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1. Introduction 

Many animal studies have shown adverse effects of PCDDs, PCDFs (summarized as dioxins) 
and PCBs on the immune system. The most consistent finding in these studies is thymic 
atrophy. In utero and lactational exposure is a more sensitive period for the immunotoxic 
effects than adult exposure, suggesting that in animals during maturation the immune system 
is particularly sensitive to these compounds '•̂ •'•''•'•<". 
Data regarding the potential toxic effects of PCDDs, PCDFs and PCBs on the immune 
system in human beings are scarce. In vitro studies of human venous blood and lymphocyte 
fractions incubated with low doses of TCDD demonstrated a decrease in B-cells and CD4-f 
(helper) T-cells and an increase in CD8-1- (cytotoxic) T-cells^. The first indication that PCBs 
and dioxins might be immunotoxic in vivo came from studies in accidentally exposed 
humans*' '"" '^ ' ' ' ""*. In highly industrialized, densely populated Westem European 
countries, like the Netherlands, dioxin levels in human milk samples can be especially high 
(10-100 pg toxic equivalent (TEQ) / g milk fat). Whether prenatal and postnatal exposure to 
these high background levels of PCDDs, PCDFs and PCBs can alter the immune system in 
human infants and whether the health of the infant is adversely affected by these pollutants 
is not known. In our study we explored the immunological effects of environmental prenatal 
and fwstnatal background exposure to PCDDs, PCDFs and PCBs in infants from birth to 
eighteen months of age. This study is part of the Dutch PCB/Dioxin Study, a larger 
prospective longitudinal study on possible adverse health effects of these pollutants on human 
infants. 
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2. Methods 

Our total study group consisted of 207 healthy mother-infant pairs, of which 105 infants were 
breast-fed and 102 children were bottle-fed. Prenatal PCB exposure was estimated by the 
PCB sum (PCB congeners 118, 138, 153 and 180) in matemal blood and the total TEQ 
level in human milk (17 dioxin and 8 dioxin-like PCB congeners). Postnatal PCB/dioxin 
exposure was calculated as a product of the total TEQ level in human milk multiplied by 
weeks of breast-feeding. The number of periods with rhinitis, bronchitis, tonsillitis and 
otitis during the first 18 months of life was used as an estimate of the health status of the 
infants. Humoral immunity was measured at 18 months of age by detecting antibody levels to 
mumps, measles and mbella. White blood cell counts (monocytes, granulocytes and 
lymphocytes) and immunological marker analyses CD4-I- T-lymphocytes, CDS-I- T-
lymphocytes, activated T-lymphocytes (HLA-DR-I-CD3+), as well as TcRa/S-H, TCR75-I-, 
CD4-I-CD45RA-I- and CD4-I-CD45RO-I- T- lymphocytes, B-lymphocytes (CD19-I- and/or 
CD20-1-) and NK cells (CD16-I- and/or CD56-I-/CD3-) in cord blood and venous blood at 3 
and 18 months of age were assessed in a subgroup of 55 infants. Details are described in a 
previous paper"*'. 

3. Results 

There was no relationship between pre- and postnatal PCB/dioxin exposure and upper or 
lower respiratory tract symptoms or humoral antibody production. A higher prenatal 
PCB/dioxin exposure was associated with an increase in the number of TCR76-I- T-cells at 
birth and with an increase in the total number of T-cells and the number of CD8-1-
(cytotoxic), TcRa/3-l- and TCR75-I- T-cells at 18 months of age. A higher prenatal as well 
as postnatal PCB/dioxin exposure was associated with lower monocyte and granulocyte 
counts at 3 months of age (Tablet). 

Table 1: Spearman rank correlation coefficients of the significant correlations (pS.05) between the immunological 
parameters and the total TEQ: dioxin TEQ, planar, mono-ortho and di-ortho PCB congener TEQ level.s in breast
milk. 

White Cell Blood Counts 
Monocytes at 3 months 
Granulocytes at 3 months 

T-cell markers 
CD3+CD8+ at 18 months 
TcR a/3+at 18 months 
TcR 76+ in cordblood 

Dioxin and dioxin-like PCB TEQ levels in hreast-milk 
Spearman rank correlation coefficients 

Dioxin TEQ 

-.55** 
-.40 

.80** 

.71** 

.57** 

Planar 
PCB TEQ 

-.37 
-.40 

.71** 

.50 

.32 

Mono-ortho 
PCB TEQ 

-.67** 
-.44 

.52 

.44 

.40 

Di-ortho 
PCB TEQ 

-.51* 
-.34 

.68* 

.61* 

.34 

Total 
TEQ 

-.64** 
-.47* 

.65* 

.57* 

.50* 1 

=p£.05.**=p£.01 
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4. Discussion 

In our study two different effects of PCB/dioxin background exposure on the developing 
immune system of human infants were found: 

- Prenatal PCB/dioxin exposure was associated with changes in T-cell subpopulations in the 
blood. These changes were mainly seen at 18 months of age. At that age a higher prenatal 
PCB/dioxin exposure was associated with an increase in the total number of T-cells as well 
as with an increase in the number of CD8+ (cytotoxic), TcRa/3-l- and TCR76-I- T-cells. 
These prenatal effects of PCB/dioxin exposure on changes in T-ceil subpopulations at a later 
age are consistent with findings in other human studies. In children bom to mothers living in 
a TCDD contaminated environment in Time Beach Missouri during and after pregnancy a 
decrease in CD4-H (helper) T-cells and an increase of CD8-I- (cytotoxic) T-cells has even 
been demonstrated at 9 to 14 years of age'"'. In one preliminary report from Northern Que
bec, Inuit infants whose mothers have elevated levels of PCBs and dioxins in their 
breast-milk, the CD4-I- (helper) : CD8-I- (cytotoxic) T-cell ratio was decreased at 6 and 12 
months of age but not at 3 months of age'". Our results are also in agreement with animal 
studies, where perinatal TCDD exposure produces an alteration in the normal thymocyte 
maturational process"-". Moreover, in vitro studies of human venous blood and lymphocyte 
fractions incubated with TCDD demonstrated a decrease in CD4-)- (helper) T-cells and an 
increase in CD8-f (cytotoxic) T-cells". In contrary to the above studies, we did not find a 
decrease in CD4-I- (helper) T-cells. All these studies were, however, conducted in vitro or in 
higly exposed infants whereas our study was conducted in background PCB/dioxin exposed 
infants. 
- A higher prenatal as well as postnatal PCB/dioxin exposure was associated with lower 
monocyte and granulocyte counts only at 3 months of age. The effects on the lymphocyte 
count fell short of statistical significance. Our findings are in agreement with animal studies 
where a direct effect on the fetal liver and neonatal bone marrow was found after perinatal 
dioxin exposure''". In Taiwan, in the Yucheng incident, changes in the monocyte 
maturational process were found in PCB poisoned patients". Our results also agree with a 
previous study in Dutch infants where a negative correlation between dioxin concentrations in 
breast-milk and the number of granulocytes was found at one week of age'". 

There was no evidence of increased upper or lower respiratory tract symptoms or altered 
humoral antibody production in relation to PCB/dioxin exposure. Although there were 
differences in the leucocyte (sub)population between high and low PCB/dioxin exposed 
infants, all values were within the normal range. Moreover, subtle changes in the number of 
blood leucocytes do not simply mirror alterations in the cell composition of lymphoid and 
non-lymphoid organs, nor do they simply reflect functional defects. In children bom to 
accidentally highly exposed women, in the Yucheng incident, an increased incidence of respi
ratory symptoms was found"'. The Inuit infants whose mothers have elevated levels of 
PCBs and dioxins in their breast-milk, experienced more episodes of acute otitis media at 3 
to 6 months of age'". In a prospective longitudinal study of background PCB exposure in the 
USA, however, there was no adverse effect on the frequency of physician visits for various 
illnesses'".The magnitude of the above described changes in the immune status of back
ground exposed infants associated with prenatal PCB/dioxin exposure, as compared with 
accidental high exposure, might be too subtle to induce these clinical symptoms. There are. 
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however, some limitations to our health questionaire. The number of periods with rhinitis, 
bronchitis, tonsillitis and otitis was counted during the first 18 months of life. No 
subdivision in shorter time periods was made. This might be the reason that we did not find 
a relationship between the number of respiratory infections and the leucocyte 
(sub)populations under study. There was, however, a significant relationship between the 
antibody levels and the number of CD8-I- (cytotoxic) and TCR76 T-lymphocytes at 18 
months of age. Therefore one might speculate that the lower numbers of monocytes and 
granulocytes at the age of 3 months could have resulted in more (subclinical) infections 
during the first months of life and in an increase in the number of CDS-)- (cytotoxic) T-cells 
therafter. 

In conclusion, background levels of PCB/dioxin exposure influences the human fetal and 
neonatal immune system. Although there is no evidence of clinical symptoms or direct 
changes in the humoral immunity response in infancy and the results of the white blood cell 
counts and immunological marker analyses were all within the normal range, the described 
changes in the T-cell lymphocyte population could persist into later child- or adulthood and 
could presage difficulties, like immune suppression, allergy or autoimmunity '". Follow-up 
of these children to adulthood is therefore needed. In the mean time the prevention of further 
environmental and food chain contamination is essential, along with their monitoring in 
various commodities. 
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