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Aim: This study investigated the humoral response against SARS-CoV-2 in patients needing intensive care
unit (ICU) care compared with those on general medicine wards. Materials & methods: The authors
retrospectively reviewed 113 hospitalized patients with COVID-19. They assessed antibody response
against five SARS-CoV-2 epitopes at 6–14 days post symptom onset in these patients. Results: Patients
with ICU admissions had decreased anti-nucleocapsid immunoglobulin (Ig)M and increased anti-spike IgG
compared with patients not requiring the ICU. IgG levels were positively correlated with length of stay.
Conclusion: Higher levels of IgG against the spike protein correlate with COVID-19 disease severity and
length of stay in hospitalized patients. This adds to the knowledge of biochemical response to clinical
disease and may help predict ICU needs.

Plain language summary: This study analyzed blood samples in patients hospitalized with COVID-19 at
6–14 days after their initial symptom onset. Those who needed care in the intensive care unit had lower
levels of an early antibody (IgM) to a protein inside the virus and higher levels of a later antibody (IgG) to
the spike protein on the outer viral membrane. Higher IgG levels were also associated with longer hospital
stays.
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The respiratory virus SARS-CoV-2 has caused unexpectedly high mortality and morbidity since the outbreak
began. As of 1 November 2021, over 250 million confirmed cases and 5 million deaths have been reported
worldwide due to COVID-19 [1]. This disease has led to a shortage of hospital beds, particularly in intensive care
units (ICUs), and increasing pressure on staff and healthcare resources. The COVID-19 pandemic has launched
multiple diagnostic platforms offering rapid data that have significant impact on patient care. Serologic testing for
antibodies is an accepted modality for monitoring pathogen response, allowing the determination of prior infection
and/or vaccination, but specific data allowing a precise understanding of humoral response to SARS-CoV-2 are
still accumulating [2]. Pro-inflammatory markers may be used to track patients’ disease progression, but increased
understanding of antibody timing, class and level could help better stratify risk stratification, such as those who will
require ICU level of care [3]. This is especially true with the emergence of SARS-CoV-2 variants, with the potential
to increase hospitalizations.

The SARS-CoV-2 genome encodes the S protein, which mediates cellular infection and is divided into two
subunits: S1 and S2. The S1 subunit contains the receptor binding domain (RBD), which facilitates viral entry into
cells. The S2 subunit enables viral membrane and host cellular membrane fusion [4]. Given these critical properties,
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the S protein became the primary target for vaccination-induced immunity. Antibodies against this protein can be
detected within 1 to 3 weeks of natural infection, and rapid antibody production (both immunoglobulin [Ig]M
and G) occurs between 7 and 10 days from symptom onset [5,6].

This study aimed to characterize the antibody response in hospitalized COVID-19 patients to assess the relation-
ships among antibody response, disease severity and patient outcome. As antibody testing becomes more prevalent,
it is important to understand what serologic profiles may be expected in severe disease and if they may help guide
management in the hospital.

Materials & methods
The authors conducted a retrospective cohort study of hospitalized patients with COVID-19 from April to July
2020, prior to vaccine availability. The study was approved by the institutional review board. Included subjects were
≥18 years of age who had been admitted to the hospital for SARS-CoV-2 infection, confirmed by nasopharyngeal
or oropharyngeal nucleic acid amplification testing on either the Panther Fusion (Hologic, MA, USA) or the Abbott
ID Now platform (Abbott Laboratories, IL, USA).

Baseline comorbidities, hospital course and mortality were collected from the electronic medical record. Date
of symptom onset was determined by retrospective chart review. Serum samples available between 6 and 14 days
following symptom onset were assayed for the study. Patients were stratified by severity of disease, with less severe
disease defined as hospitalization only on a general medical floor (“ward” group) and more severe disease defined
as requiring ICU care at some point during hospitalization (“ICU” group). The requirements of ICU level of care
included – but were not limited to – intubation, vasopressor support and continuous renal replacement therapy.
Serologic assessment was done with the Maverick SARS-CoV-2 immunoassay (Genalyte, Inc., CA, USA), which
was approved by US FDA Emergency Use Authorization in February 2020. This panel analyzes IgM and IgG
response to five unique antigens from SARS-CoV-2 virus domains – nucleocapsid, spike S1 subunit, spike S1 RBD,
spike S2 subunit and spike S1S2 protein. Controls included antigens from four less virulent species of coronavirus,
influenza hemagglutinins, Middle East respiratory syndrome (MERS) virus and SARS-CoV-1. Briefly, 10 ul serum
is placed in a plate array and baseline resonance is assessed. Detection of antibodies is based on photonic ring
resonance, which detects changes in wavelength as antibodies bind to presented antigens. Results are reported in
genalyte response units (GRUs). The assay reports an overall sensitivity of 98% and specificity of 100%, as good as
or better than three other previously validated SARS-CoV-2 serologic assays [7].

Between-group baseline characteristics were compared using the Mann–Whitney test for continuous variables
and chi-squared test for categorical variables. For the primary analysis, comparisons of continuous variables and
categorical variables were performed using a one-way analysis of variance (ANOVA) or Kruskal–Wallis test.
Correlation was tested using the Spearman rank correlation. R is the Spearman rank correlation coefficient.
Statistical significance was declared at p-value ≤ 0.05, and no multiple testing adjustment was done. Analysis was
done with the statistical computing software R (https://www.r-project.org/).

Results
Sera from 113 patients hospitalized between April 2020 and July 2020 were analyzed for IgM and IgG response to
SARS-CoV-2. Average age was 61 ± 16.7 years and average BMI was 32.4 ± 9.4. The majority of patients were
Hispanic (62%) and female (58%), and comorbidities included hypertension (60%), diabetes (54%) and cancer
history (3%), with 10% actively smoking. Two patients (2%) were pregnant. Comparisons between ward patients
with no ICU needs (n = 58) and ICU patients who required ≥1 ICU day during hospitalization (n = 55) revealed
no significant differences in background demographics or health characteristics (Tables 1 & 2). The ICU group
had a significantly longer length of stay (mean 28 vs 9 days; p ≤ 0.0001) and had higher mortality (40% vs 7%;
p ≤ 0.0001) (Table 1).

There was a significantly lower IgM response to the nucleocapsid protein in the ICU versus the ward cohort
(p = 0.0316). IgM response to the S protein subunits (including RBD) did not differ significantly between the ICU
and ward groups (Figure 1A). However, IgG response against S1 and S2 subunits in the SARS-CoV-2 S protein was
significantly higher in the ICU cohort (p = 0.0096 for S1; p = 0.0063 for S2; and p = 0.0064 for S1S2) (Figure 1B).
IgG antibodies against the nucleocapsid and RBD antigens of SARS-CoV-2 were also increased in the ICU group
but did not reach statistical significance (p = 0.0575 and 0.0650, respectively).

Neither group showed cross reactivity to SARS-CoV-1, MERS or H1 antigens, and none of these antibody
levels showed significant differences between ward and ICU patients (Supplementary Figure 1). Length of stay for
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Table 1. Demographic characteristics of study sample (n = 113).
Characteristic Observations, n (%) p-value†

ICU patients (n = 55) Wards patients (n = 58)

Age, years (M, SD) 63.29 (13.62) 59.21 (19.12) 0.153

Sex

Male 18 (32.7) 30 (51.7) 0.136

Female 37 (67.3) 28 (48.3)

Race and ethnicity

White 7 (12.7) 11 (19.0) 0.508

Black 1 (1.8) 2 (3.4)

Asian 4 (7.3) 4 (6.9)

Hispanic 33 (60.0) 37 (63.8)

Other 1 (1.8) 0 (0)

Unknown 9 (16.4) 4 (6.9)

BMI (M, SD) 34.50 (11.45) 30.42 (6.30) 0.181

Length of stay, days (M, SD) 28.40 (18.14) 8.98 (5.72) �0.0001

ICU length of stay, days (M, SD) 20.93 (15.29) 0 (0) �0.0001

From symptom to labs, days (M, SD) 8.78 (1.83) 8.88 (2.19) 0.963

†p-value significance is set at 0.05. p-values from Mann–Whitney test for continuous variables and chi-squared test for categorical variables.
ICU: Intensive care unit; M: Mean; SD: Standard deviation.

Table 2. Health characteristics of study sample (n = 113).
Characteristic Observations, n (%) p-value†

ICU patients (n = 55) Wards patients (n = 58)

Hypertension 37 (67.3) 31 (53.4) 0.155

Diabetes mellitus 35 (63.6) 26 (44.8) 0.062

Nonhematologic cancer, on chemotherapy 0 (0) 1 (1.7) �0.999

Nonhematologic cancer, not on chemotherapy 0 (0) 1 (1.7) �0.999

Hematologic cancer, on chemotherapy 0 (0) 1 (1.7) �0.999

Hematologic cancer, not on chemotherapy 0 (0) 0 (0) –

Use of anti-hypertensive medications

Calcium channel blocker 13 (23.6) 9 (15.5) 0.312

Beta blocker 14 (25.5) 13 (22.4) 0.739

ACE-inhibitor use 25 (45.5) 17 (29.3) 0.065

Diuretic 14 (25.5) 7 (12.1) 0.081

Central agonist 1 (1.8) 0 (0) 0.955

Vasodilator 3 (5.5) 1 (1.7) 0.533

Use of disease modifying anti-rheumatic drugs 2 (3.6) 0 (0) 0.213

Current smoker 4 (7.3) 7 (12.1) 0.131

Pregnant 0 (0) 2 (3.4) 0.499

Mortality 22 (40.0) 4 (6.9) �0.0001

†p-value significance is set at 0.05. p-values from Mann–Whitney test for continuous variables and chi-squared test for categorical variables.
ACE: Angiotensin-converting enzyme; ICU: Intensive care unit; M: Mean; SD: Standard deviation.

all patients was positively correlated with IgG levels against the nucleocapsid (R: 0.24), S1 (R: 0.35), S1RBD (R:
0.32), S1S2 (R: 0.24) and S2 (R: 0.23), as seen in Figure 2. IgM was not correlated to length of stay (Figure 2).
Additionally, there was no significant association between mortality during hospitalization and humoral response
as assessed by the serology panel. Specifically, neither IgM nor IgG against any of the five components of the
SARS-CoV-2 virus had a significant association in the 26 patients who died during their hospitalization.

future science group 10.2144/fsoa-2021-0126



Short Communication Tamizuddin, Cham, Ghiasi et al.

G
R

U

600

400

ICU

Ward

Severity

200

0

CoV
2N

C.Ig
M

Antibody

CoV
2S

1.
Ig

M

CoV
2S

1R
BD.Ig

M

CoV
2S

1S
2.

Ig
M

CoV
2S

2.
Ig

M
G

R
U

600

400

ns ** ns ** **

200

0

CoV
2N

C.Ig
G

Antibody

CoV
2S

1.
Ig

G

CoV
2S

1R
BD.Ig

G

CoV
2S

1S
2.

Ig
G

CoV
2S

2.
Ig

G

ICU

Ward

Severity

ns ns ns ns*

Figure 1. Immunoglobulin M and G in SARS-CoV-2 patients. (A) Antibody response to five SARS-CoV-2 epitopes in ICU patients versus
general medical ward patients was assessed in GRUs for IgM and IgG. (B) Antibody response at a median of 8 days after symptom onset.
Patients requiring ICU admission had lower levels of IgM against the nucleocapsid protein (CoV2NC.IgM) and higher levels of IgG against
three out of four S protein domains (CoV2S1.IgG, CoV2S1S2.IgG, CoV2S2.IgG) compared with those who were managed on general
medical floors (ward group).
*p < 0.05; **p < 0.01.
GRUs: Genalyte response units; ICU: Intensive care unit; Ig: Immunoglobulin.
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Figure 2. SARS-CoV-2 immunoglobulin G levels correlated with hospital length of stay. Correlation between antibody response was
measured in GRUs to five SARS-CoV-2 epitopes and length of stay in hospitalized patients with COVID-19. IgM (top) and IgG (bottom) to
five SARS-CoV-2 epitopes were measured. IgM was not significantly correlated with length of stay. IgG response to the nucleocapsid
(CoV2NC.IgG) and all four S protein domains (CoV2S1.IgG, CoV2S1RBD.IgG, CoV2S1S2.IgG, CoV2S2.IgG) was positively correlated to
length of stay.
GRUs: Genalyte response units; Ig: Immunoglobulin.
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Discussion
This study aimed to assess the relationships among serology, disease severity and patient outcomes in hospitalized
COVID-19 patients. As antibody testing becomes more prevalent, it is important to understand what serologic
profiles may be expected in severe disease and if they can help guide management in the hospital. While several
studies have revealed an association between severe disease and a higher IgG response to the SARS-CoV-2 S protein,
others have shown either no association or lower IgG levels in those with severe symptoms [8–10]. In the present
study, more severe disease requiring ICU care was associated with lower levels of IgM to SARS-CoV-2 nucleocapsid
protein and higher levels of circulating IgG antibody to S protein at a mean of 9 days (median of 8 days) following
symptom onset. This is in contrast to previous studies that have not seen a significant change at the same time
point [8]. The present study is a large cohort with one of the most diverse epitope profiles studied to date, allowing
for improved understanding of the humoral response to SARS-CoV-2 natural infection.

Early humoral antibody response to SARS-CoV-2, specifically lower IgM and higher IgG, may play a role in
more severe disease or a more prolonged disease course, as seen in patients who require ICU level of care [5,6].
Anti-S IgG is detected at least 180 days after seroconversion and is the target for vaccination immunity because
of its pivotal role in viral neutralization and disease prevention [11]. The present study’s results show it is also an
important correlate of disease severity and length of stay. A lower initial IgM antibody response may allow for
increased levels of early viral replication and result in progression to severe disease [12]. The present study reinforces
the association between severe infection requiring ICU admission and a higher early IgG response against multiple
S protein regions [5,6]. This contrasts with some previous studies showing no significant increase in IgG levels
during the same time intervals [10]. It remains unclear mechanistically why this is observed but may be due in
part to higher viral load in those with severe disease, resulting in earlier and more robust activation of antibody
production [13]. Alternatively, robust antibody response may be responsible for severe disease through antibody-
dependent inflammation. Several studies have demonstrated an association between severe COVID-19 infection
and increased production of S protein-specific IgG with altered glycosylation, specifically with decreased IgG1
fucosylation. Increased levels of these antibodies may enhance the production of pro-inflammatory cytokines and
contribute to severe disease [14]. The present study’s data confirm a positive correlation between IgG response to
the nucleocapsid and the S proteins and length of stay.

The limitations of this study include most sample collection occurring at a median of 8 days post symptom onset,
which had benefits in standardizing expected antibody response but did not allow longitudinal data evaluation.
The authors did not assess for viral neutralization, making it difficult to theorize about whether the increased IgG
response is a result or a cause of severe disease. Additionally, sample size and group similarity likely limited the
ability to establish the significant associations between background characteristics and disease severity that are seen
in other studies, including age, gender, obesity and diabetes [15,16].

Though higher levels of IgG were significantly associated with worse severity and longer hospital stay, overall
mortality was not significantly correlated with any antibody response. This may be due to sample size, as only
26 patients died prior to discharge, and additional studies should evaluate IgG response and mortality in a larger
population. As new variants of SARS-CoV-2 continue to evolve, understanding the patterns of anti-nucleocapsid
IgM and anti-S IgG after native and/or breakthrough infection will be vital to understanding immunity and relative
disease protection.

Conclusion
In conclusion, robust IgG response, particularly against the spike protein, was associated with more severe disease
from SARS-CoV-2, as indicated by increased need for ICU care and increased length of stay in the hospital.
Conversely, severe disease was associated with lower IgM against the nucleocapsid protein. These differences in
antibody response at a standard time interval (8 days post symptom onset) may be useful in triaging patients and
predicting hospitalization needs in the future.
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Summary points

Introduction
• The COVID-19 pandemic has caused significant morbidity and mortality and continues to drain resources among

hospitals and healthcare professionals.
• Antibody testing has been developed that can assess levels of humoral immunity to multiple SARS-COV-2 proteins.
Materials & methods
• This retrospective analysis of sera from 113 hospitalized COVID-19 patients at 6–14 days (median: 8 days) post

symptom onset correlated intensive care unit needs and length of stay with antibody titers.
Results
• Intensive care unit admission for patients with COVID-19 was associated with depressed anti-SARS-CoV-2

immunoglobulin (Ig)M response to the nucleocapsid protein and elevated anti-SARS-CoV-2 IgG response to the S
protein.

• Length of stay was positively correlated with higher levels of IgG to both the S and the nucleocapsid proteins;
IgM did not correlate with length of stay.

Discussion
• Patients requiring intensive care unit level of care have significantly higher IgG and lower IgM antibody responses

than those hospitalized on the general medicine wards.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at: www.future-science.com/doi/

suppl/10.2144/fsoa-2021-0126

Author contributions

S Tamizuddin, J Cham, Y Ghiasi, L Borroto, C Cao, N Orendain, MM Quigley, LJ Nicholson and AC Pandey had full access to all

of the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis. Concept and

design: S Tamizuddin, Y Ghiasi, AC Pandey, LJ Nicholson. Acquisition, analysis or interpretation of data: S Tamizuddin, J Cham, Y

Ghiasi, L Borroto, MM Quigley. Drafting of the manuscript: S Tamizuddin, J Cham, Y Ghiasi, L Borroto, C Cao, N Orendain, MM

Quigley, LJ Nicholson, AC Pandey. Statistical analysis: J Cham, C Cao, N Orendain. Supervision: AC Pandey, LJ Nicholson.

Acknowledgments

The authors would like to thank J Goetz, M Malak and J Relf for their technical expertise and assistance during the course of this

study.

Financial & competing interests disclosure

The authors are providing this manuscript to the National Institutes of Health (NIH) to make it publicly available in PubMed Central

after its official date of publication in the journal. This work was supported by the National Center for Advancing Translational

Sciences, National Institutes of Health, through UL1TR002550 as well as linked award KL2TR002552 to J Cham, LJ Nicholson and

AC Pandey. The content is solely the responsibility of the authors and does not necessarily represent the official views of the NIH.

The authors have no other relevant affiliations or financial involvement with any organization or entity with a financial interest in

or financial conflict with the subject matter or materials discussed in the manuscript apart from those disclosed.

No writing assistance was utilized in the production of this manuscript.

Ethical conduct of research

The authors state that they have obtained appropriate institutional review board approval. In addition, for investigations involving

human subjects, informed consent has been obtained from the participants involved.

Open access

This work is licensed under the Creative Commons Attribution 4.0 License. To view a copy of this license, visit http://creativecomm

ons.org/licenses/by/4.0/

10.2144/fsoa-2021-0126 Future Sci. OA (2022) FSO783 future science group

https://www.future-science.com/doi/suppl/10.2144/fsoa-2021-0126
http://creativecommons.org/licenses/by/4.0/


Hospitalization requiring ICU due to SARS-CoV-2 infection correlated with IgM depression and IgG elevation Short Communication

References
Papers of special note have been highlighted as: • of interest

1. Dong E, Du H, Gardner L. An interactive web-based dashboard to track COVID-19 in real time. Lancet Infect. Dis. 20(5), 533–534
(2020).

2. Altawalah H. Antibody responses to natural SARS-CoV-2 infection or after COVID-19 vaccination. Vaccines 9(8), 910 (2021).

3. Mahat RK, Panda S, Rathore V, Swain S, Yadav L, Sah SP. The dynamics of inflammatory markers in coronavirus disease-2019
(COVID-19) patients: a systematic review and meta-analysis. Clin. Epidemiol. Glob. Health 11, 100727 (2021).

4. Hoffmann M, Kleine-Weber H, Schroeder S et al. SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2 and is blocked by a
clinically proven protease inhibitor. Cell 181(2), 271–80.e8 (2020).

5. Long QX, Liu BZ, Deng HJ et al. Antibody responses to SARS-CoV-2 in patients with COVID-19. Nat. Med. 26(6), 845–848 (2020).

6. Qu J, Wu C, Li X et al. Profile of immunoglobulin G and IgM antibodies against severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). Clin. Infect. Dis. 71(16), 2255–2258 (2020).

7. Ikegami S, Benirschke RC, Fakhrai-Rad H et al. Target specific serologic analysis of COVID-19 convalescent plasma. PLoS One 16(4),
e0249938 (2021).

8. Guthmiller JJ, Stovicek O, Wang J et al. SARS-CoV-2 Infection severity is linked to superior humoral immunity against the spike. mBio
12(1), e02940–e03020 (2021).

• The authors show that patients with more severe COVID-19 produce a more robust IgG response against the spike protein and
generate a larger memory B cell response to the spike protein.

9. Roltgen K, Powell AE, Wirz OF et al. Defining the features and duration of antibody responses to SARS-CoV-2 infection associated with
disease severity and outcome. Sci. Immunol. 5(54), eabe0240 (2020).

10. Sun B, Feng Y, Mo X et al. Kinetics of SARS-CoV-2 specific IgM and IgG responses in COVID-19 patients. Emerg. Microbes Infect. 9(1),
940–948 (2020).

11. Lumley SF, Wei J, O’Donnell D et al. The duration, dynamics, and determinants of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) antibody responses in individual healthcare workers. Clin. Infect. Dis. 73(3), e699–e709 (2021).

• Although anti-nucleocapsid antibody response wanes relatively quickly, anti-spike IgG remains elevated for longer periods of
time (at least 180 days).

12. Yadav AK, Ghosh S, Kotwal A et al. Seroconversion among COVID-19 patients admitted in a dedicated COVID hospital: a longitudinal
prospective study of 1000 patients. Med. J. Armed Forces India 77(2), S379–S384 (2021).

13. Fajnzylber J, Regan J, Coxen K et al. SARS-CoV-2 viral load is associated with increased disease severity and mortality. Nat. Commun.
11(1), 5493 (2020).

14. Chakraborty S, Gonzalez J, Edwards K et al. Proinflammatory IgG Fc structures in patients with severe COVID-19. Nat. Immunol.
22(1), 67–73 (2021).

15. Jain V, Yuan JM. Predictive symptoms and comorbidities for severe COVID-19 and intensive care unit admission: a systematic review
and meta-analysis. Int. J. Public Health 65(5), 533–546 (2020).

16. Zhou Y, Chi J, Lv W, Wang Y. Obesity and diabetes as high-risk factors for severe coronavirus disease 2019 (COVID-19). Diabetes
Metab. Res. Rev. 37(2), e3377 (2021).

future science group 10.2144/fsoa-2021-0126



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


