particularly those involving CD4+ T ,cells
and IFN-y play a dominant role. Mucosal antibody responses
may also be involved. Proteins. mediating attachment and
invasion may serve as putative protective antigens. Further
knowledge of human immune responses in cryptosporidiosis
is essential in order to develop targeted prophylactic and
therapeutic interventions. This review focuses on recent
advances and futureprospects in the understanding of human
immune responses to Cryptosporidium infection [31]. Other
study done by demonstrated that In the clinical tests, levels
of c-reactive protein, erythrocyte sedimentation rates, and
neutrophil proportions were normally increased in the
peripheral blood, whereas the lymphocyte proportion exhibited
a tendency towards decrease. The pathological findings were
compatible with an inflammatory reaction in the host c-reactive
protein (CRP) levels is high, but not in all cases [32]. Recently
it was reported that innate immunity rather than adaptive
immunity played a major part in the recovery phase of acute
infection in neonatal mice [33]. Adult mice lacking T and B
cells develop chronic C. parvum infection that is usually fatal,
but for several weeks these animals may efficiently control
parasite reproduction. The innate immunity involved is at least
partly IFN-y dependent, as infection levels increased after
treatment with anti-IFN-y-neutralizing antibodies [34, 35].
Numerous studies have demonstrated that innate immunity
is a major element in host defense against C. parvum, and
important factors involved in this arm of the immune response
Include NK cells, IFN-y, and IL-12 [36, 37, 38, and 39].

In conclusion, parasitic infections are considered the most
serious health problems facing the world. Further investigation
is needed with large sample size to clarify this issue and
studying the role of other cytokines in the protection from
parasitic infection.

Author’s contribution:

Study conception: lecturer Mohammed J. Shakir

Study design: lecturer Mohammed J. Shakir and Dr. Areej A.
Hussein

Acquisition of data analysis: lecturer Mohammed J. Shakir
and Dr. Areej A. Hussein

Interpretation of data analysis: Dr. Areej A. Hussein

Drafting of manuscript: Dr. Areej A. Hussein

Critical revision: Dr. Areej A. Hussein

References:

1. Chan R, Jing C, Mary KY, Norman S, Raymond LK,
Fitzroy G and Herbert BT, Evaluation of a combination Rapid
immunoassay for detection of Giardia and Cryptosporidium
Antigens. J Clin. Microbial. 2000; 38(1):393-394.

2. Stephanie PJ, Melissa MB, Michael JB, Louise C and
Patricia PW. Evaluation of three commercial assays for
detection of Giardia and Cryptosporidium organisms in fecal
specimens. J Clin Microbial. 2003, 41(2):623-626.

3. Gutierrez-Cisneros, Martinez-Ruiz R, Subirats M, Millan
R and Fuentes I. Assessment of two commercially available
immunochromatographic assays for a rapid diagnosis of
Giardia duodenalis and Cryptosporidium spp. in human fecal
specimens. Enferm Infecc Microbiol Clin. 2011; 29(3):201-
203.

4. Esther M. Ponnuraj and Anthony R. Hayward. Lymph
Nodes of Infected Mice Cryptosporidium parvum, Reach
Mesenteric Epithelial Cell Esterase, But Not Intact Intestinal
mRNAs and Intestinal. J Immunol. 2001; 167:5321-5328

5. Standage SW, Wong HR: Biomarkers for pediatric sepsis
and septic shock. Expert Rev. Anti Infect. 2011, 9(1): 71-79.

6. Ilhan N, Ilhan M, Ilhan Y, Akbulut H and Kiiciiksu M:
C-reactive protein, procalcitonin, interleukin-6, vascular
endothelial growth factor and oxidative metabolites in
diagnosis of infection and staging in patients with gastric
cancer. World J Gastroenterol. 2004; 10(8):1115-20.

7. Simon L, Gauvin F, Amre D, Saint-Louis P. Lacroix J:
Serum Procalcitonin and C-Reactive Protein Levels as Markers
of Bacterial Infection: A Systematic Review and Meta-analysis
Clinical Infectious Diseases. 2004, 39: 206-217.[IVSL].

8. Savioli L, Smith H and Thompson A. Giardia and
Cryptosporidium join the Neglected Diseases Initiative. Trends
Parasitol. 2006, 22(5):203-208.

9. Nazeer JI, El Sayed kk, Von TH, El-Sibaei MM, Abdel-
Hamid MY, Tawfik RA and Tannich E. Use of multiplex real-
time PCR for detection of common diarrhea causing protozoan
parasites in Egypt. Parasitol Res . 2013, 112(2): 595-601.

10. Danciger, M and Lopez M. Number of Giardia in the feces
of infected children, Am J Trop Med Hyg. 1975, 24:237-242.
11. Newman, RD, Jaeger KL, Wuhib T, Lima AAM, Guerrant
RL and Sears CL. Evaluation of an antigen capture enzyme
linked immunosorrbent assay for detection of Cryptosporidium
oocysts. J Clin Microbiol. 1993, 31:2080-2084.

12. Rosenblatt, LE and LM Sloan. Evaluation of an Evaluation
of enzyme linked immunosorrbent assay for detection of
Cryptosporidium spp. In stool specimens. J Clin Microl. 1993;
31: 1468-1471.

13. Stephanie PJ, Melissa MB, Michael JB, Louis C and
Patricia PW. Evaluation of three commercial Assays for
detection of Giardia and Cryptosporidium organisms in fecal
specimens. J Clin Microl.2003; 41(2):623-626.

14. Matowicka-Karna J, Dymicka-Piekarska V and Kemona

J Fac Med Baghdad

316

Vol.56, No.3, 2014



Assessment of Serum Interleukin-2, -4 and C-reactive protein Levels in patients with

Giardiasis and Cryptosporidiosis

Mohammed J. Shakir

H. IFN-gamma, IL-5, IL-6 and IgE in patients infected with
Giardia intestinalis. Folia Histochem Cytobiol, 2009, 47: 93-
97.

15. Matowicka-KarnaJ, Kralisz M and Kemona H. Assessment
of the levels of nitric oxide (NO) and cytokines (IL-5, IL-6, IL-
13, TNE INF-gamma) in giardiasis. Folia Histochem Cytobiol.
2011; 49(2):280-284.

16. Shariff M, M Deb and R Singh. A Study of Diarrhoea
among Children in Eastern Nepal with Special Reference to
Rotavirus. Indian Journal of Medical Microbiology. 2003,
21(2): pp. 87-90.

17. Sherchand J B, Yokoo M, Sherchand O, Pant A R and
Nakagomi O. Burden of Enteropathogens Associated Diarrheal
Diseases in Children Hospital, Nepal, Scientific World J. 2009,
7(7): 71-75.

18. Klein E J, Boster DR, Stapp J R, et al., Diarrhea Etiology
in a Children s Hospital Emergency Department: A Prospective
Cohort Study. Clinical Infectious Diseases. 2006, 43(7): 807-
813.[1VSL].

19. Moyo SJ, Gro N, Matee MI, Kitundu J, et al., Age Specific
Aetiological Agents of Diarrhoea in Hospitalized Children
Aged Less than Five Years in Dar es Salaam, Tanzania, BMC
Pediatrics, 2011, 11: 19-24.[1VSL].

20. Black RE. Persistent Diarrhea in Children in Develop-ing
Countries. The Pediatric Infectious Disease Journal. 1993,
12(9):751-761.

21. Hill DR, Pohl R. Ingestion of Giardia lamblia trophozoites
by murine Peyer’s patch macrophages. Infect Immun 1990;
58:3202-7.

22. Radulescu S, Meyer EA. Opsonization in vitro of Giardia
lamblia trophozoites. Infect Immun 1981, 32:852-6.

23. Smith PD, Elson CO, Keister DB etal. Human hostresponse
to Giardia lamblia: spontaneous killing by mononuclear
leucocytes in vitro. J Immunol 1982; 128:1372-6.

24. Smith PD, Keister DB, Wahl SM et al. Defective
spontaneous but normal antibody dependent cytotoxicity for
an extracellular protozoan parasite, Giardia lamblia, by C3H/
HeJ mouse macrophages. Cell Immunol 1984; 85:244-51.

25. Belosevic M, Faubert GM. Comparative studies of
inflammatory responses in susceptible and resistant mice
infected with Giardia muris. Clin Exp Immunol 1986, 65.:622-
30.

26. Underdown BJ, Skea DL, Loney GM et al. Murine
giardiasis and mucosal immunity: a model for the study of
immunity to intestinal protozoan parasites. Monogr Allergy
1988, 24:287-296.

27. Bienenstock J, Befus AD. Mucosal
Immunology 1980, 41.:249-270.

28. Oweni RL, Allen CL, Stevens DP. Phagocytosis of Giardia
muris by macrophages in Peyers patch epithelium. Infect
Immun 1981;33: 591-601.[IVSL].

29. Goyal N, Shukla .Probiotic Lactobacillus rhamnosus

immunology.

GG modulates the mucosal immune response in Giardia
intestinalis infected BALB/c mice. Dig Dis Sci. 2013 May, 58
(5):1218-1225.

30. Solaymani-Mohammadi S, Singer SM. Host immunity
and pathogen strain contribute fo intestinal disaccharidase
impairment following gut infection. J Immunol. 2011 Oct 1;
187 (7):3769-75.

31. Anoli
responses in cryptosporidiosis Future Microbiol. 2010, 5:
507-519.

32. Prevalence of diarrhea caused by Cryptosporidium
parvum in non-HIV patients in Jeollanam-do, Korea Jong-
Kyu LEE1), Hyeon-Je SONG2) and Jae-Ran YUI) Korean J.
Parasitol. 2005; 43(3): 111-114.

33. Korbel DS, Barakat FM, Di Santo JP. McDonald V.
CD4+ T cells are not essential for control of early acute
Cryptosporidium parvum infection in neonatal mice. Infect
Immun 2011; 79:1647-16535.

34. Barakat FM, McDonald V, Di Santo JP. Korbel DS. Roles

Borad and Honorine Ward. Human immune

for NK cells and an NK cell-independent source of intestinal

gamma interferon for innate immunity to Cryptosporidium
parvum infection. Infect Immun 2009, 77:5044-5049.

35. Hayward AR, Chmura K, Cosyns M. Interferon-gamma is
required for innate immunity to Cryptosporidium parvum in
mice. J Infect Dis 2000, 182:1001-1004.

36. Barakat FM, McDonald V, Di Santo JP. Korbel DS. Roles

for NK cells and an NK cell-independent source of intestinal

gamma interferon for innate immunity to Cryptosporidium
parvum infection. Infect Immun 2009, 77:5044-5049.

37. Hayward AR, Chmura K, Cosyns M. Interferon-gamma is
required for innate immunity to Cryptosporidium parvum in
mice. J Infect Dis 2000, 182:1001-1004.

38. Barakat FM, McDonald V, Foster GR, Tovey MG, Korbel
DS. Cryptosporidium parvum infection rapidly induces a
protective innate immune response involving Type I interferon.
J Infect Dis 2009, 200:1548-1555.

39. McDonald V, Smith R, Robinson H, Bancroft G. Host
immune responses against Cryptosporidium. Contrib Microbiol
2000; 6. 75-91.

J Fac Med Baghdad

317

Vol.56, No.3, 2014



