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Abstract 

Introduction: Early HIV replication in the gastrointestinal tract plays an important role in HIV 
pathogenesis. We have followed the onset of the acquired immune deficiency disease (AIDS) 
pandemic and human immunodeficiency virus (HIV) infection from its recognition in the US since 
1981 [1] describing the disease’s impact on T-lymphocytes [2], leading to pulmonary and renal 
diseases, cancer [3] and fibrosis [4]. The development of an effective therapeutic combination anti-
retroviral therapy (cART) has revolutionized HIV’s impact globally and HIV infection is now 
regarded as a chronic disease. A major inflammatory component for chronic HIV is the 
gastrointestinal tract (GIT) which is a major site for HIV replication and persistence [5]. Patients and 
Methods: From patients enrolled in a colorectal neoplasia prediction study [6] we followed 34 adult 
HIV positive Veterans on cART comparing colon InImS expression of a Paneth cell product, p87; the 
denominator) and blood ferritin (the numerator) to derive the FERAD ratio, and p87 expression by 
immunohistochemistry available in some of our HIV patients, and compare expression to 2,252 
without HIV. Stool and colonoscopically-obtained tissue specimens were run in a p87 ELISA and 
immunohistochemistry for both fixed and native antigens, using the Adnab-9 antibody. Results: 
There were no significant differences in demographics aside from lower BMI in HIV patients 
(24.93±6.30 versus 28.0±6.13 kg/m2) p<0.0001. HIV patients also had lower serum creatinine (0.99±0.23 
versus 1.28±1.89; p<0.0001) and were heavier smokers 88.9% vs 43.7% (OR 10.29[CI1.28-
82.77];p<0.008) and more frequent alcohol drinkers 71.4% vs 25.1% (OR 6.0 [CI1.7-20.9]) than controls. 
Native p87 antigen was elevated in HIV patients compared to controls in the ascending, transverse 
and descending colon (0.794±0.890 versus 0.170±0.201 respectively; p<0.000004; 1.062±0.730 versus 
0.202±0.377 respectively; p<0.000003; and 0.611±0.182 versus 0.174±0.251 respectively; p<0.0009), 
respectively; and Helicobacter pylori (H. pylori) detection was higher in HIV patients (84.6% versus 
36%;p<0.0002). We also ran these assays in cancer patients, for comparison. Conclusions: Colonic 
inflammation as expressed by p87, a Paneth cell product is significantly elevated in HIV patients and 
likely represents continued HIV activity leading to inflammation. Increased rates of smoking and 
drinking alcohol further contribute to inflammation, but there may be an ability to reduce p87 
expression by intervention with folates [7] and manipulation of the abnormal HIV patient 
microbiome [8] may be effective therapies that warrant further study. 
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1. Introduction 

The acquired immune deficiency syndrome (AIDS) was first recognized in 1981 [1] and human 
immunodeficiency virus (HIV) in 1983. 91.4 million people have acquired HIV and 44.1 million have 
died from HIV-related causes. Its role in CD4+ T cell depletion, progressive immunodeficiency and 
vulnerability to opportunistic and intercurrent infections and the reversal of immunodeficiency with 
combination anti-retroviral therapies (cART), reversed immunodeficiency and has restored a normal 
lifespan in the most people living with HIV. The gastrointestinal tract (GIT) is a major site of HIV 
replication, persistence and pathology [9,10]. the HIV latent reservoir and contributes to ongoing 
inflammation that contributes to noncommunicable diseases such as atherosclerosis [5] few tools are 
available to assess innate immunity in patients on cART. We established database with over 2,000 
participants of the Non-Invasive Prediction of Colorectal Neoplasia (NIPCON) study [6] to 
investigate intervention with folates [7], microbiome status, and persistence of pathology [9,10] and 
mortality [1]. We now present innate immune system biomarkers associated with Paneth cells, in 
patients on cART where inflammation also predicts mortality [5]. We also measured p87, derived 
from Paneth cells, from colonic effluent and stool and also in extracted colonic biopsies. We used 
available ferritin levels to derive the FERAD ratio (ferritin/fecal p87) and the FEREFF ratio 
(ferritin/effluent p87). To assess other predictive ratios, we used the absolute neutrophil/ leucocyte 
count. 

2. Patients and Methods 

The numbers of patients initially enrolled with subsequent attrition is detailed in Figure 1 below. 

 

Figure 1. Overview of the Study from which the Patients and Controls were Drawn. 

Figure 1 is a schematic diagram which summarizes the retention (n=2305 from HIV and 
controls)) and separation of patients (who withdrew or were removed n=151). 

2456
enrolled

3 centers

34 HIV Patients2271 Controls 

28 Withdrew 123 Removed
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Study Population 

We followed 34 adult HIV positive Veterans on cART enrolled in a colorectal neoplasia 
predictive study [6] utilizing the gut InImS expression of the Paneth cell product p87 (the 
denominator) and blood ferritin (the numerator) to derive a ratio (FERAD) compared with the 2,252 
available controls without HIV (HIV-). 

Stool and Colonoscopy-Obtained Tissue Specimens 

These were run on p87 ELISA and immunohistochemistry assays for both fixed and native 
antigens, using the Adnab-9 antibody which recognizes p87. 

FERAD Ratio Calculation 

We compared the historic, biomarker baseline response in the test and control patients, using 
the FERAD ratio (ferritin/fecal p87) in the HIV+ patients and the HIV- control group, one in patients 
with cancer and the other in those without. We had previously refined the interrelationship of the 
FERAD ratio, correlating it to available online PDL-1 responses for diverse cancers [11]. 

The p87 Molecule 

This moiety is bound by the Adnab-9 murine monoclonal, raised against colorectal adenoma 
antigens. At initiation of the study, the antibody was commercially available (Dako, Carpinteria, CA, 
93013, USA). 

Specimen Collection, Data and Inclusion and Exclusion Criteria 

Briefly, fecal and other body fluid specimens were collected after obtaining written informed 
consent. Inclusion criteria included willingness to participate in a long-term study, and having a 
routine diagnostic colonoscopy ordered by the patient’s physician. Smoking and drinking were 
evaluated both by quantitation comparing the means (T-test) and proportions (Chi-square). There 
was also a phase-2 section of the study where approximately 10% of enrollees had cold forceps 
colonoscopic biopsies from 6 colonic regions [6]. These were placed in 10% buffered formalin and 
fixed in a paraffin block which was sectioned into 5-micron slices for immunohistochemistry. Non-
fixed tissue was extracted as described previously, comparing fixed and native antigens. The follow-
up repeat colonoscopy was usually after 4-5 years. Exclusion criteria were a state of health that 
precluded colonoscopy, the inability to annotate stool cards dates, and non-compliance. 

Colonic Washings (Effluent) Derivation and Other Bodily Fluid 

These were also collected colonoscopically from aggregated rectal pools. Unstimulated-saliva 
and urine samples were likewise collected, and stored at -70 °C. In preliminary reports, stored fecal 
samples yielded identical results after storage for 10 years. At room temperature, p87 protein was 
unaffected after exposure to ambient temperatures for 6 days. This was of importance as most 
participants mailed in their stool cards with local mail delivery, averaging approximately 5 days. 

Protein Determination 

The fecal sample protein concentrations were achieved by the Lowry method was followed by 
ELISA testing in accordance with the manufacturers’ directions and was preceded by diluting the 
stool in phosphate-buffered saline. 

ELISA p87 Assay 

5µg protein was plated in triplicate wells of a 96-well microtiter plates. The plates were 
incubated overnight at 4 °C with the primary Adnab-9 antibody that binds the p87 antigen placed on 
half the plate and the other half with a negative control monoclonal antibody of indifferent binding 
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to the same IgG2a epitope (UPC10) to assess background binding. Preliminary blocking of the plate 
by a 5% bovine serum albumin solution prevented non-specific binding. All washes between the 
primary and secondary antibodies applications were performed with PBS and 5% Tween-20. The 
reagents using the ABC technique as instructed were supplied by Vector Labs (Newark, CA 94560, 
USA) or by DakoCytomation Inc, (Carpinteria, 93013 USA) California, for immunohistochemistry. 
The sandwich ELISA final step was to add 40µl of p-nitro-phenyl phosphate to develop a yellow-
color that was read on a Thermo-Fisher (Carlsbad CA, 92008, USA) cyto-spectrophotometer at 405nm. 
The results were expressed as optical density (OD) minus background. For high background on the 
control wells and a readout of zero in test samples, we treated it as 0.001. The same reagents were 
used to run western blots on BioRad electrophoresis equipment and transfer blotters (Hercules, CA 
94547 USA) using 10% nitrocellulose gels incorporating molecular weight markers and PVDF 
membranes for protein transfer. The InImS markers, FERAD ratio and FERREF ratio (ferritin/p87 
binding to colonic effluent) were also compared. 

Permissions 

Wayne State University Institutional Review Board and other participating medical centers 
reviewed and approved the above protocols (H09-62-94). 

Statistics 

Contingency tables measuring 2 × 2 were analyzed by chi-squared and/or Fisher’s exact test. 
Ordinal data were analyzed by Student’s t test with statistical analyses performed using an online 
statistics package (Vassar Stats http://vassarstats.net/ and last access was 25 May 2025). Sensitivity, 
specificity, and positive predictive value were determined. Significance was determined when the 
probability was p<0.05. 

Linear correlation was analyzed by the least-squares method. The r coefficient values were 
depicted on graphs where applicable. Probability values were regarded as significant at the <0.05 
level. Where samples were limited, we used a 1-tailed t-test if the results were congruous with similar 
measured trends. 

We compared the historic, biomarker baseline response in the test and control patients, using 
the FERAD ratio in the HIV+ patients and the control group. one in patients with cancer and the other 
in those without. The p87 molecule is bound by the Adnab-9 murine monoclonal, raised against 
colorectal adenoma antigens [6]. At initiation of the study, the antibody was commercially available 
(Dako, Carpinteria, CA, 93013, USA). We had previously refined the interrelationship of the FERAD 
ratio, correlating it to available online PDL-1 responses for diverse cancers [11]. Briefly, fecal and 
other body fluid specimens were collected after obtaining written informed consent. Inclusion criteria 
included willingness to participate in a long-term study, and having a routine diagnostic colonoscopy 
ordered by the patient’s physician. Smoking and drinking were evaluated both by quantitation 
comparing the means (T-test) and proportions (Chi-square). There was also a phase-2 section of the 
study where approximately 10% of enrollees had cold forceps colonoscopic biopsies from 6 regions 
of the colon [6]. These were placed in 10% buffered formalin and fixed in a paraffin block which was 
sectioned into 5-micron slices for immunohistochemistry. Non-fixed tissue was extracted as 
described previously, comparing fixed and native antigens. The follow-up repeat colonoscopy was 
usually after 4-5 years. Exclusion criteria were a state of health that precluded colonoscopy, the 
inability to annotate stool cards dates, and non-compliance. 

Colonic washings (effluent) were also collected colonoscopically from aggregated pools in the 
rectum. Unstimulated-saliva and urine samples were likewise collected, and stored at -70 °C. In 
preliminary reports, stored fecal samples yielded identical results after storage for 10 years. At room 
temperature, p87 protein was unaffected after exposure to ambient temperatures for 6 days. This was 
of importance as most participants mailed in their stool cards with local mail delivery, averaging 
approximately 5 days. Protein determination of the fecal samples by the Lowry method was followed 
by ELISA testing in accordance with the manufacturers’ directions and was preceded by diluting the 
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stool in phosphate-buffered saline. Then, 5µg protein was plated in triplicate wells of a 96-well 
microtiter plates. The plates were incubated overnight at 4 °C with the primary Adnab-9 antibody 
that binds the p87 antigen placed on half the plate and the other half with a negative control 
monoclonal antibody of indifferent binding to the same IgG2a epitope (UPC10) to assess background 
binding. Preliminary blocking of the plate by a 5% bovine serum albumin solution prevented non-
specific binding. All washes between the primary and secondary antibodies applications were 
performed with PBS and 5% Tween-20. The reagents using the ABC technique as instructed were 
supplied by Vector Labs (Newark, CA 94560, USA) or by DakoCytomation Inc, (Carpinteria, 93013 
USA) California, for immunohistochemistry. 

The sandwich ELISA final step was to add 40µl of p-nitro-phenyl phosphate to develop a yellow-
color that was read on a Thermo-Fisher (Carlsbad CA, 92008, USA) cyto-spectrophotometer at 405nm. 
The results were expressed as optical density (OD) minus background. If the background was high 
on the control wells and a 0 read resulted we treated it as 0.001. The same reagents were used to run 
western blots on BioRad electrophoresis equipment and transfer blotters (Hercules, CA 94547 USA) 
using 10% nitrocellulose gels incorporating molecular weight markers and PVDF membranes for 
protein transfer. The InImS markers, FERAD ratio and FERREF ratio (ferritin/p87 binding to colonic 
effluent) were also compared. 

Wayne State University Institutional Review Board and other participating medical centers 
reviewed and approved the above protocols (H09-62-94). Contingency tables measuring 2 × 2 were 
analyzed by chi-squared and/or Fisher’s exact test. Ordinal data were analyzed by Student’s t test 
with statistical analyses performed using an online statistics package (Vassar Stats 
http://vassarstats.net/ and last access was 25 May 2025). Sensitivity, specificity, and positive 
predictive value were determined. Significance was determined when the probability was p<0.05. 

Linear correlation was analyzed by the least-squares method. The r coefficient values were 
depicted on graphs where applicable. Probability values were regarded as significant at the <0.05 
level. Where samples were limited, we used a 1-tailed t-test if the results were congruous with similar 
measured trends. 

3. Results 

The demographics of HIV+ patients and commonly used medications and cancer diagnoses are 
shown in Table 1 below. 

Table 1. HIV Patients Demographics. 

Parameters Age±sd Sex M:F Ethnicity 

B:W:H 

HIV/C Duration 

yrs±sd 

Mean FERAD 

ratio 

*HIV n=34 54.6±6.12 31:3 

91.2% 

25:7:2 

 

8.29±7.15 
54,004 NSS 

 

Controls 

n=2,252   

60.6±12.3 

p<0.008 

1908:238 

106und. 

1076:1005:25 

A=6;140 Unk 

16.02±5.55 49,956±112,448 

n-Number; C-controls; sd-Standard deviation; M-male; F-female; B:W:H:A:Unk- black: white: 
Hispanic; Asian; Und-undesignated yrs=Years; *Cancers represented: Colorectal and pancreatic 
cancer; Prostate, kidney/bladder, head & neck, small cell lung cancer; breast; liver metastasis; . 
Prevalent Meds: efavirenz, stavudine, emtricitabine, tenofovir. 

In comparing HIV patients to controls BMI was lower (24.93±6.30 versus 28.0±6.13 kg/m2) 
p<0.0001. Accordingly in deference to likely lean body mass we found serum creatinine levels to be 
significantly lower in HIV patients as compared to controls: (0.99±0.23 versus 1.28±1.89; p<0.0001). In 
terms of habits, we found HIV+ patients to be heavier smokers, ) and more frequent alcohol drinkers 
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71.4% vs 25.1% (OR 6.0 [CI1.7-20.9]) than controls. In terms of inflammation, history of H. pylori 
infection was increased in HIV+ patients as compared to controls: 84.6% versus 36%; p<0.0002. The 
proportion of various cancers within the HIV+ group is shown below in Figure 2. What is most 
intriguing is the lack of stomach cancer in the HIV+ patients in Figure 2. This is particularly interesting 
as H. pylori is quite common in many parts of the globe where gastric cancer is rare, the so-called 
Asian/African enigma which begs scrutiny of first world countries. 

 

Figure 2. is a Pie Chart Showing the Breakdown of the Various Cancers in the HIV Group. 

Comparing HIV+ patients to non-cancer HIV-controls, there were no significant differences in 
demographics aside from lower BMI in HIV+ patients (24.93±6.3 versus 28.77±6.3 kg/m2); p<0.009. 
HIV patients also had lower serum creatinine (0.98±0.23 versus 1.31±2.24;p<0.0007). We found that 
HIV+ patients were smokers (88.9%) compared to 42% of all controls (OR 11.21 [CI1.39-90.43]; 
p<0.006); and 71.4% were drinkers compared to 24.7% of controls (OR 7.64 [CI2.36-24.76]; p<0.0004). 
Table 2 shows the demographics of the 2 control groups that were compared to the HIV+ patient 
parameters in Table 1. 

Table 2. Demographic Comparison of the Two Control Groups. 

% HIV Patients with Cancer

Lung Head&Neck Prostate Pancreatic Breast Kidney

Representative Patients 542 Cancers 1,374 Non-Cancer Cont.  p Value 

Ethnicity 62%B:35%W;3%O 48.7%B;49.4%W;O1.87% <0.0001 chi-square 

Sex (%Male:Female) 91.5%Male 8.5%F 88%Male12.2%F NSS by chi-square 

Age (years±sd deviation) 64.3±10.82 54.6±6.12 <0.000002 t-Test  

BMI (bodyweight/surface 24.93±6.3 28.77±6.3 NSS Students t-Test 

% Smokers:  

FERAD ratio 

41.4% 

54,537±127,708 

35.8%(OR1.54[1.21-1.9] 

45,047±102,789 

P<0.0007 Ψsquare 

NSS=0.4 t-Test 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 December 2025 doi:10.20944/preprints202512.1544.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202512.1544.v1
http://creativecommons.org/licenses/by/4.0/


 7 of 15 

 

Footnotes: Cont- Controls; p-Probability; O=other; %-percentage; sd- Standard deviation; BMI-body 
mass index; NSS-not statistically significant. Overall, stool average protein was 359µg/ml. Students- 
Students t-Test. 

We note that 88.9% of HIV+ patients smoked as compared to 41.4% of the cancer control group 
which was significant (OR15[CI1.64-37.06];p<0.008). Of the non-cancer controls only 35.8% smoked 
(Figure 3 below). 

T-test of quantitative amounts of HIV+ smokers versus non-cancer controls (1.08±2.08 versus 
0.369±0.583)p=0.028; HIV+ smokers vs cancer controls (1.08±2.08 versus 0.479±0.493);p<0.05; Cancer 
smoker controls 0.479±0.493 vs non cancer controls 0.369±0.583), p=0.18 2-Tailed; p=0.092 1-Tailed). 

When considering alcohol, HIV+ drinkers drank more (71.4%)than non-cancer controls (24.6%) 
analyzed by non-ordinal Ψ-square (OR7.67[2.37-24.89]; p<0.0004. HIV+ drinkers versus cancer 
drinkers imbibe 24% (OR7.90[2.39-26.09]; significant at p<0.0004. Drinking non-cancer controls 
(24.6%) versus cancer patient controls (24%) were not significant (p=1). The aforementioned habits 
were probably engendered by risk-taking behavior that allows for increased HIV exposure. The lack 
of Health-Seeking behavior described in Table 4 below, in the HIV+ patients may be a reverse 
corollary to the above supposition. 

Figure 3 below shows the graphic depiction of the habits of the study patients. 

 

Figure 3. A Bar Diagram of Active Smokers and Drinkers. 

The numbers of cancers used as the cancer control group are shown below in Figure 4 below. 
Native p87 antigen was elevated compared to controls in the ascending, transverse and 

descending colons (0.794±1.090 versus 0.174±0.204 respectively; p<0.003; 1.062±0.895 versus 
0.206±0.383 respectively; p<0.003; and 0.611±0.223 versus 0.179±0.254 respectively; p<0.02), 
respectively and results are shown graphically in Figure 5 below. 

H.pylori exposure was higher in HIV+ patients (85 versus 32% all controls);OR11.7[2.57-
53.41];p<0.002). The difference in non-cancer controls (31%); versus HIV+ patients was also significant 
(OR12.35[2.69-56.7];p<0.0002; and, also for the cancer controls (34.3%); (OR10.53[2.26-49.09];p<0.0006. 

Since HIV-associated inflammation is a concomitant of the disease, we looked at the various 
organ systems involved for a better understanding of the degree of inflammation as summarized in 
Table 3 below. 
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FEREFF ratio               15,259±62,998 12,787±68,810 NSS=0.8 
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Figure 4. A Bar Diagram showing the cancer control numbers in decreasing numbers from each grouping. 

 
Figure 5. Bar Diagrams show that HIV+ Patients had significantly higher p87 antigen levels in all regions of the 
mid-colon, when compared to controls. 

Table 3. Contrasts HIV+ Patients Parameters with those of Controls in various Organ Systems. 

Organ System Test performed HIV vs all controls p-Value Significance 

Lung FEV1 2.99 vs 2.24 L/sec  p<0.02 

Prostate PSA 3.21 vs 4.09 u/dL 0.26 NSS  
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Liver Hepatitis C  Mol.test+ 46 vs 19% OR3.52[1.49-

8.27];p<0.006 

Kidney Urinary and Blood Cr 211.39 vs 197.69* 0.96 NSS vs urine 

hematologic Platelets 267.92 vs 277.43  0.96 NSS 

*Blood creatinine HIV 1±0.23 versus controls 1.27±1.90;p<0.0002. Mol- molecular testing. 

There do appear to be only 2 disparities in testing as shown above, mainly in significantly better 
lung function the reason for which is uncertain. Since only 18% of HIV+ patients had testing 
compared to 53% of controls, there may have been more self-selection amongst more health seeking 
behavior amongst the small demographic of healthier HIV+ patients. The controls include a relatively 
large group of lung cancer cases which may have also resulted in decreased FEV1. The higher 
proportion of hepatitis C is likely due to lifestyle choices in HIV+ patients. We also looked for 
differences regarding health seeking behavior that may shed light on patient outcomes and 
contrasted HIV+ patients with controls as shown in Table 4 below. 

Table 4. Health Seeking Behavior in HIV+ Patients and Controls. 

Health Seeking Testing Sought Outcome in HIV Outcome in HIV- p-Value 

Colon Colonoscopy 79.0% 57.0% Pearson<0.014 

Respiratory Influenza shot 57.0% 41.9% 0.3 NSS 

GIT Fecal blood test 50.0% 47.0% NSS 

Metabolic Hemoglobin A1c 56.0% tested 56.0%tested 1 NSS 

Prophylactic ASA 6.25% 17.4% NSS p=0.14 

GIT- gastro intestinal tract; Pearson- Chi-square test. NSS-not statistically significant. 

Of interest is the correlation between age and BMI which is maintained to a certain extent as can 
be seen in Figure 6 as opposed to that of a large group of controls in Figure 7. 

There is a direct correlation between BMI and age of HIV+ patients with 2 outliers excluded. 
Generally, there was a correlation between BMI and age in HIV+ patients and HIV- controls at p=0.013 
with equal variance and also with unequal variance if the 1-tail t-test was used. 

Figure 7 is a correlation graph from a large group of HIV- controls where no correlation is 
evident. 

Below in Figure 8 it is shown that there are no significant differences between HIV+ and HIV- 
controls. 

Since the numbers of HIV+ patients with available vitamin D levels are small, we were not able 
to show significance, only a weak trend at best. 

This issue of hypovitaminosis D in HIV+ patients is most intriguing. Usually, levels of vitamin 
D are similar in HIV+ patients as in the general population as hinted to by Figure 8 above, wherein 
there does not appear to be a statistical difference in our dataset. 
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Figure 6. Shows a direct correlation between BMI and Age in HIV+ patients. 

 

Figure 7. is a Scattergram depicting a non-significant correlation between BMI and Age in controls. In contrast 
to Figure 6, where there was a positive correlation between BMI and age in HIV+ and HIV- controls. 

In terms of patient survival, HIV+ patients versus non-cancer control patients showed a 
significant overall survival whereas cancer controls’ survival was not statistically different when 
compared with HIV+ patients, as can be seen in Figure 9 below. 

In terms of patient survival, HIV versus non-cancer control patients showed a significant overall 
survival whereas cancer controls survival was not statistically different when compared with HIV 
patients, as can be seen in Figure 9 below. 

Figure 9 is a Bar Diagram Showing a Statistically Significant Decrease in Survival Only Between 
HIV+ Patients and Non-Cancer Controls. 
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Figure 8. Bar Diagram Showing Lower Vitamin D Levels in HIV+ Patients. 

 

Figure 9. A Bar Diagram Showing Similar Mean Values of Vitamin D in HIV and Controls. 

4. Discussion 

Regarding HIV and the GIT, despite cART, patients suffer long-term inflammation. The causes 
of inflammation include gut bacterial dysbiosis [8], virus replication with multiple 
microenvironmental effects [9,10]. The eventual outcome is premature aging of the gut, which 
probably results from factors described above and other factors. Gut hyperpermeability and bacterial 
translocation correlates with accelerated aging and inflammation. These observations are related to 
localized changes in the ileum and colon rather than feces. Since Paneth cells modulate the 
microbiome, their products, when decreased in the colon, may have a role in gut aging and 
inflammation. 

The average FERAD ratio in our patients was higher than in most cancers [11] and we believe 
that it reflects an increase in the level of activity of the InImS. The significant increase of p87 native 
antigen in the colon as depicted in Figure 5 supports this notion and others have published data 
supporting the role of an enhanced InImS predicts the restoration and recovery of mucosal immunity 
and may limit gut inflammation [12]. There appears to be a subtle interplay between the HIV and the 
gut InImS using in-vitro models of infection [13]. A recent review [14] deals with the interplay of a 
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panoply of microbes and the InImS and metabolomic shifts [14–17] which may shed light on the 
increased colonic p87 expression as we have described. Simply put, the HIV organism overcomes the 
InImS by circumventing its initial response of suppression of protein biosynthesis, activating 
transcription factors like ATF4 to interfere with signaling response of the GCN2-ATF4 effector to 
initiate viral transcription and this viral strategy is distinct and novel [13]. We did not document CD4-
T-cell status in our patients which constitutes a drawback. It should be considered that the role of 
Paneth cells that secrete p87 are not always beneficial as they can sense retroviral infections and their 
reaction may result in the induction of IL-1β production and initiate gut epithelial disruption. It is 
likely that the elevation of p87 could be attributed to chronic InImS activation [18] which is superior 
in predicting disease outcomes than viral load in the face of persistent inflammation [19]. The 
hijacking of anti-viral InImS mechanisms to establish persistent viral infections may be at play not 
only in the colon but throughout the GIT [20]. Issues of age and BMI, as we have reported above, has 
also been recently researched in the HIV literature including dysbiosis and translocation [20]. Others 
have reevaluated HIV versus BMI [21] which we have also investigated and found a correlation as 
seen in Figure 6 for HIV patients and no correlation for controls as seen in Figure 7. 

While many use InImS biomarkers to predict mortality [11], we used InImS Paneth cell markers 
to assess expression directly at the tissue level and found that most of its colonic expression is 
significantly increased in the colons of HIV+ patients compared to controls. Pro-inflammatory 
Independent pathologist assessment of inflammatory cells within the HIV affected colons are also 
significantly increased, supporting the notion that the InImS may be driving the inflammation. 
Proinflammatory habits such as smoking and drinking alcohol may contribute to the increase in HIV+ 
patients where these habits are more prevalent. The decrease in creatinine in HIV+ patients may be 
due to the lower BMI, suggesting decreased muscle mass. Since oral folic acid can decrease fecal p87 
[7], we may be able to intervene and detect impaired InImS pattern recognition gut inflammation 
[22], suggesting an additional advantage of mortality reduction and prediction [5]. 

We also need to be cognizant that hypovitaminosis D serves as an independent risk marker for 
cardiovascular disease and metabolic disorders but the exact interventions are yet to be defined [23–
25]. 

There is a subtle interplay between Vitamin D and HIV disease on many fronts, set in motion by 
the binding of Vitamin D with its receptor releasing SNPs within pathways conferring resistance to 
HIV and reducing inflammation, pulmonary TB and mortality [23]. In the InImS affecting 
macrophages, by increasing cathelicidin, a molecular weight antimicrobial peptide which originates 
from the CAMP gene resulting in a LL39 moiety, activated by proteinase K by cleavage and the action 
of leukocytes and is immunomodulatory and synergistic with interferon alfa [24]. It has therefore 
been suggested that pre-treatment of hypovitaminosis D for HIV patients treated with efavirenz [25] 
and tenofovir who may also have co-infection with hepatitis C. The Institute of Medicine aims for 
effectiveness at a 20ng/ml level [24], a level achieved by our controls but not our HIV+ patients (Figure 
8). This immune modulation of vitamin D and has reported both in replate and non-replete scenarios 
[26–30]. 

5. Conclusions 

The exposure of humans to HIV is staggering with a projected prevalence of 36.7 million with a 
strong likelihood that hypovitaminosis D intensifies the disease by degrading the immune system 
and is theoretical remediable [23–25]. It has been pointed out that hypovitaminosis D afflicts both the 
HIV and general population similarly but risk factors vary, inditing both cART and factors resulting 
in hypovitaminosis D. Most-pointedly, non-nucleoside reverse transcriptase inhibitors, with the 
possible exclusion of zidovudine [22], with linkage of hypovitaminosis D with CD4 counts [23]. There 
have been inroads made in HIV treatment in more affluent societies which have apparently not been 
spared from the effects of hypovitaminosis D in at-risk populations [31]. 
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