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Abstract.

We investigated serum total immunoglobulin E (IgE), IgG, and IgG1 levels in patients with and without

echinococcosis-induced anaphylactic shock. This was a case-control study of 11 patients with echinococcosis-induced
anaphylactic shock and 22 echinococcosis patients with cyst rupture but without anaphylactic shock. Blood was collected
before surgery (TO0), at the time of cyst rupture (T1), and shock (Tx), 1 h (T2), 1 day (T3), and 1 week (T4) after cyst
rupture. Serum IgE, IgG, and IgG1 were determined by enzyme-linked immunosorbent assay. Serum IgE, IgG, and
IgG1 levels were significantly higher in patients who developed anaphylactic shock at all time points. Increased pre-
surgical IgG and IgG1 levels were identified to be a significant risk factors for developing anaphylactic shock. The results
showed that a serum IgG concentration of 312.25 pg/mL could be used as a cut-off point to predict whether an

echinococcosis patient would develop anaphylactic shock.

INTRODUCTION

Cystic echinococcosis (CE) infection remains very common
in large parts of the world despite improved preventive and
therapeutic measures.! Anaphylactic shock that can result
from echinococcosis cyst rupture either during surgery or
caused by trauma or spontaneous cyst rupture is a severe
complication with an incidence of about 4.6% of CE cases.
Echinococcosis-induced anaphylactic shock usually develops
rapidly and inappropriate treatment may lead to detrimental
consequences and even death.” Clinical observations indicate
that echinococcosis patients who are susceptible to anaphy-
lactic shock have a unique immune status.

The anaphylactic shock that results from cyst rupture is
different from type I hypersensitivity in its clinical magni-
tude and immunological features. In addition, patients with
echinococcosis-induced anaphylactic shock usually have poor
responses to treatments for type I hypersensitivity.®> Indeed,
these treatments may even result in a poor prognosis for these
patients, which pose significant difficulties for its clinical pre-
vention and treatment. Thus, a clinical method to determine
which CE patients are at risk for developing anaphylactic
shock subsequent to cyst rupture is critical.

Previous studies have examined the dynamic changes in
echinococcus antigen-specific immunoglobulin G (IgG)
subtypes during different clinical stages of echinococcosis,
although these results were not useful for predicting the
possibility of anaphylaxis.* To clarify the pathogenesis of
echinococcosis-induced anaphylactic shock, we analyzed the
serum levels of total IgE, IgG, and IgG1 both during and after
anaphylactic shock and compared these to echinococcosis
patients without shock after cyst rupture.

*Address correspondence to Hong Zheng, Department of Anesthesi-
ology, First Affiliated Hospital of Xinjiang Medical University, Urumgqi
830054, People’s Republic of China. E-mail: hanlihanyun@sina.com
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MATERIALS AND METHODS

Patients. This was a case-control study that was approved
by the Ethics Committee of the First Affiliated Hospital of
Xinjiang Medical University. Eleven consecutive patients
with echinococcosis-induced anaphylactic shock in the peri-
operative period were recruited from January 2008 to March
2010 (Shock group). We also included echinococcosis patients
without anaphylactic shock after cyst rupture (N = 22) as the
Control group. The patients in the Shock group were matched
with those in the Control group at a ratio of 1:2 by cyst types
and age. All patients provided written informed consent.

The Shock group included patients with echinococcosis of
the liver or lung who developed anaphylactic shock after cyst
rupture during surgery. The Control group included patients
with echinococcosis of the liver or lung who did not develop
anaphylactic shock after cyst rupture during surgery.

Patients with the following conditions were excluded from
this study: 1) had concomitant infections; 2) developed ana-
phylactic shock caused by drugs, other parasites, or specific
allergic diseases; 3) refused to participate in this study.

Criteria for the diagnosis of anaphylactic shock. The fol-
lowing criteria were used to diagnose anaphylactic shock’:
1) Echinococcosis patients who previously had a negative skin
prick test results to general antigens not related to echinococ-
cus (patients were also screened for these antigens 1/2 hour
before cyst surgery); 2) developed rapid decrease in blood
pressure to < 80/50 mm of Hg (or systolic pressure was
decreased by > 30%) at several minutes or hours after cyst
rupture; and 3) before or concomitant with anaphylactic
shock, patients usually had allergy-related symptoms, includ-
ing high airway pressure, skin redness, itching, and subse-
quent massive urticaria and/or angioneurotic edema.

Methods used during surgical cyst removal. Cystic echino-
coccosis type I and type II were classified according to the
criteria of Caremani and others.® This is an ultrasonographic
classification. Type I, Simple CE: a) overall echo free; b) with
fine echoes. Type II, Multiple CE: a) multiple contiguous
cysts; b) multi-septated with rosette, honey-comb, or wheel-
like pattern. Pulmonary echinococcosis does not have its own
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classification and is usually classified according to the criteria
for hepatic echinococcosis. Pulmonary echinococcosis is often
monocystic, and may also be ruptured or calcified.

At the time of surgery, the surgeon performing the procedure
was blinded to all blood test results. Anesthesia was induced
with midazolam (0.02-0.05 mg/kg), fentanyl (1-2 pg/kg),
and vecuronium (0.1-0.15 mg/kg). Propofol (1-4 pg/mL) was
used for anesthesia maintenance. Fentanyl was continuously
administered (1-3 pg-kg-hr!) and fentanyl (5-10 pg) and
vecuronium were given intermittently. At 30 min before the
end of surgery, fentanyl injection was discontinued. As a sur-
geon removed the cyst, sterile gauze was wrapped around the
cyst to avoid the contents from spilling out. When there was
high tension in the cyst, a syringe was used to remove part of
the cyst fluid. Cyst rupture and fluid spillage were observed
by naked eye. After surgery, patients were allowed to recover
in the post-anesthesia care unit (PACU).

Based on the criteria for the diagnosis of anaphylactic
shock, shock and anaphylactic shock because of other causes
were excluded. Patients were grouped according to whether
anaphylactic shock was present.® Venous blood was obtained,
kept at room temperature for 4 hr, and then centrifuged
at 3,000 rpm for 10 min. The supernatant was added to an
Eppendorf tube and stored at —80°C for later use.

Time points. For both groups of patients, venous blood was
obtained before surgery (T0), immediately after cyst rupture
(T1), 1 hr after cyst rupture (T2), 1 day after cyst rupture (T3),
and 1 week after cyst rupture (T4). Additionally for shock
patients, venous blood was obtained immediately after the
onset of shock (Tx).

Serum antibody determinations. We used enzyme-linked
immunosorbent assay (ELISA) kits to determine the levels
of serum IgE, IgG, and IgG1. ELISA kits (No. 200909) were
from R&D Systems, Inc. (Minneapolis, MN). One day before
analysis, the frozen blood samples were warmed at 4°C.
Determinations for serum antibody levels were done
according to the assay kit manufacturer’s instructions. Optical
density was measured at 450 nm and the background optical
density was subtracted. Standard curves were generated using
standards provided with the ELISA kits and used to calculate
serum concentrations of IgE, IgG, and IgG1.

Statistical analysis. Patient’s ages are given as medians
(interquartile ranges), and group genders are given as numbers
(n) and percentages (%). Patients with echinococcosis with or
without anaphylactic shock were compared by Mann-Whitney
U test for age and by Fisher’s exact test for gender. Serum
antibody levels were logarithmically transformed because of
their skewed distributions. Results for log-transformed serum
antibody levels are given as means + SD. Serum antibody
levels between groups before surgery were compared by an
independent two sample ¢ test. Repeated measures, linear
mixed models were used to determine group effects for
changes in antibody levels before and after surgery. Logistic
regression analysis with stepwise selection was used to deter-
mine the odds ratios (ORs) for significant parameters associ-
ated with the development of anaphylactic shock caused by
ruptured cysts during surgery. A receiver operating character-
istic curve was generated and the area under the curve was
used to determine sensitivity and specificity. All statistical
assessments were two-sided and P < 0.05 was considered sig-
nificant. Statistical analyses used SPSS 18.0 statistical soft-
ware (SPSS Inc., Chicago, IL).

RESULTS

A total of 11 consecutive patients with echinococcosis who
developed anaphylactic shock caused by ruptured cysts dur-
ing surgery were enrolled from January 2008 to March 2010.
An age-matched and cyst type-matched control group com-
posed of echinococcosis patients who did not develop anaphy-
lactic shock after cyst rupture were also enrolled.

Table 1 shows the patients’ demographic and clinical charac-
teristics and serum IgE, IgG1, and IgG levels before surgery.
The patients who did and did not develop anaphylactic shock
were similar with regard to age, gender, and the types of echi-
nococcosis. Patients who developed anaphylactic shock had
significantly higher levels of IgE, IgG1, and IgG before surgery
than those who did not develop anaphylactic shock (P < 0.05).

Figure 1 shows the changes in antibody levels for patients
with and without anaphylactic shock. There were no significant
changes in serum IgE, IgG1, IgG levels and the IgE/IgG1 ratio
before and after surgery in both groups with and without ana-
phylactic shock (P > 0.05). However, there were significant
differences in serum IgE, IgG1, and IgG levels between the
two groups during the time course after surgery (all P < 0.001).
Patients who developed anaphylactic shock had significantly
higher levels of IgE, IgG1, and IgG than those who did not
develop anaphylactic shock.

The significant risk factors associated with the develop-
ment of anaphylactic shock caused by a ruptured cyst during
surgery are shown in Table 2. After adjustments for age,
gender, and the type of echinococcosis, serum levels of IgG1
(OR = 1.077, 95% confidence interval [CI]: 1.000-1.160; P =
0.049) and IgG (OR = 1.009, 95% CI: 1.001-1.017; P = 0.025)
before surgery were significantly associated with the develop-
ment of anaphylactic shock in patients with echinococcosis.

Because the IgG1 levels only showed borderline significance
(P = 0.049), we chose IgG only to determine a cut-off point.
Figure 2 shows the receiver operating characteristic curve from
which the cut-off point for IgG was chosen. The area under
the curve was 0.85 (P = 0.001; 95% CI: 0.71-0.99). The cut-
off point for IgG was based on the maximum value of the
Youden index, which was 312.25 pg/mL in this study. For
IgG > 312.25 pg/mL, the development of anaphylactic shock
was predicted with a sensitivity of 90.9% and a specificity
of 68.2%.

DISCUSSION

Cystic echinococcosis is a parasitic disease caused by the
larvae of Echinococcus granulosus that affects humans
and other mammals. During E. granulosus infection, a host’s
immune response is quite complex due in large part to the
numerous antigens that are present, particularly in cyst
fluid.” These antigens are often quite variable in nature
and the immune response varies during different stages of
E. granulosus infection, including host inflammatory responses
to infection, the subsequent development of specific humoral
and cellular immunity, allergic reactions, and immune evasion.

Thus, a host may present with anti-parasite immune
responses and immune evasion, or immune protection and
immunological injury may occur simultaneously.! In the pres-
ence of host immune regulation, an E. granulosus infection
usually becomes chronic. Echinococcosis granulosus can trig-
ger a series of hypersensitive reactions, including urticaria,
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TaBLE 1

Patient demographics and antibody levels before surgery

With anaphylactic shock (N = 11) Without anaphylactic shock (N = 22) P value
Age, years* 26 (4,72) 34(5,77) 0.819
Gender, n (%) 0.805
Male 5(45.5) 11 (50.0)
Female 6 (54.5) 11 (50.0)
Type of echinococcosis, n (%) 1.000
Cystic echinococcosis 1 1(9.1) 2(9.1)
Cystic echinococcosis IT 4(36.4) 8 (36.4)
Pulmonary echinococcus 6 (54.5) 12 (54.5)
Antibody levels before operationt
log (IgE), ng/mL§ 2.78 £0.30 2.40 £0.29 0.002
log (IgG1), ng/mL§ 1.97 +0.22 1.68 +0.25 0.002
log (IgG), pg/mL§ 2.56 +0.35 1.97 £ 0.70 0.014
log (IgE/TgG1)§ 0.80 = 0.21 0.72 £0.36 0.508

P values are from * Mann-Whitney U test,  Fisher’s exact test, and } independent two sample  test.
Results are * medians (interquartile ranges), ¥ numbers (percentages), and  means + SD.
§ Values are logarithmic transformations.
Cystic echinococcosis I and II were classified using the criteria of Caremani and others® (see Materials and Methods).

transient chills or fever, fatal bronchospasm, angioneurotic
edema, and anaphylactic shock.®

It is considered that echinococcosis-induced anaphylactic
shock is a type I immediate hypersensitivity. Miyajima and
others’ have shown that systemic anaphylaxis is mediated in
large part through IgG1 and F.,RII receptors. Other studies
have confirmed that parasite antigen-induced shock or death
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depended not only on IgE, but also IgG, particularly IgG1."°
Related studies'' showed that IgG and IgG subtypes could
induce complement activity. These were heterogeneous anti-
bodies directed against the parasite antigen cyclophilin.

In this study, significant differences were found in the IgG
levels between the two groups of patients at all time points. In
addition, significant differences in the IgG1 levels were noted
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TABLE 2

Logistic regression results to determine risk factors for developing anaphylactic shock in patients with echinococcosis

OR (95% CI) Adjusted OR (95% CI)* P value
Age 0.999 (0.963, 1.036)
Gender
Male Reference
Female 1.200 (0.281, 5.124)
Type of echinococcosis
Cystic echinococcosis I Reference
Cystic echinococcosis IT 1.000 (0.068, 14.640)
Pulmonary echinococcosis 1.000 (0.075, 13.367)
Antibody levels before operation
IgE 1.007 (1.001, 1.012) ¥ 1.004 (0.995, 1.013) 0.436
1gGl1 1.046 (1.011, 1.082)F 1.077 (1.000, 1.160) 0.049+
1eG 1.007 (1.001, 1.013) ¥ 1.009 (1.001, 1.017) 0.025+

* Adjustments were made for age, gender, and type of echinococcosis.
FSignificant risk factor, P < 0.05.

Cystic echinococcosis I and IT were classified using the criteria of Caremani and others® (see Materials and Methods). OR = odds ratio; CI = confidence interval.

at all time points. Our logistic regression results for the likeli-
hood of developing anaphylactic shock caused by cyst rupture
showed that increased pre-surgical levels of both IgG and
IgG1 were significant risk factors (Table 2). In this analysis,
increased pre-surgical IgE levels were not useful for pre-
dicting susceptibility to anaphylactic shock caused by cyst
rupture, possibly because IgE is not associated with comple-
ment activation. Although, IgE is associated with mast cell
and basophil degranulation and the release of significant
amounts of histamine.

Increased levels of IgG and IgG1 predicted the susceptibil-
ity to anaphylactic shock caused by cyst rupture in our CE
patients. The production of antibodies by B cells or plasma
cells is a function of T-helper (Th) lymphocytes of the Th2
subset.'? The particular antibody type or subtype that is pro-
duced by B cells is mediated by specific cytokines produced
by Th2 cells during the process of immunoglobulin isotype
class switching.!*> However, the particular isotype that is
produced is not necessarily a function of some disease pro-
cess, because it has been shown that it is equally likely for
people with and without allergic sensitivities to particular
allergens to produce IgG1 antibodies specific for a particular
allergen.'* However, what does differ is that people with an
allergic sensitivity to a particular allergen produce greater
amounts of allergen-specific IgG1 than those who are not
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FiGure 2. Receiver operating characteristic curve for determining
if patients will develop anaphylactic shock caused by a ruptured cyst
during surgery.

allergically sensitized,'> which suggests that IgG1 is an anti-
body related to hypersensitivity.

The IgE/IgG1 ratio may be associated with allergic mani-
festations. In our shock group, the IgE/IgG1 ratio was com-
parable to that in the control group before surgery, after
shock occurred, and at 1 week after surgery. Moreover, the
IgE/IgG1 ratio was not different at different time points in
both groups. These findings indicate the IgE/IgG1 ratio has
no association with the occurrence, development, or progno-
sis of echinococcosis-induced anaphylactic shock.

This study had several limitations. Although our two
groups of patients were age and gender matched, the total
numbers were relatively small. The small number of patients
and the rather large statistical variances (standard deviations)
of the measured antibody levels may have contributed to the
relatively low OR values shown in Table 2. Furthermore, we
did not determine other biochemical variables possibly asso-
ciated with anaphylactic shock. Most importantly, although
we did find significant differences in the serum levels of total
IgG and IgG1 between our CE patients who did and did not
develop anaphylactic shock, these are only general indicators
of immune responses. To identify the underlying mechanistic
aspects will require determinations of antigen-specific immu-
noglobulin levels.

The diagnostic specificity of cystic echinococcosis is gener-
ally low. In this study, we diagnosed the occurrence of ana-
phylactic shock by total antibody concentrations instead of
pathogen-specific antibodies. The low specificity of this diag-
nostic strategy is obvious. However, our aim was to be able to
predict and prevent the occurrence of anaphylactic shock
using a simple, easy, and economical strategy. The costs for
determining total antibody concentrations are considerably
less than for determining specific antibodies.

Taken together, increased levels of serum IgE, IgG, and
IgG1 could predict the susceptibility to anaphylactic shock
caused by cyst rupture in echinococcosis patients. IgG1 may
be a hypersensitivity specific antibody and the IgG1 level
may have value in predicting the prognosis of echinococcosis-
induced anaphylactic shock. Furthermore, the IgE/IgG1 ratio
had no association with the occurrence, development, or prog-
nosis of echinococcosis-induced anaphylactic shock.
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