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Urinary Tract Diseases Revealed after DTP Vaccination
in Infants and Young Children

Cytokine Irregularities and Down-regulation of Cytochrome P-450 Enzymes
Induced by the Vaccine May Uncover Latent Diseases in Genetically
Predisposed Subjects

Joseph Prandota*

Prophylactic vaccinations may sometimes shorten the incubation period of some illnesses and/or
convert a latent infection/inflammation into a clinically apparent disease. Cytokines play a major
role in mediating the inflammatory process in various clinical entities and represent a potential
source of tissue damage if their production is not sufficiently well controlled. It seems that irregu-
larities in production of proinflammatory cytokines may be responsible for the abnormalities as-
sociated with full-blown clinical symptoms of various urinary tract diseases observed after DTP
vaccination in 13 infants and young children hospitalized over the past 24 years. On admission,
upper respiratory tract diseases, atopic dermatitis, and/or latent urinary tract infection/inflam-
mation were found in these children. It is suggested that the whole-cell pertussis present in DTP
vaccine, acting as an excessive stimulus in these patients, produced symptoms reminiscent of
biologic responses to circulating proinflammatory monokines such as IL-18, TNF-o, and IL-6 be-
cause earlier it was reported that in vitro the whole-cell vaccine induced significantly more such
cytokine production than did the acellular pertussis or diphtheria-tetanus-only vaccine. Analysis of
the cellular immune disturbances previously reported in urinary tract infection/inflammation (in-
creased serum and/or urinary IL-la, IL-1 receptor antagonist, IL-6 and IL-8), steroid-sensitive
nephrotic syndrome (increased IL-2, IFN-y, TNF-o, and decreased or increased IL-4, depending on
the cells studied), and atopic dermatitis (decreased IFN-y and increased IL-4 production), may
suggest that similar subclinical chronic cytokine-mediated abnormalities produced in the course of
latent diseases revealed in our patients, combined with those caused by DTP vaccination stimulus,
were responsible for the pathomechanism of these clinical entities. This speculation is in agreement
with the reports on the long-lasting induction of cytokine release and down-regulation of hepatic
cytochrome P-450 isoenzyme activities after administration of DTP vaccine to mice and may be
supported by the fact that T;1 phenotype is associated with the up-regulation of intercellular
adhesion molecule-1 and RANTES, whereas T2 phenotype is associated with the up-regulation of
the vascular cell adhesion molecule and P-selectin, which are key players in the migration into
inflamed tissues and localization of lymphocytes and other allergic effector and inflammatory cells.
Because several inflammatory cytokines down-regulate gene expression of major cytochrome P-450
and/or other enzymes with the specific effects on mRNA levels, protein expression, and enzyme
activity, thus affecting the metabolism of several endogenous lipophilic substances such as steroids,
lipid-soluble vitamins, prostaglandins, leukotrienes, thromboxanes, and exogenous substances,
their irregularities in the body may eventually lead to the flare of latent diseases in some predis-
posed subjects. Also, interleukin genetic polymorphisms, especially the constellation of TNF-a and
IL-6 genetic variants, might predispose some infants with infection to a more than usually intense
inflammatory response in the kidneys after vaccination. It seems that the aforementioned patho-
mechanism may also be responsible for some cases of sudden infant death syndrome, which is often
preceded by infection/inflammation.
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INTRODUCTION

In 1967, Wilson! argued that, in some instances, im-
munization could shorten the incubation period of
some diseases or convert a latent infection/inflam-
mation into clinically apparent disease. The necessary
precondition for such an occurrence is the presence of
latent infection or asymptomatic colonization. In a co-
hort of 64,591 children who received a diphtheria and
tetanus toxoids and pertussis (DTP) immunization,
Griffin et al” identified a total of 158 episodes of inva-
sive bacterial infections, yielding an incidence of 394
infections per 100,000 persons. Eight of these infec-
tions occurred within the first 7 days after any DTP
immunization, and there were 35 cohort children who
had an invasive bacterial infection within 28 days of
immunization. In another population-based, case-
control study (218,000 children 1-24 months of age;
estimated 368,000 DTP immunizations), 424 con-
firmed cases of neurologic illnesses were identified,’
whereas in a large cohort of 22,505 infants who re-
ceived a DTa (acellular)P vaccine, 153 serious adverse
events were reported, including 7 cases of sudden in-
fant death syndrome (SIDS).* Although Griffin et al®
believed that there is no early large increased risk of
serious bacterial infections, an association between
DTP immunization in the previous 30 days and the
occurrence of SIDS was reported,” and a statistical dif-
ference between vaccination status of SIDS cases and
controls younger than 3 months was found.® More-
over, recent findings from animal and human studies
confirmed that DTP vaccination increased the risk of
allergies and related respiratory symptoms in children
and adolescents”® and caused reactive arthritis and
immunovasculitis with cardiovascular shock” and
panarteritis nodosa (after DT vaccination).'”

In Poland, DTP vaccination is recommended in chil-
dren 2-3 months of age, and 3 doses at approximately
6-week intervals are administered; a booster dose of
DTP is given at 19-24 months and boosters of DT at 6
and 14 years." During the past 24 years, we observed
13 children of ages 3-65 months who were admitted to
the hospital because of full-blown symptoms of uri-
nary tract diseases that developed a few hours to 10
days after the first or subsequent DTP vaccination.
Analysis of the cellular immune disturbances that oc-
curred during the subclinical course of the diseases

found in our patients, ie, urinary tract infection (UTI),
pyelonephritis, steroid-sensitive nephrotic syndrome
(NS), and atopic dermatitis (AD), may suggest that
cytokine-mediated abnormalities, coming not only
from T-helper (Th) lymphocyte subsets, but also from
multiple other leukocytes and even nonhematopoietic
cells superimposed on those evoked by the DTP vac-
cination stress and immunologic stimulus, were re-
sponsible for the pathomechanism of these clinical en-
tities and flare of clinical symptoms. The purpose of
this work was to present the data that cytokine irregu-
larities induced by the vaccine may uncover latent dis-
ease, especially in genetically predisposed subjects.

MATERIALS AND METHODS

Patients

The patient population consisted of 13 children, ages
3-65 months (7 boys, 6 girls), collected over the past 24
years who have been admitted to Korczak Memorial
Children’s hospital because of different full-blown
clinical symptoms a few hours to several days after the
first or subsequent DTP vaccination (Table 1).

Methods

The diagnosis of UTI was based on significant bacte-
rial growth in urine (>100,000 colony-forming
units/mL) with or without pyuria (>5 white blood
cells per high-power field) obtained by fresh and clean
midstream voided urine specimens. Febrile UTI was
defined as a positive urine culture in a child seen at
the emergency department presenting with a fever
(>38°C) in whom a urine culture was part of the
workup. For each patient, only the first positive urine
culture was included.'*'® The diagnosis of pyelone-
phritis was based on clinical, laboratory, ultrasono-
graphic, intravenous urography, and/or cystoure-
thrography data obtained. The criteria for diagnosing
NS were those proposed by the International Study on
Kidney Disease in Children.'* All children had stan-
dard ultrasonography of the urinary tract performed
with the patient in the supine and prone positions
within 1-2 days of admission, and, when necessary,
some of them had voiding cystourethrography per-
formed according to a standard procedure to detect
the vesicoureteral reflux (VUR). The indications for
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Table 1. Clinical and laboratory data of children with urinary tract diseases revealed after DTP vaccination

DTP vaccination

dose; time from Laboratory,
Patient vaccination to ultrasonographic,
Age (mo)/ history/physical apparent Clinical symptoms and voiding
Pt. gender examination findings clinical symptoms before admission cytourethrographic data
1 3/M Syncope 1 mo earlier 3rd; 5 h Syncope, tachycardia ESR 50/h, UTI, pyuria,
bilateral VUR
2 3/M 9 pts Apgar, unrest 3 2nd; 8.5 h Dysuria, unrest, ESR 21/h; CRP 40.7
wk earlier, atopic crying, bending mg/L, WBC 22.3 x
dermatitis legs, fever 38°C, 10%L, PLT 536 x 10%L,
right OM, urethritis, serum K* 5.89 mmol/L,
rhino UTI, pyuria
3 4/M Dysuria from 2 mo, 2nd; 4d Vomiting, fever 39°C, ARF (C,, 30 mL/min),
atopic dermatitis brown urine UTI, pyelonephritis,
bilateral VUR, BP
160/100 mm Hg, Hb
0.93 mmol/L, WBC
16.2 x 10%L, pyuria,
erythrocyturia
4 4/F 9 pts Apgar, 2nd; 2 h Edema of legs, ESR 15/h, Hb 1.66
right-sided lower dysuria, fever 38°C, mmol/L, WBC 16.8 x
tonus of muscles unrest, cyanosis 10%L, PLT 487 x 10%L,
from 1 mo of age from 2 wk during CRP 44.6 mg/L, IgG
rehabilitation with 0.69 g/L (n = 1.9-8.6);
Vojta method IgM <0.17 g/L (n =
0.25-1.2 g/L), UTI,
pyuria
5 5/F UTI and pyuria at 2 3rd; few hours Vomiting, fever 40°C ESR 25/h, UTI, left VUR,
mo of age pyuria
6 b/F 8 pts Apgar 2nd; 10 d Fever, dysuria, unrest ESR 5/h, serum K* 5.88
mmol/L, bilateral VUR,
right renal pelvis and
ureter duplex, UTI,
pyuria
7 5/M Atopic dermatitis 1st; 6 d Green, watery stools ESR 7/h, UTI, pyuria
with mucus
8 7/M Atopic dermatitis, UTI 3rd; 4.5 h Temp. 38.9°C, unrest, ESR 20/h, CRP 28.8
at 3 mo of age groaning, urethritis, mg/L, WBC 15.7 x
rhino, right OM 10%L, serum K* 4.01
mmol/L, UTI, pyuria
9 20/F 8 pts Apgar 2nd; few hours Temp. 38°C, ESR 37/h, UTI, pyuria
pharyngitis
10 21/M Purulent tonsillitis 4th; few hours Edema of the ESR 90/h, UTI, pyuria
twice in the last extremities, ascites
month
11 21/F Purulent tonsillitis 4th; 3 h Drowsiness, perioral ESR 15/h, UTI, pyuria
cyanosis
12 24/F Atopic dermatitis 4th; 4 d Oliguria, and NS with ARF, pyuria
generalized edema
13 65/M SSNS, atopic 5th; 7 d Pharyngitis First proteinuria 2.1 g/L,
dermatitis and then full-blown

symptoms of SSNS

SSNS, steroid-sensitive nephrotic syndrome; GLN, glomerulonephritis; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein;
WBC, white blood cells; PLT, platelets; BP, arterial blood pressure; rhino, rhinopharyngitis; OM, otitis media.
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reflux examination were ultrasonographically diag-
nosed dilation of the urinary pelvicaliceal system and
sometimes UTI/pyelonephritis. On admission, the ar-
terial blood pressure, hydration state (estimated clini-
cally and with hematocrit value), and kidney function
of the patients (blood urea, serum creatinine, C,,),
were normal, except for patients 3 and 12 who had
clinical and laboratory data characteristic of acute re-
nal failure (ARF).

DTP vaccine

All children received DTP vaccine (reg. no R/0037;
Biomed SA, Cracow, Poland) containing 25 Lf of diph-
theria toxoid, 10 BU of tetanus anatoxin, and up to 20
billion of Bordetella pertussis rods (Cohen-Wheeler
semisynthetic breeding-ground culture) killed with
formaldehyde, adsorbed onto 0.7 mg aluminium hy-
droxide; thiommersal was added as a preservative up
to 0.01%, and isotonic sodium chloride up to 0.5 mL.
This composition of the vaccine was in agreement
with the WHO requirements. Analysis of 13.34 chil-
dren who received 2520 doses of this vaccine showed
that only 1 child with concomitant AD and upper re-
spiratory tract infection had postvaccination compli-
cations manifested as urosepsis.'>

RESULTS

Patient history, admission physical examination find-
ings, clinical symptoms, and some laboratory data of
the patients are presented in Table 1. Eight of 13 pa-
tients were infants 3-7 months old (5 boys, 3 girls), 4
other children were of ages 20-24 months and 1 child
was 65 months old. On admission, 4 of 13 children had
a decreased Apgar score at birth, 6 had AD, 2 had
purulent tonsillitis, and 8 children already manifested
different clinical symptoms 3 weeks to a few months
before hospitalization (patients 3, 5, and 8 had clinical
symptoms of the underlying urinary tract disease 2-5
months before admission, and patient 13 had remis-
sion of NS and was not receiving prednisone).

Almost all children had UTI and pyuria. In patient
7, UTI and pyuria were observed 6 days after the first
DTP injection, 5 other children had clinical symptoms
after the second vaccination, whereas other patients
became ill after the third or fourth dose of DTP vac-
cine. Patient 13 with NS and AD had pronounced pro-
teinuria after the fifth dose of DTP, and during the
next few days, he showed all the characteristic clinical
and biochemical symptoms of relapsing steroid-
sensitive NS.

Eight of 13 children showed clinical symptoms of
disease 2-8.5 hours after DTP vaccination, and in other
patients, it took 4-10 days before the symptoms
started to manifest. In patients 1 and 11, the clinical
symptoms were very serious, resembling shock. In
patients 1 and 5, voiding cystourethrography showed
the presence of VUR; despite that, pyuria was not
very pronounced.

The majority of the patients presented with labora-
tory results indicating an advanced inflammatory pro-
cess taking its course after DTP vaccination (8 of 13
children had increased erythrocyte sedimentation
rate, 4 of 13 and 2 of 13 patients had leukocytosis
and/or increased platelet counts, respectively, and 3
of 13 children had an increased serum C-reactive pro-
tein concentration. Patient 9 had marked immunologic
abnormalities: phagocytosis, 67% (n = 90%-100%);
early T lymphocytes, 38% (n = 25-40); late T lympho-
cytes, 65% (n = 70-80); B lymphocytes, 34% (n = 20%-—
30%); total number of T lymphocytes, 1099 cells/mm?>
(n = 1350-5915); total number of B lymphocytes, 575
cells/mm? (n = 550-1690).

Patient 3 was strikingly pale on admission, and his
laboratory results were characteristic of ARF (blood
urea, 88 mg/dL; serum creatinine, 101.7 pmol/L),
which developed in the course of acute pyelonephritis
(confirmed by intravenous urography), and bilateral
VUR. After 7 days of treatment, proteinuria, erythro-
cyturia, and pyuria ceased, and his C,, increased from
30 to 41 mL/min. The patient’s laboratory data and
arterial blood pressure became normal after 3 weeks of
therapy, and he was discharged home.

In patient 12, oliguria was observed on the fourth
day after DTP vaccination, and she was hospitalized 3
days later. On admission, the girl was in a poor con-
dition; her BP was 130/95 mm Hg, and her clinical
symptoms and laboratory results met the criteria of
renal insufficiency and full-blown NS. Histopatholog-
ic abnormalities found in the renal biopsy specimen
were characteristic of minimal change NS or prolifera-
tive glomerulonephritis in the phase of recovery. After
7 days of treatment with prednisone, proteinuria
ceased, and the symptoms of renal insufficiency dis-
appeared. Her biochemical data normalized by the
sixth week, and after 9 weeks of hospitalization, the
child returned home.

DISCUSSION

In our patients, the first or subsequent DTP vaccina-
tion revealed latent UTI with or without VUR, pyelo-
nephritis, sometimes complicated by ARF, and/or NS.
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Some patients already had clinical symptoms of the
underlying urinary tract disease 2-5 months before
hospitalization; a few were vaccinated while having
an upper respiratory tract disease. Many of them had
clinical symptoms of AD, and 4 had a decreased Ap-
gar score. Urine examination on admission showed
that almost all children had UTI and pyuria. The de-
velopment of urinary tract diseases after the vaccina-
tion may be a coincidence in our patients, yet the tim-
ing strongly favors immune-mediated side effects of
vaccination, especially that cytokine-mediated abnor-
malities in lymphocyte, monocyte, and/or other cell
functions were reported in all these clinical entities
and after DTP vaccination.

DTP vaccination and production of cytokines and
down-regulation of liver cytochrome
P-450 activities

The pathophysiology of adverse clinical events some-
times occurring after DTP vaccination is not well un-
derstood. Active pertussis toxin in DTP vaccine has
been proposed to induce these severe reactions. In ani-
mal models, large doses of pertussis toxin caused hy-
perinsulinemia and hypoglycemia as well as leukocy-
tosis with a predominant lymphocytosis.' In 56 chil-
dren who experienced severe reactions after DTP
immunization, leukocytosis with neutrophilia were
also observed acutely compared with follow-up per-
formed approximately 1 month later.'®!” Because cy-
tokines play a major role in mediating the inflamma-
tory process in various clinical entities'® and also rep-
resent a potential source of tissue damage if their
production is not sufficiently well controlled, it is pos-
sible that they may also provide a key to the under-
standing of these abnormalities. It is known that the
immunoregulatory cytokines IL-2, IFN-y, and TNF-3
constitute the type 1 (Ty1) cytokine response, and the
cytokines IL-4, IL-5, IL-6, IL-8, IL-10, and IL-13 consti-
tute the type 2 (Ty2) cytokine response.'® Blood-
Siegfried et al*® suggested that whole-cell pertussis
present in DTP vaccine can produce symptoms remi-
niscent of biologic responses to circulating proinflam-
matory monokines such as IL-1B, TNF-o, and IL-6,
and found that in vitro whole-cell vaccine induced
significantly increased production of these cytokines
than did the acellular pertussis or diphtheria-tetanus-
only vaccine. They suggested that although pertussis
endotoxin was a major inducer of IL-6, other compo-
nents of B. pertussis also contributed to this cytokine
production by monocytes.” In other studies per-
formed on infants, antigen-stimulated peripheral
blood mononuclear cells of responsive whole-cell per-
tussis vaccine recipients were characterized by el-

American Journal of Therapeutics (2004) 11(5)

Prandota

evated production of IFN-vy (which inhibits the growth
of T2 cells) and IL-2, low to minimal production of
IL-5, and no production of IL-4.'** Absence of type 2
cytokines and low levels of constitutive IFN-y produc-
tion were reported in prevaccination children.*! Stud-
ies in mice showed that the administration of whole-
cell DTP vaccine caused dose- and time-dependent
marked increases in the hepatic mRNA expression of
IL-6, IL-1, and TNF as well as a significant depression
for about 7 days in the expression of mRNA and ac-
tivities of liver isoenzymes of cytochrome P-450.2%72¢
Both spleen and liver weights in mice were increased
for 7-14 days after DPT vaccination, and histopatho-
logic tissue examination showed random multifocal
inflammation with hepatocyte necrosis.”® DTP vaccine
also caused marked induction of IFN-y coincident
with the maximal inhibition of CYP-450 levels* and
increased inducible nitric oxide synthase mRNA ex-
pression, claimed by some authors as being respon-
sible for the down-regulation of cytochrome P-450 en-
zymes.” Finally, it must be added that DTP vaccina-
tion is usually accompanied by stress reactions'®'” in
which there is an increased level of circulating adrena-
line and corticosteroids followed by an elevated
plasma concentration of I1L-6.°*> Since IL-6 has the
acute phase protein nature*®*>* and manifold biologic
functions involved in the immune and inflammatory
responses of the host to various stimuli,'®' it is likely
that this proinflammatory cytokine increased produc-
tion is associated with disturbances of homeostasis,
such as an excessive intensity of inflammatory reac-
tions of our patients both to injection of the vaccine
and a latent infection/inflammation.**>*

UTI and/or pyelonephritis

All our patients had underlying latent UTI, VUR,
and/or pyelonephritis, and it is known that bacteria
causing UTI infection stimulate an inflammatory re-
sponse in the individual. IL-6 and IL-8 have been
found in increased concentrations in the serum and
urine of children and adults with UTI and asymptom-
atic bacteriuria.®>** During the acute phase of UTI,
IL-6 serum levels increased markedly in these children
who later developed chronic pyelonephritis compared
with those who did not show any renal damage on
scintigraphy at the time of establishing a diagnosis.””
Moreover, other studies®>*3 showed that in children
with febrile UTI and pyelonephritis, urinary IL-6 and
IL-8 concentrations were elevated (as well as IL-1a
and IL-1ra, IL-1 receptor antagonist*’) compared with
controls and statistically correlated with urine white
blood cells*; higher IL-8 values were observed in pa-
tients with pyelonephritis who were younger than 1
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year of age.”” The magnitude of urinary IL-8 response
was associated with hemolysin production, a bacterial
virulence factor of Escherichia coli. All these data indi-
cate that IL-6 and IL-8 may be mediators of inflamma-
tion in children with febrile UTL>® An abnormal pro-
duction of IL-6 has been suggested to be involved in
the pathogenesis of a variety of diseases, such as mes-
angial proliferative glomerulonephritis, rheumatoid
arthritis, and several autoimmune diseases.*! This
acute phase cytokine (known also as IFN-8,) is pro-
duced early in inflammation by fibroblasts, mono-
cytes, and other cells (shortly after IL-1 and TNF-a)
and displays several proinflammatory properties (eg,
maturation and activation of neutrophils, increased
expression of IL-1 and TNF-a).'®** Leukocyte protein-
ase, in turn, can degrade connective tissue proteins
and may also be involved in other processes including
inflammatory reactions.**** The biosynthetic activity
of neutrophils must also be considered an important
source of cytokines during acute infection since they
may comprise up to 70% of the circulating pool of
leukocytes. The other cytokine, IL-8, is produced by
macrophages (together with IL-1, IL-6, and TNF-«)
and endothelial cells soon after infection or tissue in-
jury, and it was found that neutrophils not only re-
spond to IL-8 but also are capable of synthesizing
IL-8 and other chemokines under the appropriate
conditions.'® Finally, it must be added that the con-
stellation of TNF-a and IL-6 genetic variants might
lead to an enhanced inflammatory response in the kid-
neys, sometimes resulting in ARF, especially in infants
with infection.*®

Nephrotic syndrome

Various lymphokines have been implicated in the
pathophysiology of NS. NS is frequently associated
with allergic symptoms such as AD, bronchial asthma,
allergic rhinitis, urticaria, eczema, hayfever, poison
ivy, pollen hypersensitivity, and elevated serum IgE
levels and IL-4, with the IgE correlating with IL-4 lev-
els and the degree of proteinuria correlating with the
IL-4 concentration.*”*® Relapse is frequently preceded
by immunologic stimuli, including viral infections,
vaccinations (DTP/hepatitis B vaccine), and bee
stings,**~>* which would stimulate sensitized lympho-
cytes to produce a number of highly active cytokines
causing an imbalance of circulating humoral fac-
tors.”>™® In the supernatants of CD4* T-cell cultures
obtained from children with NS aged 2-9 years (at this
age, the immune response is strictly dependent on the
activity of the thymus) and stimulated by autologous
monocytes presenting tetanus toxoid, Stachowski et
al® found decreased synthesis of IL-2, IL-10, and
IFN-y compared with healthy controls. Other authors

who investigated patients 2-15 years old also reported
cytokine-mediated abnormalities in lymphocyte and
monocyte function, such as an increase in the number
and function of Tyl cells producing large amounts of
IL-2 and IFN-vy, while IL-8 levels were decreased,**>°
demonstrated elevated levels of IL-2, IL-4, and IFN-y>*
or found a decreased release of IL-10 by monocytes.*
Also, a marked increase in serum TNF-a in patients
with NS has been reported.®’* All these cytokine ab-
normalities may have clinical consequences because,
for example, IL-2 induces production of IFN-y and
TNEF-B, which results in activation of monocytes, neu-
trophils, and natural killer cells, while IL-10 inhibits
proinflammatory cytokine production by activated
monocytes/macrophages and has a potent stimula-
tory effect on B cells, especially with respect to anti-
body production.'® Moreover, IFN-y promotes Ty;1 re-
sponses and inhibits T2 responses, and its priming
and activation of macrophages lead to enhanced pro-
duction of proinflammatory cytokines in response to
several stimuli.'® On the other hand, long-term remis-
sion of NS appears to be related to increased T2 cy-
tokine production, down-regulating Ty1 cytokines
and cytotoxic cells.”

Falus et al®® suggested that a local tissue imbalance
in the ratio of IL-1, IL-6, and TNF-« in different patho-
logic cases might influence the sensitivity of lympho-
cytes, monocytes, and hepatocytes as target cells to
glucocorticosteroids. The inflammatory cytokines IL-
1, IL-6, and TNF-a cause an increase in glucocortico-
steroid binding in human lymphoid, monocytoid, and
hepatoma cell lines and markedly increased the level
of glucocorticosteroid receptors.®* The study by
Ramirez et al®> showed that the exposure of the puri-
fied rat CD4" cells to glucocorticosteroids promoted
the Ty2 response (ie, increased mRNA levels of
IL-4, IL-10, and IL-13), whereas inhibited the Ty;1 re-
sponse (the synthesis of IFN-y and TNF-a was de-
creased). Moreover, it appeared that IL-4 potentiated
the effect of dexamethasone,®® while IL-2 production
may be inhibited by an excess of IL-4 and IL-10.”
One may, therefore, suggest that chronic exposition to
prolonged UTI infection and atopic inflammation may
sometimes lead to a serious Tyy1/Ty2 cytokine imbal-
ance in the body and result in a diminished levels of
endogenous corticosteroids because of increased re-
quirements and metabolic turnover of these impor-
tant endogenous substances, finally revealing NS
in a genetically predisposed subject.®® This may be
supported by the fact that several inflammatory
cytokines down-regulate gene expression of major cy-
tochrome P-450 and/or other enzymes with the spe-
cific effects on mRNA levels, protein expression, and
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enzyme activity, thus affecting the metabolism of sev-
eral endogenous lipophilic substances, such as ste-
roids, lipid-soluble vitamins, prostaglandins, leuko-
trienes, thromboxanes, growth hormone, and exog-
enous substances.®” %

Atopic dermatitis

Exposure to microbial stimuli during early childhood
can influence the induction and expression of atopic
disease.”’ In virtually all newborn infants, they are
polarized toward T2 responses to common environ-
mental allergens, comprising IL-4, IL-5, IL-6, IL-9, and
IL-13, and are dominated by a high level of production
of IL-10.”" This Ty2 polarization may be more pro-
nounced and long-lasting in children with the atopic
genotype. The failure of this immune-deviation pro-
cess is associated with decreased capacity to produce
the Ty1 cytokine IFN-vy,”%> which is much lower in fetal
T cells than in adults and increases progressively from
birth to 5 years of age,”> when compartmentalization
of allergen-specific T-cell immunity into adult-
equivalent Tyl rather than T2 patterns occurs in
most children.”* Decreased IFN-y and increased IL-4
production reported in atopics may contribute to in-
creased IgE synthesis and eosinophilia characteristic
of this clinical entity.”” In contrast, nonatopic people
show mainly Ty1 immunity characterized by produc-
tion of IFN-vy, which is known to inhibit the growth of
Ty2 cells.”? It must be emphasized that the increased
production of IL-4 found in patients with AD”> may
also indicate that the protracted inflammatory and im-
munologic processes are running their course in these
patients because it is known that this cytokine has the
striking ability to suppress many monocyte proin-
flammatory responses such as IL-18, TNF-a and -B,
IL-6, and IFN-v.187677

In AD, the expression of Ty2-skewed immunity
against antigens present in the normal environment is
recognized as the primary cause of allergic inflamma-
tion. DTP or tetanus vaccination appears to increase
the risk of allergies and related respiratory symptoms
in children and adolescents.” Recent findings suggest
that a hallmark of the atopic phenotype is the reduced
capacity to respond to vaccine antigens as well as en-
vironmental allergens during infancy. This deficiency,
which is most marked for IFN-vy, appears transient but
can result in a long-lasting imbalance within T-helper
cell memory responses to allergens.”® Prescott et al”
measured mononuclear cell proliferative and cytokine
responses to specific allergens and TT in blood
samples from atopic and nonatopic infants every 6
months from birth to 2 years of age. Samples from 18
atopic and 13 nonatopic infants showed low-level,
Ty2-skewed, allergen-specific responses at birth, with
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little accompanying specific IFN-y production. In the
atopic group, neonatal T2 responses were signifi-
cantly lower for IL-4, IL-6, IL-10, and IL-13 than in the
nonatopic group. There was rapid suppression of Ty;2
responses during the first year of life in nonatopic
children, but there was consolidation of responses in
atopic children associated with defective neonatal
IEN-y production. It is believed that the continua-
tion of fetal allergen-specific Ty;2 responses during in-
fancy is a defining feature of the inductive phase of
atopic disease and is associated with a decreased ca-
pacity for the production of the Ty;1 cytokine IFN-y by
atopic neonates.””> Also, it appeared that peripheral
blood mononuclear cells from the atopic 6-year-old
children produced higher levels of Ti;1 and T2 cyto-
kines to house dust mite antigens and phytohemag-
glutinin (mitogen).”® Recently, it was reported that
Ty0/Ty2-type responses predominate in the skin of
patients with AD, and high levels of soluble CD30
were detected in the serum that correlated with dis-
ease activity.”” Because CD30 is a member of the TNF
receptor family, which is preferentially expressed by T
cells producing Ty;2-type cytokines,* it may indicate
that excessive signaling leading to enhanced produc-
tion of proinflammatory mediators cause chronic al-
lergic inflammatory reactions and tissue injury in
these patients.

Summary

It seems that in some young children with upper re-
spiratory tract infection and/or AD, DTP vaccination
acting as an excessive stimulus may convert a latent
urinary tract disease into an apparent illness because
of the chronic migration of helper T-lymphocyte sub-
sets into inflamed tissues” and steady enhanced pro-
duction of proinflammatory cytokines that result in a
local cytokine milieu imbalance leading to subclinical,
sometimes allergic, protracted inflammation and en-
hanced bacterial growth and finally to the flare of dis-
ease symptoms. This scenario is in agreement with
the reports on the induction of cytokine release and
depression of hepatic mRNA levels of cytochrome
P-450 isoenzymes after administration of DTP vaccine
to mice*>*° (similar abnormalities were suggested
previously to act as triggering factors in eliciting also
several other diseases® °’) and may be supported by
the fact that Ty;1 phenotype is associated with the up-
regulation of intercellular adhesion molecule-1 and
RANTES, whereas T2 phenotype is associated with
the up-regulation of vascular cell adhesion molecule
and P-selectin, known as the key players in tissue lo-
calization of lymphocytes and other allergic effector
cells.®" Finally, genetic polymorphisms of TNF-a and
IL-6 may also predispose some infants with infection
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to a more than usually intense inflammatory response
in the kidneys after vaccination.** Polymorphism in
some genes of the host immune system is associated
with susceptibility to infections and, in contrast, using
vaccines as probes of the immune system is a novel
means of identifying disease susceptibility genes.®
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