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Infectious agents continue to be among the leading causes of 
morbidity and mortality worldwide. In addition, they are also 
implicated in the pathogenesis of indirect consequences such as 
induction of autoimmune diseases [1-3]. Although observation of 
high titers of immunoglobulin G to microorganisms associated 
with diseases is very common in clinical practice, and there are 
several frequent infectious agents that appear to affect the vast 
majority of the population, differences in seropositivity towards 
common infectious agents might explain differences in tendency 

towards the development of infectious-associated diseases, in-
cluding autoimmune diseases. In addition, a significant negative 
relationship between latitude and infectious disease species 
richness, and a nested spatial organization, i.e., the accumulation 
of infectious disease species with latitude, have been reported 
[4]. The aim of this study was to explore serum frequencies of 
IgG antibodies directed towards five microorganisms commonly 
associated with disease in healthy people from two different 
origins – one from Colombia, an equatorial country, and the 
other from Italy, a northern country. A presumed difference in 
prevalence of anti-infectious agents (if found) might be a rea-
sonable explanation for differences among various autoimmune 
phenomena between these two different populations.

Patients and Methods
Subjects
We evaluated 240 healthy volunteers from northwestern Colombia 
(N=140) and Italy (N=100) who originally served as control groups 
in the multicenter study “Infection and Autoimmunity.” They were 
apparently healthy at the time of blood collection. Demographic 
data of volunteers are presented in Table 1.

Antibody assays
All samples were screened for antibodies using five different 
packs of assays against a different microorganism (T. pallidum, 
rubella, cytomegalovirus, T. gondii and Epstein-Barr virus) using 
the Bio-Rad BioPlex 2200 system® (Hercules, CA, USA). It is 
a fully automated, random-access immunoassay analyzer built 
on a synthesis of multiplex, magnetic bead and flow cytometry 
technologies. At the core of the technology are two different 
populations of 8 µm magnetic beads that are dyed with two 
fluorophores for classifications. Each bead is coated with specific 
recombinant proteins, according to the assay being tested, thus 
representing a different target antigen. Briefly, colored beads 
coated with different antigens were mixed together, along with 

Ig = immunoglobulin
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the patient’s sample and sample diluent and then incubated for 
20 minutes at 37ºC. After a wash cycle, different isotypes of anti-
human antibodies conjugated to phycoerythrin were added to the 
dyed bead and incubated for 10 minutes at 37ºC. After removal 
of excess conjugate, the bead mixture was passed through the 
detector that identifies the beads based on the fluorescence 
of the dyes. The amount of antibody bound to the bead was 
determined by the fluorescence of phycoerythrin. Raw data were 
initially measured as the relative fluorescence intensity and then 
converted to the fluorescence ratio using a pre-dyed internal 
standard bead. A series of calibrators were analyzed along with 
the patient samples to convert fluorescence ratio to international 
units. Two additional control beads were also included in all 
incubations. A serum verification bead and a blank bead were 
added to verify the addition of serum to the reaction vessel and 
the absence of significant non-specific binding respectively. 

The EBV IgG pack incorporated three different populations 
of beads screening for nuclear antigen-1, viral capsid antigen 
and early antigen-D. The Syphilis IgG pack used a group of 
recombinant proteins to T. pallidum that detect three analytes 
(TPr15, TPr17 and TPr47, numbered according to their size in kilo 
Daltons) that help improve sensitivity and specificity of the assay. 
Results for Syphilis IgG can be interpreted with the highest titer 
of the three parameters. TORC packs IgG screen for antibodies 
against three target analytes: Toxoplasma gondii, rubella (German 
measles) and cytomegalovirus. The Toxoplasma antigen used is a 
disrupted cell lysate from tachyzoites grown in murine ascites 
fluid.

Variable definition
The antibody titers were dichotomized according to published 
prevalence for the Italian general population. For rubella we used 
the prevalence of 84% [5], which generated a cutoff level of 65 
IU; for toxoplasmosis the prevalence was 41% and the cutoff 
level > 1 IU [6]; for CMV the prevalence used was 91.7% and the 
cutoff level was > 0.2 UI [7]; for EBV a prevalence of 81.9% [8] 
and three cutoff levels; and for syphilis 0.2 IU was considered the 
lowest titration possible.

Statistical analysis
For comparison of age differences between Italian and Colombian 
subjects and differences between IgG reactivities the chi-square 
test was used. Correlations between IgG reactivities were calcu-
lated using the phi correlation coefficient. Statistical analysis was 
performed using SPSS® software. Since this was an exploratory 
study, a statistically significant difference was considered if P < 
0.01. 

Results
The demographic information presented in Table 1 indicates that 
the Colombian women were significantly older than the Italian 
women (P < 0.001) in our cohort, whereas the male volunteers 
showed no differences although this group was of a smaller size 

EBV = Epstein-Barr virus

in both nationalities. The detailed frequencies of IgG titers for 
the five microorganisms measured in both populations consider-
ing the cutoff levels defined above are presented in Table 2. 
The general frequencies were: anti-Toxoplasma gondii antibodies 
50.8%, anti-rubella virus antibodies 75%, anti-CMV antibodies 
86.3%, anti-EBV antibodies 83.3% and anti-Treponema pallidum 
6.3%. Differences between the two groups of volunteers were 
noted regarding two infectious agents. The prevalence of IgG 
anti-rubella antibodies was significantly higher among Italian 
subjects (85% vs. 67.9%, P = 0.002), whereas antibodies against 
CMV were less prevalent among Italian compared to Colombian 
subjects (77% vs. 92.9%, P < 0.001). As shown in Table 3, no 
significant correlations among the various IgG anti-infectious 
agents’ reactivity and the age groups could be found in either of 
the volunteer groups tested.

Discussion
In this study we report the prevalence of high titers of anti-
infectious agents among patients from different geographic 
and cultural origins (Toxoplasma gondii, rubella virus, CMV, EBV 
and Treponema pallidum). To the best of our knowledge, no 

Table 1. Demographic data, nationality, stratified age and gender of 
study subjects 

 Males Females

Age (yrs)

Italians Colombians Italians Colombians

n % N % n % n %

18–44 22 64.7 8 80.0 61 92.4 89 68.5

45–63 12 35.3 2 20.0 5 7.6 41 31.5

Total 34 100.0 10 100.0 66 100.0 130 100.0

Mean (SD) 41.3 (8.8) 35.1 (10.9) 29.2 (8.2) 39.4 (10.0)

P  value of chi-

square test

0.361 < 0.001

Table 2. IgG reactivity in two volunteer groups according to microorganism

 

Total

Volunteers

IgG

Italians Colombians

Pn % n % n %

Toxoplasmosis

< 1.0 118 49.2 52 52.0 66 47.1 0.458

> 1.0 122 50.8 48 48.0 74 52.9

Rubella

< 65 60 25.0 15 15.0 45 32.1 0.002

> 65 180 75.0 85 85.0 95 67.9

Cytomegalovirus

< 0.2 33 13.8 23 23.0 10 7.1 < 

0.001> 0.2 207 86.3 77 77.0 130 92.9

Syphilis

< 0.2 225 93.8 93 93.0 132 94.3 0.685

> 0.2 15 6.3 7 7.0 8 5.7

Epstein-Barr virus (CA)

< 3 40 16.7 17 17.0 23 16.5 0.926

> 3 199 83.3 83 83.0 116 83.5

CA = capsid antigen
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study has compared so many microorganisms in such a large 
sample. The patients exhibited high titers of IgG to most of 
the microorganisms tested, except for T. pallidum. With regard to 
reliability of results, other authors in southern Italy who were 
also studying healthy children and teenagers found a frequency 
of 76% of anti-rubella antibodies, providing similar results to 
our findings [9]. In a recent paper describing the frequency of 
IgG to rubella and CMV in 33 healthy people (15 women, mean 
age 44 ± 25 years) in Turkey, the authors found high titers for 
rubella (96.9%) and also for CMV (93.9%) [10]. In another study 
evaluating healthy people from southern Italy, the authors found 
a prevalence rate of 91.7% for anti-CMV antibodies among 10–15 
year old volunteers [11]. These high rates of anti-CMV antibodies 
were not detected in other regions, since of the 22,260 healthy 
donors from Germany (12,015 women, mean age 36.4 years) 
a total prevalence of only 45.8% of anti-CMV antibodies was 
reported [11]. Ossa et al. examined 129 children from northwest 
Colombia and found a seroprevalence of 94% and 98% for EBV 
and CMV, respectively, regardless of gender, age and number of 
first-degree relatives with these disorders [12]. With respect to T. 
gondii, our results are similar to those described in the literature. 
Studying a large population in Italy (28,247 serum samples), the 
authors found a prevalence of 48%, while in another study of 
146 healthy volunteers (115 women, mean age 44 years) from 
the United States 59% of the subjects had these antibodies [13]. 
Regarding EBV, the seroprevalence of anti-EBV antibodies among 
children aged 8–10 years was 81.9% in southern Italy [8], whereas 
in Sweden the same antibodies were found only in 62% of the 
children tested [14].

The present comparison of five different infectious agents be-
tween two different populations, Italian and Colombian subjects, 
disclosed significant differences in the prevalence of two very 
common infectious agents: rubella and CMV. The Italian volun-
teers exhibited a higher prevalence of positive titers to rubella 
(85%) whereas the Colombians displayed a higher prevalence of 

titers to CMV (92.9%). This difference in positivity 
rate might be incidental, yet as described above, 
various populations differ in their seropositivity rate. 
It is also possible that this difference may be due 
to the existence of a relationship between these 
infectious agents and latitude [4]. Considering that 
autoimmune diseases may result from both genetic 
exposure and environmental triggers [15], these 
differences might influence the prevalence of a 
given autoimmune disease in an entire population. 
Nonetheless, it is possible that these differences are 
also a result of a vaccination strategy in the case of 
rubella, and moreover, the role of IgM antibodies to 
these infectious agents and their prevalence were 
not considered here [16].

The data presented here support the notion 
that asymptomatic infection or healthy carriage is 
a common state when considering healthy popula-
tions. Our findings might serve as reference data for 
other studies aiming to evaluate the role of those 

microorganisms in autoimmune diseases, and highlight the fact 
that not only genetic factors differ among various ethnic and 
geographical populations, but also the environmental trigger 
should be considered as an important variable determinant in 
the induction of autoimmunity.
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Skin fungi cause conditions ranging from flaky scalps and 
eczema to weeping dermatitis and invasive disease. Major 
culprits are the Malassezia spp., which are closely related to 
plant pathogenic basidiomycetes, such as Ustilago maydis. In 
a proteomic-genomic study, Xu et al. discovered that when 
Malassezia grows on the human scalp, it secretes over 50 
proteins, which are generally more similar to those secreted 
by other skin-parasitizing fungi, such as Candida albicans, than 
to those of its plant parasite cousins. The secreted proteins 
include allergens responsible for atopic eczema, but the 
ones critical for the Malassezia lifestyle are lipases; these 

enzymes are necessary to harvest host lipids in compen-
sation for an apparent fungal inability to synthesize fatty 
acids de novo. The secreted enzymes include a distinctive 
arsenal of extracellular hydrolases, another similarity to 
Candida. Furthermore, sequencing of the haploid genome 
revealed mating-type genes and a pheromone-responsive 
MAP kinase module, like those found in yeast. It could be 
that sex promotes skin colonization and the exchange of 
virulence determinants. 

Proc Natl Acad Sci USA 2007;104:18730
Eitan Israeli
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Skin fungi secret

G protein-coupled receptors (GPCRs) are transmembrane 
proteins that respond to diverse extracellular stimuli to 
trigger many different cellular responses. They are impor-
tant pharmacological targets, but drug design has been 
hampered because structural information is only available 
for the rather distinctive member of this family, rhodopsin. 
Two studies provide structural insights into another GPCR, 
the human beta-2-adrenergic receptor. Rosenbaum et al. 
(Science 2007;318:1266) stabilized the protein for crystal-

lization by protein engineering and analyzed mutagenesis 
data in the context of the structure to provide insight into 
how ligand binding is coupled. Cherezov et al. (p. 1258) 
describe in detail the 2.4 angstrom structure of the fusion 
protein and how it compares to the rhodopsin structure. 
It appears that conserved helices provide a common core 
in class A GPCRs while variable helices provide binding-
site plasticity.

Eitan Israeli
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Beta-2-adrenergic receptor structures

The most tyrannical of governments are those which make crimes of opinions, for everyone 
has an inalienable right to his thoughts

Baruch Spinoza (1632-1677), Dutch philosopher of Portuguese Jewish origin. The breadth and 
importance of Spinoza’s work was not fully realized until years after his death, and today he is 
considered one of the great rationalists of 17th century philosophy, laying the groundwork for 
the 18th century Enlightenment and modern biblical criticism. By virtue of his magnum opus, the 
posthumous Ethics, Spinoza is also considered one of Western philosophy’s definitive ethicists.
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