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Abstract. Elevated circulating endotoxin levels in the plasma of patients with advanced hepatosplenic schistoso-
miasis causedbySchistosomamansonihavebeen reported, possibly causedbyparasite egg–induced intestinalmucosal
breaches facilitating bacterial access to the bloodstream. Neither endotoxin levels in people with S. mansoni but without
hepatosplenic disease nor the impact of treatment on endotoxin levels have been described. We used a methodically
optimized Limulus amebocyte lysate assay to measure plasma endotoxin in community-dwelling women from an
S. mansoni–endemic area without clinical hepatosplenic disease. We found no difference in baseline mean plasma
endotoxin levelsbetween thosewith (n=22) andwithout (n=31) infection (1.001 versus0.949EU/mL,P=0.61). Endotoxin
levels did not change in schistosome-infected women after successful treatment (1.001 versus 1.093 EU/mL, P = 0.45)
and were not correlated with circulating anodic antigen or stool egg burden. Our findings do not support the hypothesis
that translocating eggs in S. mansoni infection introduce bacterial sources of endotoxin to the circulation.

Schistosomiasis impacts more than 200 million people
worldwide. Morbidity in Schistosoma mansoni infection is
largely attributable to migrating eggs causing inflammation
in gastrointestinal and hepatic tissues. In patients with ad-
vanced hepatosplenic schistosomiasis, elevated endotoxin
levels have been reported and are hypothesized to be due to
egg-induced breaches in the intestinal mucosa, which fa-
cilitate translocation of lipopolysaccharide-positive gas-
trointestinal bacteria from the lumen of the gut into the
mucosa and surrounding tissues.1,2 Comparisons of endo-
toxin levels between individuals are hampered by hetero-
geneity in endotoxin molecules and plasma interference by
other substances.3,4 Given reported associations of endo-
toxemia with morbidity,4,5 understanding its effects in
schistosome infection is critical.
Because comparing individuals’ endotoxin levels longitu-

dinally may lessen issues of heterogeneity, we undertook the
first prospective study of endotoxin levels pre- and post-
praziquantel treatment for S. mansoni infections. We enrolled
patients who had detectable parasite eggs in stool without
clinical evidence of hepatosplenic involvement to determine
whether endotoxemia could be associated with S. mansoni
infection.
Samples were collected every 3 months from 54 women

living in a S. mansoni–endemic region of northwest Tanzania
over a 12-month period (June 2017–June 2018). Women
provided written informed consent for participation in a lon-
gitudinal study of schistosomiasis in the gastrointestinal and
genital tracts. Ethical approvals were obtained from the Joint
Research Ethics Committee at BugandoMedical Centre and
the Catholic University of Health and Allied Sciences and the
National Institute for Medical Research (both in Tanzania)
and from Weill Cornell Medicine. We analyzed data from all
women who attended both the first two study visits. Women

received free treatment for all helminth and genital tract in-
fections diagnosed. None had clinical evidence of ascites or
edema.
Schistosome infection was diagnosed, as previously de-

scribed, using serum circulating anodic antigen (CAA), with a
positivity threshold of 30 pg/mL,6 and urine and stool mi-
croscopy. Each participant provided one stool sample from
which five Kato–Katz slides were prepared,7 and one urine
sample from which 10 mL was filtered for microscopic ex-
amination by a trained parasitologist. Those enrolled in this
studywerepositive forS.mansoni infection both by stool eggs
and by elevated serum CAA levels.
Blood was drawn into potassium ethylenediaminetetraacetic

acid (EDTA) vacutainer tubes (BectonDickinson, Franklin Lakes,
NJ). Plasma was separated and stored at −20�C in Mwanza,
shipped on dry ice toWeill Cornell in NewYork in July 2018, and
thereafter stored at −80�C. The samples were tested between
August and November 2018. Endotoxin levels were, thus,
assayed between 6 weeks and 13 months after phlebotomy.
Endotoxin concentration was quantified via turbidimetric

kinetic Pyrotell-T Limulus amebocyte lysate (LAL) assay (As-
sociates of Cape Cod, East Falmouth, MA), as per the man-
ufacturer’s instructions. TheLALassaywas reconstitutedwith
Glucashield buffer to minimize interference from glucans.
Each set of assays included internal positive controls for each
specimen, from which 50–200% of a known spike quantity
must be recovered to be considered valid,8 and a standard
curve was constructed from ACC control standard endotoxin
(lot #160).
To ensure that our sample collection method minimized

interference,9–11 we compared endotoxin concentrations in
eight people with blood collected simultaneously in EDTA or
heparin tubes (each run in triplicate). All EDTA tubes had co-
efficients of variation (CVs) within 20%, whereas only 75% of
heparin tubes did (EDTA/heparin correlation = 0.4322, P =
0.196). Therefore, we analyzed endotoxin levels in blood col-
lected in EDTA.
Samples were originally diluted in LAL water to concen-

trations between 1:10 and 1:5,000 to determine which
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dilution best overcame interference. However, no concen-
tration consistently overcame interference. To determine
which heat treatment best overcame interference, samples
were diluted to the concentration of 1:2 and placed in either
boiling water for 2 minutes11 or into a 60�C heat block for 30
minutes.12 After cooling, 1:4 and 1:40 dilutions were created
from the 1:2 dilution, and endotoxin levels were measured in
all three dilutions. Results from all three dilutions showed
good spike recovery and consistency between endotoxin
levels measured at different dilutions, indicating that both
treatments sufficiently overcame inhibition. Because boiling
produced visibly coagulated samples, 60�C treatment was
selected for use. Sample dilution to 1:100 followed by 60�C
heat treatment yielded the best spike recovery percentages,
had an onset time within the standard curve, and had low CV
values.
We included two negative controls: 1) LAL water and 2) LAL

water with Pyrotell-T. Test plates were considered valid if 1)
the endotoxin readings for the negative controls were lower
than those for the lowest standard and 2) the absolute value of
the correlation coefficient for the standard curvewas ³ 0.980.8

In addition, we required the CV between triplicate samples to
be < 20%.13 Samples not meeting these criteria were rerun.
Using a 1:100 dilution of sample heat-treated at 60�C for 30
minutes, 92% of samples passed quality control. In the
remaining samples (n = 5), we were unable to produce valid
spike recovery rates after two attempts. These samples were
excluded from further analysis.
We compared proportions using chi-squared tests and

continuous variables by Wilcoxon rank-sum test. We per-
formed linear regression to determine associations between
endotoxin levels and intensity of schistosome infection
(quantified in separate regressions by log CAA and absolute
egg counts). We used cluster-robust standard errors to ac-
count for within-patient correlation across time points. Lon-
gitudinal endotoxin levels were analyzed using linear mixed
models with time and schistosome infection fixed effects and
patient-specific random effects to account for within-patient
correlation across time points.
Women with S. mansoni infection were not significantly

different from those without, except that they less fre-
quently reported having ever received anti-schistosome
treatment (Table 1). Baseline endotoxin levels were comparable

(1.001 versus 0.949 EU/mL, P = 0.61). The endotoxin level
did not change in schistosome-infected women who re-
ceived praziquantel and were schistosome-negative at
month 3 (1.001 versus 1.093 EU/mL, P = 0.451, Figure 1A).
Linear regression analyses indicated that neither se-
rum CAA nor stool egg burden was associated with the
endotoxin level (log(CAA) coefficient = −0.004, P = 0.74;
eggs coefficient = −0.0005, P = 0.69, respectively, Figure
1B and C). Endotoxin levels also did not differ by report
of recent food insecurity (1.028 versus 0.927 EU/mL,
P = 0.32).
However, the time of sample collection did have an impact:

overall endotoxin levels were higher at month 3 than baseline
(Figure 1D, mean endotoxin difference = 0.17, P = 0.0037). By
contrast, month 6 and 9 endotoxin levels were unchanged
from baseline (month 6 difference = −0.044, P = 0.46 and
month 9 difference = −0.037, P = 0.56).
Therefore, after rigorously optimizing the LAL assay, we

found no relationship between S. mansoni infection, infection
intensity, or anti-schistosome treatment on blood endotoxin
levels in our study population. This suggests that although we
presume that eggs are passing through the intestinal mucosa
in theseS.mansoni–infectedwomen, thismovement does not
affect endotoxin levels.
Our implementation of a carefully optimized protocol for

endotoxin testing strengthens confidence in the validity of our
findings.4 Differing assay optimizations by different investi-
gators may explain varied associations of endotoxin levels
with S. mansoni results14 particularly because testing condi-
tions are not always described in detail. Alternatively, patients
in previous studies had hepatosplenic schistosomiasis, and
endotoxin elevations may be related to hepatic disease. Pu-
tative mechanisms for elevations related to hepatic disease
couldbe impairedhepatic clearanceof endotoxin or increased
translocation of intestinal bacteria to the systemic circulation
due to increased gut permeability in the setting of portal hy-
pertension and ascites.4,13

Malnutrition can also affect gut permeability.15 We found
no association between food insecurity and endotoxin
possibly because we only inquired about food insecurity in
the last month. Many participants may have suffered from
malnutrition at differing points in their lifetime and seasons
of the year.16 This could explain the 3-fold higher median

TABLE 1
Baseline clinical and demographic characteristics of 53 women in a Schistosoma mansoni-endemic region of Tanzania

Schistosoma-infected (N = 22) Schistosoma-noninfected (N = 31) P-value of difference

Age (years), median [IQR] 31 [23–39]* 32 [23–42] 0.65
Positive for hookworms, n (%) 5 (22.7) 3 (9.7) 0.25
Number of years in school, median [IQR] 7 [4–7]* 7 [5–7] 0.63
Previously treated for schistosomiasis,
n (%)

3 (13.6)* 13 (41.9) 0.036

Earns own money, n (%) 11 (50)* 10 (33.3) 0.23
Skipped lunch/dinner within last month
because of lack of food, n (%)

14 (63.6)* 13 (43.3) 0.15

Positive for HIV 0 0 –†

Schistosome circulating anodic antigen
(pg/mL), median [IQR]

3,333.1 [635.7–50,000] 1 [0–9.2] –†

Schistosoma haematobium eggs seen in
urine

0* 0 –†

S. mansoni eggs/g in stool, median [IQR] 33.3 [16.8–64.8] 0 –†

IQR = interquartile range. P-values were determined by the Wilcoxon rank-sum test for numerical values and by the chi-squared test for binary variables.
* For these variables, one person had missing data, and the results were calculated using a denominator of 22.
† No P-value was calculated as this was part of the group definition.
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endotoxin level (0.989 EU/mL) in this study compared with the
median endotoxin level of 0.29 EU/mL derived from 11 studies
of healthy people who used similar LAL optimizations.4

Endotoxin levels were higher in both groups at month 3
visits, which all occurred at the beginning of the rainy season,
between September and December. As malaria and diarrheal
disease increase during wet seasons,17,18 it is possible that
local disease outbreaks during this period could have in-
creased the overall median endotoxin levels19,20 compared
with levels observed at other timepoints.Wedid not have data
to assess contributions of these and other pathogens to
endotoxemia.
In conclusion, S. mansoni infection in women without evi-

dence of hepatosplenic involvement is not associated with
elevated plasma endotoxin levels. The absence of endotox-
emia, despite egg-induced mucosal breaches, may be at-
tributable to complex immune mechanisms at the intestinal
surface and merits further study.
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FIGURE 1. Endotoxin levels do not change after treatment, do not correlate with schistosome circulating anodic antigen (CAA) or stool eggs, and
do not differ significantly by infection status over time. (A) For schistosome-infected women who became negative at month 3 after treatment:
comparison of endotoxin levels between baseline andmonth 3. (B) For all positive samples: plot of the data used for regression of endotoxin levels
on logCAA;a linear regressionmodelwithcluster-robust standarderrorswasused toaccount forwithin-patient correlationacross timepoints.Each
dot represents adifferent set ofmeasurements. (C) For participants positive for eggs: plot of thedata used for regressionof endotoxin levels on stool
eggs/g (eggs were only found at baseline). (D) For all samples: comparison over time of plasma endotoxin levels between those with and without
schistosome infections; schistosome infection statuswas reassigned at each time point. A linearmixedmodel, with time and schistosome infection
fixed effects and patient-specific random effects, was used to account for within-patient correlation across time.
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