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Abstract
Objectives— Normal pregnancy is characterized by activation of the innate immunity and
suppression of the adaptive limb of the immune response. However, pregnant women are more
susceptible to the effects of infection and microbial products than non-pregnant women. CD30 is a
member of the tumor necrosis factor receptor superfamily and is preferentially expressed by activated
T cells producing Th2-type cytokines. Its soluble form (sCD30) is proposed to be an index of Th2
immune response. High serum concentrations of sCD30 have been found in the acute phase of viral
infections, such as HIV-1 and hepatitis B. There is, however, conflicting evidence about serum sCD30
concentration in patients with bacterial infections. The objective of this study was to determine
whether there are changes in the serum concentration of sCD30 in pregnant women with
pyelonephritis.

Methods— This cross-sectional study included normal pregnant women (N=89) and pregnant
women with pyelonephritis (N=41). Maternal serum concentration of sCD30 was measured by a
specific and sensitive enzyme-linked immunoassay. Non-parametric tests were used for comparisons.
A p value <0.05 was considered statistically significant.

Results— (1) Pregnant women with pyelonephritis had a significantly higher median serum
concentration of sCD30 than those with a normal pregnancy (median: 44.3 U/ml, range: 16–352.5
vs. median: 29.7 U/ml, range: 12.2–313.2, respectively; p<0.001); and (2) No significant differences
were found in the median maternal serum concentration of sCD30 between pregnant women with
pyelonephritis who had a positive blood culture compared to those with a negative blood culture
(median:47.7 U/mL, range: 17.1–118.8 vs. median: 42.6 U/mL, range: 16–352.5, respectively;
p=0.86).
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Conclusions— Acute pyelonephritis during pregnancy is associated with a higher maternal serum
concentration of sCD30 than normal pregnancy. This finding is novel, and suggests that pregnant
women with pyelonephritis may have a complex immune state in which there is activation of some
components of what is considered a Th2 immune response.
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Introduction
Normal pregnancy is considered a unique immunological state characterized by activation of
the innate immunity and suppression of the adaptive limb of the immune response in order to
promote tolerance to the fetus, as well as protect the mother against infection[1,2]. Of interest,
pregnant women [3–7] and pregnant animals are more prone to infection and the effects of
microbial products. Evidence supporting this view includes: (1) pregnant animals develop
generalized Shwartzman reaction after a single injection of endotoxin, while non-pregnant
animals require a priming dose [8–10], and (2) acute pyelonephritis during pregnancy is more
likely to be associated with acute respiratory distress syndrome (ARDS) [11–21] than
pyelonephritis in the non-pregnant state.

CD30, a member of the tumor necrosis factor receptor superfamily [22–24], is preferentially
expressed by activated T cells producing T helper (Th) type-2 cytokines [25,26]. Its soluble
form (sCD30) is originated from the cleavage of the CD30 extracellular domain by a
metalloproteinase [27,28], and it is proposed as an index of Th2 immune response [26]. It has
been recently reported that: (1) women with a normal pregnancy have a significantly higher
serum concentration of sCD30 compared to non-pregnant women, and (2) patients with
preeclampsia as well as those who delivered small for gestational age (SGA) neonates have a
significantly lower maternal sCD30 serum concentration than those with a normal pregnancy
[29].

High serum concentrations of sCD30 have been found in the acute phase of viral infections,
such as HIV-1 [30] and chronic hepatitis B [31,32]. However, conflicting evidence have been
reported concerning serum sCD30 concentration in patients with bacterial infections [33–35].
This study was conducted to determine whether there are changes in the maternal serum
concentration of sCD30 in an acute bacterial infection during pregnancy: pyelonephritis.

Methods
Study population

A cross-sectional study was conducted by searching our clinical database and bank of
biological samples, including patients in the following groups: (1) normal pregnancy (N=89);
and (2) pyelonephritis (N=41). Women with multiple pregnancies and fetal anomalies were
excluded. Patients were considered to have a normal pregnancy outcome if they did not have
any obstetrical, medical, or surgical complication of pregnancy, and delivered a term neonate
of appropriate birth weight for gestational age [36] without complications. Pyelonephritis was
diagnosed in the presence of fever (temperature ≥ 38ºC), clinical signs of an upper urinary tract
infection (e.g., flank pain, costovertebral angle tenderness), pyuria, and a positive urine culture
for microorganisms. Blood cultures were also obtained. Systemic inflammatory response
syndrome (SIRS) was diagnosed in the presence of two or more of the following signs: 1)
temperature ≥38°C or ≤36°C, (2) pulse ≥90 beats/min, (3) respiration of ≥20 per minute or a
PaCO2 <32 mm Hg, and (4) white blood cell (WBC) count ≥12,000 or ≤4000 or >10%
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immature neutrophils [37]. Preterm delivery was defined as delivery before 37 weeks of
gestation, while SGA neonate was defined as birthweight below the 10th percentile for the
gestational age at birth according to a national birth weight distribution [36].

All women provided written informed consent prior to the collection of maternal blood
samples. The utilization of samples for research purposes was approved by the Institutional
Review Boards of both Wayne State University and the National Institute of Child Health and
Human Development (NICHD/NIH/DHHS). Many of these samples have been employed to
study the biology of inflammation, hemostasis, angiogenesis regulation, and growth factor
concentrations in normal pregnant women and those with complications, such as Pyelonephritis
[2,38,39].

Sample collection and soluble human CD30 (sCD30) immunoassays
Samples of peripheral blood from pregnant women were obtained by venipuncture. The
samples were stored at −70°C until assay. A specific and sensitive enzyme-linked
immunoassay was used for the quantitation of human sCD30 in maternal serum. Immunoassay
kits for human sCD30 were obtained from Bender MedSystems (Vienna, Austria). The
concentrations of sCD30 were measured as previously described [29]. The calculated inter-
and intra-assay coefficients of variation (CVs) for sCD30 immunoassay in our laboratory were
6.72% and 5.20%, respectively. The lower limit of detection (sensitivity) was calculated to be
0.655 U/ml.

Statistical analysis
The Kolmogorov–Smirnov test was used to determine whether the data was normally
distributed. Comparisons among groups were performed using Mann-Whitney U test for
continuous variables, as well as Chi-square or Fisher’s exact test for categorical variables. A
p value <0.05 was considered statistically significant. The statistical package used was SPSS
v.14.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
The demographic and clinical characteristics of the study groups are shown in Table I. Patients
with pyelonephritis delivered neonates with a significantly lower birthweight compared to
those of normal pregnant women (median: 3140 g, range 1080–4090 vs. median: 3342 g, range:
2550–4050, respectively; p=0.02). Among patients with pyelonephritis, 12.8% (5/39) had
preterm delivery, and the same proportion of patients delivered a SGA neonate. The most
common microorganism isolated from urine cultures was Escherichia coli [75.6% (31/41)].
Other microorganisms included Gram negative bacilli (n=1), Klebsiella pneumoniae (n=2),
Proteus mirabilis (n=1), Enterobacter aerogenes (n=1), Pseudomona aeruginosa (n=1),
Streptococcus viridans (n=1), Citrobacter koseri (n=1), Streptococcus agalactiae (n=1), and
mixed flora (n=2). One patient had more than one germ isolated from the urine culture.

Pregnant women with pyelonephritis have a significantly higher median serum concentration
of sCD30 than those with a normal pregnancy (median: 44.3 U/ml, range: 16–352.5 vs. median:
29.7 U/ml, range: 12.2–313.2, respectively; p<0.001) (Figure 1).

Blood cultures were performed in 87.8% (36/41) of patients with pyelonephritis, and 44.4%
(16/36) of them were positive for microorganisms. Again, Escherichia coli was the most
common microorganism isolated from blood cultures [68.8% (11/16)]. Other microorganisms
isolated from maternal blood were Gram positive cocci (n=1), Klebsiella pneumoniae (n=1),
Enterobacter aerogenes (n=1), and Coagulase-negative staphylococcus (n=2). Maternal
temperature, heart rate, and WBC count was obtained in all pregnant women with

Kusanovic et al. Page 3

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2008 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



pyelonephritis at the time of admission. Of note, using only those clinical signs, 90.2% (37/41)
of them fulfilled the criteria of SIRS. There were no patients with ARDS.

No significant differences were found in the median maternal serum concentration of sCD30
between pregnant women with pyelonephritis who had a positive blood culture and those with
a negative blood culture (median: 47.7 U/ml, range: 17.1–118.8 vs. median: 42.6 U/ml, range:
16–352.5, respectively; p=0.86) (Figure 2).

DISCUSSION
Principal findings of this study

(1) Pregnant women with acute pyelonephritis have a significantly higher median serum
concentration of sCD30 than normal pregnant women, and (2) No significant differences were
found in the median maternal serum concentration of sCD30 between patients with and without
positive blood cultures.

Intravascular inflammation: a physiologic finding in normal pregnancy
Normal pregnancy is considered a pro-inflammatory state. Evidence supporting of this view
includes: (1) the total white blood cell count in maternal blood increases with advancing
gestational age [40]; (2) there is an increased concentration of acute phase proteins, such as
fibrinogen and clotting factors [41,42]; (3) the complement system is activated in normal
pregnancy [43,44]; (4) leukocytes from normal pregnant women have phenotypic and
metabolic changes of monocytes and granulocytes, that are consistent with either priming or
activation of the cells [2,45,46]; (5) impaired neutrophil apoptosis [47]; and (6) in the course
of conducting longitudinal studies, the laboratory of Luppi et al at the University of Pittsburgh
has demonstrated that monocytes during pregnancy have higher production of interleukin
(IL)-12 and IL-1β compared to those in non-pregnant women [48]. Similar results were
reported by Sacks et al [49] in a cross-sectional study. This cytokine (IL-12) is a major mediator
of the type 1 (cell mediated) immune-response which favors a pro-inflammatory response
[50].

Pyelonephritis during pregnancy—Pyelonephritis complicates 1–2% of pregnancies
[21], is diagnosed approximately 70% of the time during the second and third trimester [51],
and is one of the most common medical causes of pregnancy-associated hospitalizations [52].
With adequate antimicrobial treatment, 95% of patients become afebrile after 72 hours [53].
Despite the favorable clinical evolution of most patients, pregnant women with pyelonephritis
are at risk of developing sepsis [54–56] and ARDS [11–21], complications that are rare in
young non-pregnant women with urinary tract infections. Indeed, pyelonephritis-related sepsis
is the most frequent medical complication of admission to obstetric intensive care unit [57], as
well as the most common cause of septic shock during pregnancy [55,56].

Systemic inflammatory response in bacterial infections—A systemic inflammatory
response can be elicited in patients with trauma, major surgery, pancreatitis, burns, and
localized or generalized infection [37]. SIRS is characterized by the production of pro-
inflammatory cytokines, such as tumor necrosis factor (TNF)-α, IL-1β, interferon (IFN)-γ,
IL-6, and IL-12. This early inflammatory response is followed by a compensatory production
of anti-inflammatory cytokines, such as IL-4, IL-10, IL-13, and IL-1 receptor antagonist
(IL-1ra) [58]. This condition is known as compensatory anti-inflammatory response syndrome
(CARS), which commonly appears after SIRS is established [59]. It has been proposed that
plasma concentrations of pro-inflammatory cytokines are proportional to sepsis severity [60,
61], and that an exaggerated and persistent inflammatory response is associated with increased
organ injury and mortality [62,63]. It is important to stress that this traditional view in patients
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with sepsis has been challenged [64]. It is now clear that some patients with sepsis have features
that are characteristic of immunossuppression [60,65,66], and as sepsis persists, there is a shift
towards an anti-inflammatory immunosuppressive state, which could be as detrimental as an
exaggerated systemic inflammatory response [64,67–70].

The importance of a counter inflammatory response in sepsis—Recent evidence
has suggested that if sepsis persists, the compensatory anti-inflammatory state down-regulates
host defense against infection, which is consistent with an immunosuppressive state [64].
Indeed, a shift from a Th1 to Th2 response has been proposed as a potential mechanism for
immunossuppression in patients with sepsis [64]. Evidence in support of this view includes:
(1) compared to non-infected critically ill controls, patients with severe sepsis have a
significantly decreased number of Th1 cells, while Th2 cells are significantly increased [71];
(2) IL-10 concentration is increased in septic patients, and predicts mortality [69,72]; (3) the
expression of Th1 response is reduced by IL-4 and IL-10 from Th2 cells [73]; (4) reversal of
Th2 response improves survival among patients with sepsis [64,66,74]; (5) in murine models,
suppressed bacterial clearance is associated with a significantly lower serum concentration of
IL-12 and IFN-γ and a higher serum concentration of IL-10 [75]. Finally, it has been proposed
that the timing and magnitude of the anti-inflammatory response, rather than the pro-
inflammatory response, correlates with the severity of infection in sepsis [70].

What is sCD30?—CD30 is a 120-kD glycoprotein [76,77] member of the TNF/nerve growth
factor receptor superfamily [22,23,78]. The extracellular domain of CD30 is cleaved by a
metalloproteinase [27,28] in a 88-kD soluble CD30 antigen (sCD30) which is released from
activated T cells in vitro and in vivo [79]. The conventional view is that CD30 expression is
restricted to lymphocytes [80,81] and endometrial cells with decidual changes [82], and that
monocytes and macrophages do not express CD30 [78].

The interaction between CD30 and its ligand (CD153) can be associated with cell activation,
proliferation, differentiation, and death [78,83,84]. On activated T cells, CD30 can act as a co-
stimulatory receptor, induce cell surface molecules (CD54, CD80, CD86) and cytokine
expression, and promote Th2 lymphocytes [85]. In vitro experiments have demonstrated that
sCD30 is preferentially released by human T cells producing Th2-type cytokines. CD4+ T cell
clones obtained from peripheral blood mononuclear cells of healthy donors showed that most
of those Th2 clones have both CD30 mRNA and surface CD30 expression, and also released
sCD30. In contrast, while Th0 clones had an intermediate pattern, Th1 clones did not or poorly
expressed CD30 mRNA and surface CD30, and had low or undetectable concentrations of
sCD30 [25].

Serum concentrations of sCD30 have been found to correlate with CD30 expression in T
lymphocytes [86], as well as being closely associated with disease activity, stage, and prognosis
in Hodgkin’s disease, HIV-1 infection, and anaplastic large-cell lymphoma [87–91]. In
addition, high serum concentrations of sCD30 have been detected in patients during the acute
phase of viral infections, such as HIV-1[30], Epstein-Barr virus infection [92], and chronic
hepatitis B [31,32]. However, conflicting results have been reported about serum
concentrations of sCD30 in patients with bacterial infections, such as tuberculosis [35] and
Lyme disease [34].

sCD30 and pregnancy—Few studies have evaluated the role of sCD30 during pregnancy.
Hoshimoto et al [93] reported that the plasma concentration of sCD30 did not change in early
pregnancy compared to non-pregnant women, while lower concentrations of sCD30 were
observed in pregnant women during the third trimester. Ostensen et al [94] observed that
pregnant patients with rheumatoid arthritis had higher plasma concentrations of sCD30 than
those with normal pregnancies, and Ekstrom et al [95] reported that atopic pregnant patients
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have a significantly higher serum concentration of sCD30 than non-atopic pregnant women.
These results, however, were not reflected in changes between the groups in umbilical cord
blood and the placental expression of CD30 and its ligand.

Recently, we have demonstrated that normal pregnancy is associated with a higher maternal
serum concentration of sCD30 than the non-pregnant state, and that patients with preeclampsia
and those who delivered an SGA neonate have a significantly lower serum concentration of
sCD30 compared to those with normal pregnancies. These observations support the view that
normal pregnancy is associated with a shift towards a Th2 immune response, and that
preeclampsia and SGA are associated with a polarized Th1 response [29].

sCD30 in pyelonephritis
The finding that pregnant women complicated with pyelonephritis have a higher maternal
serum concentration of sCD30 than those with a normal pregnancy is novel, and concurs with
the observations that SIRS is followed by a compensatory anti-inflammatory state [59].

In 1991, The American College of Chest Physicians and the Society of Critical Care Medicine
proposed the consensus guidelines to unify definitions commonly used in patients with septic
states [96]. The term ‘systemic inflammatory response syndrome’ (SIRS) was introduced to
identify patients with clinical findings suggestive of activation of the immune system,
regardless of the cause [37]. The diagnosis of SIRS is based on the presence of two or more of
the following signs: (1) temperature ≥38°C or ≤36°C; (2) pulse ≥90 beats/min; (3) respiration
of ≥20 per minute, or a PaCO2 <32 mm Hg; or (4) WBC count ≥12,000 or ≤4000, or >10%
immature neutrophils. It should be noted that these criteria do not consider the physiologic
changes of normal pregnancy [97], and there is no modified definition of SIRS for pregnant
women. Therefore, the diagnosis of SIRS in pregnant patients could be inaccurate if based
upon the criteria used for non-pregnant patients. It is interesting to note, however, that in this
study 90% of the pregnant women with pyelonephritis fulfilled the criteria of SIRS at
admission. Thus, our data suggest that most patients with pyelonephritis meet the criteria of
SIRS for non-pregnant subjects. These findings are similar to those of Hill et al [21] who, in
a study that included 440 cases of antepartum pyelonephritis, reported that 17% of pregnant
women with pyelonephritis were complicated with sepsis at the time of diagnosis, 10% required
admission to an extended care unit, and that 7% had respiratory insufficiency.

The fact that pregnant women are more susceptible to the effects of microbial products than
non-pregnant women remains a fascinating biological observation. It is tempting to postulate
that this may be due either to a priming/activation of monocytes and neutrophils [2,45,46,48]
and/or a Th2 biased immune response during normal pregnancy [98]. Though the limitations
of the old and simplistic model of Th1/Th2 immune responses are well recognized [99,100],
this model may still be helpful in communicating broad concepts about the nature of the
immune response.

Specifically, we proposed that an increased sCD30 in maternal serum may reflect a Th2
response in pregnant patients with acute pyelonephritis, and that this represents evidence of an
anti-inflammatory state which may predispose to complications. Although the measurement
of Th2-type cytokines such as IL-4 and IL-10 could be a different approach to demonstrate a
Th2 response in pregnant women with pyelonephritis, sCD30 has been widely proposed and
used as an index of a Th2 immune response. The mechanisms whereby sCD30 is elevated in
the course of an acute infection during pregnancy require further investigation. It is of
considerable interest that in another condition where there is intravascular inflammation
(preeclampsia) the maternal serum concentration of sCD30 is significantly lower than in
normal pregnancy, suggesting that the systemic inflammatory state of preeclampsia and
pyelonephritis differ. Whether this is due to the acuity of the inflammatory process in
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pyelonephritis and/or the chronic nature of the process in preeclampsia will require further
study [101–103].

Conclusions—Acute pyelonephritis during pregnancy is associated with a higher maternal
serum concentration of sCD30 than normal pregnancy. This finding is novel, and suggests that
pregnant women with pyelonephritis may have a complex immune state in which there is
activation of some components of what is considered a Th2 immune response.
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Figure 1.
Maternal serum sCD30 concentration in women with a normal pregnancy and those
complicated with pyelonephritis. Pregnant women with pyelonephritis have a significantly
higher median serum concentration of sCD30 than those with a normal pregnancy (median:
44.3 U/ml, range: 16–352.5 vs. median: 29.7 U/ml, range: 12.2–313.2, respectively; p<0.001).
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Figure 2.
Maternal serum sCD30 concentration in pregnant women with pyelonephritis. No significant
differences were found in the median serum concentration of sCD30 between patients with
negative and positive blood cultures (median 42.6 U/ml, range: 16–352.5 vs. median 47.7 U/
ml, range: 17.1–118.8, respectively; p=0.86). NS: not significant.
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Table I
Demographic and clinical characteristics of the study groups

Normal pregnancy (n=89) Pyelonephritis (n=41) p

Maternal age (years) 23 (17 – 34) 22 (17 – 41) NS
Nulliparity 21.3 (19/89) 19.5 (8/41) NS
Smoking 20.5 (17/83) 21.4 (6/28) NS
Race
 African-American 83.1 (74/89) 75.6 (31/41) NS
 Caucasian 12.4 (11/89) 14.6 (6/41) NS
 Others 4.5 (4/89) 9.8 (4/41) NS
Gestational age at blood draw
(weeks)

31.1 (19.4 – 38.3) 31.3 (17 – 41.9) NS

Gestational age at delivery (weeks) 39.6 (37 – 42) 39.1 (28.7 – 42.7) NS
Birthweight (grs) 3342 (2550 – 4050) 3140 (1080 – 4090) 0.02

Values are expressed as percentage (number) or median (range).

NS: not significant.
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