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Supplementary Materials and Methods  

Staining Procedure  

The immunostaining was performed on fresh PBMC and monocytes, isolated as described in paragraph 2.2 from 

healthy donors. Cells were centrifuged at 300xg for 10 min, the supernatant fluid was discarded and the cell pellet was 

resuspended in cold PBS (Lonza Group Ltd. Basel, Switzerland) plus 1% BSA (Sigma-Aldrich, Inc., St. Louis, MO, USA). 

An adequate volume of cells was added to four different tubes (1x106 cells/tube) and incubated with the following 

antibodies in a final volume of 100 µl: tube 1, phycoerythrin (PE)-labelled isotype control (5 µl) + fluorescein isotiocya-

nate (FITC)-labelled isotype control (1 µl); tube 2, anti-CD14-FITC (10 µl) + isotype control-PE (5 µl); tube 3, anti-CD16-

PE (10 µl) + isotype control-FITC (1 µl); tube 4, anti-CD14-FITC (10 µl) + anti-CD16-PE (10 µl). Isotype controls and 

specific antibodies were used at the same final concentration. All antibodies were from BD Biosciences (San Jose, CA, 

USA). Tubes were incubated for 30 min on ice in the dark, then diluted with 1 ml PBS/BSA 1% and centrifuged at 300xg 

for 10 min. Finally, samples were resuspended with 0.5 ml PBS/BSA 1% and immediately analysed by flow cytometry.  

Flow Cytometric Analysis 

Cells were analyzed for identification of the three subsets (CD14++CD16- classical monocytes, CD14++CD16+ intermediate 

monocytes, CD14+CD16++ non-classical monocytes) by flow cytometry (FACScan, Becton Dickinson, Rutherford, NJ, 

USA) with BD Cell Quest software. Monocytes were initially gated using a morphological selection (gate) based on 

forward scatter (FSC, cellular size) and side scatter (SSC, cellular complexity) parameters. The subsequent evaluation 

of CD14 and CD16 expression was performed by quantitation of FL1 (green) and FL2 (orange) fluorescence emissions, 

which represent the specific binding of antibodies conjugated with the FITC and PE fluorochromes, respectively. Am-

plified settings for FSC and SSC were used in linear mode, and those for fluorescence channels were used in logarithmic 

mode. A threshold was fixed on FSC to exclude cellular debris. The analysis of CD14 and CD16 expression was per-

formed both in PBMC and in purified monocyte suspension, with acquisition of 30,000 morphologically gated events 

per tube.  



 

 

Figure S1. Monocyte subsets before and after positive isolation with CD14 magnetic beads. Scatter analysis of the surface 

markers CD14 and CD16 on monocyte subsets present in PBMC (left panel) and after magnetic purification with CD14 beads 

(right panel). Data are reported for the monocyte subset identification during the isolation procedure from blood of a repre-

sentative donor. The percentage of classical CD14++CD16-, intermediate CD14++CD16+, and non-classical CD14dimCD16+ mono-

cytes after magnetic purification fully reflected the percentage of the same monocyte subpopulations in PBMC. This indicates 

that the monocyte population used in our experiments is representative of the monocyte heterogeneity as present in the circu-

lation.    



 
 

Table S1. Primary cytokine production by human monocytes in response to S. mansoni antigens 

Stimulus 

(g/mL) 

Cytokine production 1 

Monocytes Macrophages 

TNF IL-6 IL-10 TNF IL-6 IL-10 

D1 D2 D3 D1 D2 D3 D4 D1 D2 D3 D1 D3 D1 D3 D4 D1 D3 

medium  0.00 0.06 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.02 

LPS 0.01 0.94 4.46 1.69 12.1 10.0 3.37 24.4 2.40 0.33 0.37 14.9 6.12 3.11 3.67 4.86 3.63 0.40 

OMV 0.1 1.38 3.70 nt 12.1 7.88 nt 29.9 3.05 0.53 nt 16.2 nt 4.87 nt 4.28 5.38 nt 

 0.2 1.14 4.34 nt 14.7 9.81 nt 29.5 4.95 0.56 nt 16.7 nt 3.71 nt 4.94 4.90 nt 

 0.5 3.44 4.89 2.55 24.6 19.6 3.94 27.4 8.24 1.54 1.62 17.4 7.76 6.56 3.52 5.75 7.97 9.79 

 1.0 5.73 7.77 2.33 46.5 43.3 7.61 47.9 11.7 7.18 17.4 17.9 8.94 9.19 4.32 4.25 10.7 15.1 

 2.0 8.29 8.37 3.47 44.0 75.0 9.17 52.9 15.5 14.5 31.0 17.6 6.48 18.2 4.98 9.88 18.3 23.1 

 5.0 nt 17.1 4.66 nt 170.6 1.59 101.3 nt 40.3 79.1 nt 13.4 nt 7.29 24.8 nt 49.4 

SmCD59.2 0.1 0.00 0.00 nt 0.38 0.05 nt 0.00 0.00 0.00 nt 0.00 nt 0.00 nt 0.02 0.07 nt 

 0.2 0.00 0.00 nt 0.00 0.35 nt 0.00 0.00 0.00 nt 0.14 nt 0.00 nt 0.03 0.10 nt 

 0.5 0.01 0.00 nt 0.28 0.00 nt 0.03 0.00 0.00 nt 0.16 0.00 0.04 0.04 0.15 0.40 0.01 

 1.0 0.02 0.00 0.17 0.14 0.00 0.01 0.04 0.00 0.00 0.06 1.79 0.00 0.19 0.02 0.19 0.57 0.00 

 2.0 0.07 0.00 0.19 0.15 0.00 0.02 0.15 0.00 0.00 0.07 1.56 0.38 0.47 0.11 0.25 0.71 0.07 

 5.0 nt 0.13 0.38 nt 0.19 0.06 nt nt 0.00 0.00 nt 0.99 nt 0.13 0.43 nt 0.16 

SmTSP-2 0.1 0.03 0.00 nt 0.10 0.11 nt 0.00 0.00 0.00 nt 0.02 nt 0.04 nt 0.12 0.19 nt 

 0.2 0.04 0.00 nt 0.08 0.00 nt 0.02 0.00 0.00 nt 0.04 nt 0.11 nt 0.15 0.32 nt 

 0.5 0.15 0.13 nt 0.33 0.10 nt 0.63 0.03 0.00 nt 0.95 0.37 0.39 0.09 0.32 0.62 0.19 

 1.0 0.29 0.26 0.18 0.67 0.49 0.00 0.44 0.22 0.00 0.00 3.42 0.39 0.52 0.08 0.43 0.88 0.17 

 2.0 0.40 0.52 0.21 0.78 0.66 0.07 0.98 0.46 0.00 0.19 9.29 1.08 0.70 0.19 0.52 1.01 0.43 

 5.0 nt 0.51 0.68 nt 1.91 0.36 1.24 nt 0.11 0.42 nt 1.98 nt 0.54 0.66 nt 0.90 

OMV:D 0.1 nt 5.80 nt nt 37.1 nt 54.4 nt 1.17 nt nt nt nt nt nt 6.99 nt 

 0.2 nt 8.05 nt nt 49.6 nt 37.0 nt 1.62 nt nt nt nt nt nt 10.4 nt 

 0.5 nt 12.2 nt nt 80.5 nt 52.6  nt 2.44 nt nt 12.1 nt nt 8.35 7.41 1.53 

 1.0 nt 12.6 5.27 nt 104.0 20.9 47.7  nt 3.08 2.61 nt 10.5 nt nt 6.23 13.2 3.34 

 2.0 nt 20.7 9.93 nt 144.4 37.6 45.5  nt 4.89 6.73 nt 12.3 nt nt 7.18 16.3 3.82 

 5.0 nt 29.8 12.0 nt 421.3 35.3 28.5  nt 2.36 5.75 nt 16.1 nt nt 12.9 17.3 6.18 

OMV:T 0.1 1.30 2.22 nt 23.0 10.3 nt 35.8 3.78 0.38 nt 7.72 nt 2.66 nt 5.71 4.35 nt 

 0.2 1.69 2.74 nt 17.6 12.6 nt 41.2 3.71 0.58 nt 8.51 nt 4.78 nt 3.88 5.26 nt 

 0.5 2.17 3.51 nt 29.5 13.0 nt 44.3 4.48 1.09 nt 9.24 4.84 4.57 2.67 6.80 5.64 1.02 

 1.0 1.29 2.50 0.87 13.6 13.1 0.70 34.7 4.98 1.08 0.78 13.5 4.17 4.21 2.40 5.47 8.23 1.47 



 

  

 0 

1 Cytokines were measured in the supernatant of monocyte and macrophage cultures from different donors (D1, D2, D3, D4) exposed for 24 h to culture medium alone 1 
(medium), LPS (10 ng/mL) or increasing concentrations of unconjugated OMV (OMV), the soluble S. mansoni antigens CD59.2 and TSP-2, and their complexes with OMV 2 
(OMV:D and OMV:T). Concentration of OMV, OMV:D and OMV:T are referring to the carried antigen rather than the overall OMV mass, which is about 10x higher. 3 
Results are the mean values of 2 technical replicates per each donor and are expressed in ng/106 cells. SD are always <5% and are not shown. Undetectable cytokine levels 4 
are shown as zero. nt = not tested.  5 

 2.0 0.18 2.16 0.89 9.87 1.75 0.83 20.6 4.89 1.26 1.57 10.6 3.05 4.73 3.15 4.27 5.98 1.19 

 5.0 nt 1.16 0.84 nt 8.25 0.07 4.69 nt 1.01 1.11 nt 3.89 nt 2.44 4.30 nt 3.53 
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Table S2. Statistical analysis of primary cytokine production by human monocytes in response to S. mansoni 

antigens 

Sample 1 Sample 2 
Monocytes Macrophages 

TNF IL-6 IL-10 TNF IL-6 IL-10 

medium LPS 0.001 0.05 ns .0001 .0001 ns 

 OMV 0.1 0.01 0.01 ns nt nt nt 

 OMV 0.2 0.001 0.01 ns nt nt nt 

 OMV 0.5 0.0001 0.05 ns 0.0001 0.0001 0.0001 

 OMV 1.0 0.0001 0.01 0.0001 0.0001 0.0001 0.0001 

 OMV 2.0 0.0001 0.05 0.0001 0.0001 0.0001 0.0001 

 OMV 5.0 0.0001 ns 0.0001 0.0001 0.0001 0.0001 

 CD59.2 0.1 ns ns ns nt nt nt 

 CD59.2 0.2 ns ns ns nt nt nt 

 CD59.2 0.5 ns ns ns ns ns ns 

 CD59.2 1.0 ns ns ns ns ns ns 

 CD59.2 2.0 ns ns ns ns ns ns 

 CD59.2 5.0 ns ns ns ns ns ns 

 TSP-2 0.1 ns ns ns nt nt nt 

 TSP-2 0.2 ns ns ns nt nt nt 

 TSP-2 0.5 ns ns ns ns ns ns 

 TSP-2 1.0 ns ns ns ns ns ns 

 TSP-2 2.0 ns ns ns ns ns ns 

 TSP-2 5.0 ns ns ns 0.05 ns ns 

 OMV:D 0.1 0.0001 ns ns nt nt nt 

 OMV:D 0.2 0.0001 0.0001 ns nt nt nt 

 OMV:D 0.5 0.0001 0.0001 ns 0.0001 0.0001 ns 

 OMV:D 1.0 0.0001 0.01 ns 0.0001 0.0001 0.0001 

 OMV:D 2.0 0.0001 0.01 ns 0.0001 0.0001 0.0001 

 OMV:D 5.0 0.0001 0.0001 ns 0.0001 0.0001 0.0001 

 OMV:T 0.1 ns ns ns nt nt nt 

 OMV:T 0.2 ns ns ns nt nt nt 

 OMV:T 0.5 0.001 ns ns 0.0001 0.0001 ns 

 OMV:T 1.0 ns ns ns 0.0001 0.0001 0.05 

 OMV:T 2.0 ns ns ns 0.0001 0.0001 ns 

 OMV:T 5.0 ns ns ns 0.0001 0.0001 0.0001 

OMV 0.1 OMV:D 0.1 ns ns ns nt nt nt 

 OMV:T 0.1 ns ns ns nt nt nt 

OMV 0.2 OMV:D 0.2 ns ns ns nt nt nt 

 OMV:T 0.2 ns ns ns nt nt nt 

OMV 0.5 OMV:D 0.5 0.0001 ns ns 0.0001 0.0001 0.0001 

 OMV:T 0.5 ns ns ns .001 ns 0.0001 

OMV 1.0 OMV:D 1.0 0.0001 ns 0.05 ns 0.01 0.0001 

 OMV:T 1.0 0.0001 ns 0.0001 0.0001 0.01 0.0001 

OMV 2.0 OMV:D 2.0 0.0001 ns 0.0001 0.0001 0.001 0.0001 

 OMV:T 2.0 0.0001 ns 0.0001 0.0001 0.01 0.0001 

OMV 5.0 OMV:D 5.0 0.0001 0.0001 0.0001 0.001 0.0001 0.0001 

 OMV:T 5.0 0.0001 0.01 0.0001 0.0001 0.0001 0.0001 

CD59.2 0.1 OMV:D 0.1 0.0001 ns ns nt nt nt 

CD59.2 0.2 OMV:D 0.2 0.0001 ns ns nt nt nt 

CD59.2 0.5 OMV:D 0.5 0.0001 0.05 0.01 0.0001 0.0001 0.05 

CD59.2 1.0 OMV:D 1.0 0.0001 ns ns 0.0001 0.0001 0.0001 

CD59.2 2.0 OMV:D 2.0 0.0001 0.05 0.01 0.0001 0.0001 0.05 

CD59.2 5.0 OMV:D 5.0 0.0001 0.0001 ns 0.0001 0.0001 0.0001 

TSP-2 0.1 OMV:T 0.1 ns ns ns nt nt nt 

TSP-2 0.2 OMV:T 0.2 ns ns ns nt nt nt 

TSP-2 0.5 OMV:T 0.5 0.01 ns ns 0.0001 0.0001 ns 

TSP-2 1.0 OMV:T 1.0 ns ns ns 0.0001 0.0001 ns 

TSP-2 2.0 OMV:T 2.0 ns ns ns 0.05 0.0001 ns 

TSP-2 5.0 OMV:T 5.0 ns ns ns 0.05 0.01 0.0001 

The table reports the p values (values are < of the indicated thresholds) obtained from the statistical analyisis of the experimental 

data in Figure 2 (2–4 replicates from one representative donor). The concentrations of the stimuli used, indicated in the first two 

columns, are in g/mL (see Figure 2). ns = not significant; nt = not tested 

  



 

Table S3. Memory response of human monocytes from different donors primed with S. mansoni antigens 

Priming1 Challenge2 

Cytokine production3 

TNF IL-10 

D1 D2 D3 D1 D2 D3 

medium medium 0.00 0.00 0.00 0.00 0.00 0.00 

 LPS 4.20 2.43 3.25 0.19 0.20 0.08 

 OMV 3.75 6.32 14.51 1.12 8.62 6.48 

 SmCD59.2 0.08 2.04 0.15 0.00 0.22 0.00 

 SmTSP-2 0.11 1.88 1.37 0.00 0.29 0.03 

 OMV:D 9.49 10.20 18.43 1.39 1.18 1.11 

 OMV:T 2.65 2.62 9.99 1.47 0.96 1.93 

LPS medium 0.00 0.00 0.00 0.00 0.00 0.00 

 LPS 1.94 0.46 1.01 0.31 0.15 0.40 

 OMV nt 1.32 2.21 nt 1.32 2.21 

OMV medium 0.00 0.00 0.00 0.00 0.00 0.00 

 LPS 1.29 0.51 0.00 0.23 0.20 0.46 

 OMV 3.21 1.47 0.81 0.97 6.53 5.53 

SmCD59.2 medium 0.00 0.32 0.00 0.00 0.05 0.00 

 LPS 4.44 3.43 6.82 0.27 0.40 0.01 

 SmCD59.2 0.00 1.96 0.20 0.00 0.19 0.00 

SmTSP-2 medium 0.00 0.00 0.00 0.00 0.00 0.00 

 LPS 3.72 2.39 6.54 0.00 0.18 0.02 

 SmTSP-2 0.00 1.75 1.06 0.00 0.20 0.03 

OMV:D medium 0.00 0.00 0.00 0.09 0.00 0.00 

 LPS 2.65 1.06 0.16 0.90 0.19 0.26 

 OMV:D 5.72 2.99 1.22 0.65 0.81 1.38 

OMV:T medium 0.00 0.00 0.00 0.00 0.00 0.00 

 LPS 0.72 0.52 0.06 0.29 0.26 0.30 

 OMV:T 1.32 0.74 0.17 0.72 0.38 0.68 

1 Human monocytes were primed for 24 h with culture medium alone (medium), LPS (1 ng/mL), OMV (1.0 g/mL), SmCD59.2 (0.1 

g/mL), SmTSP-2 (0.1 g/mL), OMV:D (1.0 g/mL, containing 0.1 g antigen/mL) or OMV:T (1.0 g/mL, containing 0.1 g 

antigen/mL), then the stimuli were removed and fresh culture medium was added. 2 After priming, cells were cultured in the absence 

of stimuli for 6 days, then washed and challenged for 24 h with medium alone (negative control), LPS (10 ng/mL, positive control), 

OMV (10 g/mL), SmCD59.2 (1.0 g/mL), SmTSP-2 (1.0 g/mL), OMV:D (10 g/mL, containing 1.0 g antigen/mL) or OMV:T (10 

g/mL, containing 1.0 g antigen/mL). 3 Cytokine production was measured in the 24-h supernatant of challenged cells by specific 

ELISA and expressed as ng/106 cells. The values of three individual donors (D1, D2, D3) are reported, each being the average of two 

technical replicates. Undetectable cytokine levels are shown as zero. nt = not tested.  



 

Table S4. Statistical analysis of memory responses of human monocytes primed with S. mansoni antigens 

Sample 1 
(priming/challenge) 

Sample 2 
(priming/challenge) 

TNF IL-10 

medium/medium medium/LPS 0.0001 ns 

 medium/OMV 0.0001 0.0001 

 medium/CD59.2 ns ns 

 medium/TSP-2 ns ns 

 medium/OMV:D 0.0001 0.0001 

 medium/OMV:T 0.0001 0.0001 

LPS/medium LPS/LPS ns 0.01 

 LPS/OMV 0.001 0.0001 

OMV/medium OMV/LPS ns 0.01 

 OMV/OMV ns 0.0001 

CD59.2/medium CD59.2/LPS 0.0001 ns 

 CD59.2/CD59.2 ns ns 

TSP-2/medium TSP-2/LPS 0.0001 ns 

 TSP-2/TSP-2 ns ns 

OMV:D/medium OMV:D/LPS ns ns 

 OMV:D/OMV:D ns 0.0001 

OMV:T/medium OMV:T/LPS ns ns 

 OMV:T/OMV:T ns 0.0001 

medium/LPS LPS/LPS 0.001 ns 

 OMV/LPS 0.0001 0.05 

 CD59.2/LPS 0.0001 ns 

 TSP-2/LPS 0.0001 ns 

 OMV:D/LPS 0.0001 ns 

 OMV:T/LPS 0.0001 ns 

medium/OMV LPS/OMV 0.0001 0.0001 

 OMV/OMV 0.0001 0.0001 

medium/CD59.2 CD59.2/CD59.2 ns ns 

medium/TSP-2 TSP-2/TSP-2 ns 0.05 

medium/OMV:D OMV:D/OMV:D 0.0001 ns 

medium/OMV:T OMV:T/OMV:T 0.0001 0.0001 

The table reports the p values (values are < of the indicated thresholds) obtained from the statistical analysis of the experimental data 

in Figure 3 (2-4 replicates from one representative donor). ns = not significant.  



 

Table S5. Statistical analysis of primary and memory responses to K. pneumoniae bacteria and their LPS 

Sample 1 Sample 2 Monocytes Macrophages 

medium K.p. 0.1 0.01 0.01 

 K.p. 1.0 0.05 0.0001 

 K.p. 10 0.0001 0.0001 

 LPS 0.1 ns ns 

 LPS 1.0 0.0001 0.0001 

 LPS 10 0.0001 0.0001 

K.p. 0.1 K.p. 1.0 ns 0.01 

 K.p. 10 ns 0.0001 

 LPS 0.1 ns 0.01 

K.p. 1.0 K.p. 10 ns 0.0001 

 LPS 1.0 0.0001 0.0001 

K.p. 10 LPS 10 0.0001 ns 

LPS 0.1 LPS 1.0 0.0001 0.0001 

 LPS 10 ns .01 

medium/medium medium/K.p. 0.0001 0.0001 

 K.p. 0.1/K.p. ns 0.01 

 K.p. 1.0/K.p. ns ns 

 K.p. 10/K.p. ns ns 

 medium/LPS 0.01 0.001 

 LPS 0.1/LPS 0.01 0.001 

 LPS 1.0/LPS 0.05 0.05 

 LPS 10/LPS ns ns 

medium/K.p. K.p. 0.1/K.p. 0.0001 0.01 

 K.p. 1.0/K.p. 0.0001 0.001 

 K.p. 10/K.p. 0.0001 0.0001 

 medium/LPS 0.0001 ns 

K.p. 0.1/K.p. K.p. 1.0/K.p. ns ns 

 K.p. 10/K.p. ns .05 

 LPS 0.1/LPS ns ns 

K.p. 1.0/K.p. K.p. 10/K.p. ns ns 

 LPS 1.0/LPS ns ns 

K.p. 10/K.p. LPS 10/LPS ns ns 

medium/LPS LPS 0.1/LPS ns ns 

 LPS 1.0/LPS ns 0.05 

 LPS 10/LPS 0.01 0.01 

LPS 0.1/LPS LPS 1.0/LPS ns ns 

 LPS 10/LPS 0.01 0.05 

LPS 1/LPS LPS 10/LPS 0.05 ns 

The table reports the p values obtained from the statistical analyisis of the experimental data in Figure 4 (2-4 replicates from two 

donors). The first part of the table refers to the primary response of monocytes and macrophages to different doses of K. pneumoniae 

bacteria (K.p.) and the corresponding doses of K. pneumoniae LPS (LPS) (upper panels of Figure 4). The second part of the table reports 

the comparisons of memory responses, in which each sample is defined by the combination of priming and challenge stimulations. 

Thus, as an example, medium/K. p. is the sample in which cells were primed with medium and challenged with K. pneumoniae 

bacteria. The dose of K. pneumoniae bacteria and LPS at challenges are fixed (10; i.e., 10 bacteria per cell in the case of K. pneumoniae 

bacteria, and 10 ng/mL in the case of LPS) and are not indicated in the table, while the different doses used at priming are shown. ns 

= not significant. 


