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BCG vaccine has been used for 100 years to prevent tuberculosis. Not all countries, including the United States, adopted

the initial World Health Organization recommendation to use BCG. Moreover, many Western countries that had routinely

used BCG have discontinued its use.
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1. Introduction

The Bacillus Calmette–Guérin (BCG) vaccine has not only been viewed as an important intervention in tuberculosis

control but as an adjuvant for other antigens and as a “pro-inflammatory” agent in cancer therapy. Very shortly after its

introduction in humans, Calmette noted its effect, not just on the incidence of tuberculosis, but also on the general

mortality of infants . During the writing of this manuscript, in Lille France a conference was held to celebrate the 100th

anniversary of BCG . At this meeting, papers presented can be seen as a reminder of the amazing breadth of action of

this attenuated bacterium in human disease and conditions. Childhood application was emphasized and a wide range of

immunization methods were given. BCG not only appeared as its original self, but as a recombinant organism ready to do

more and do it better. Special note was on allergies, and inflammatory and autoimmune diseases. Of special importance

to their research, a paper at the conference cited its benefit in the reduction of the risk to developing Alzheimer’s Disease

(AD) in BCG recipients with superficial bladder cancer . The work in cancer patients was suggested by the lower levels

of dementia in countries with universal BCG coverage . In animal models, it was of great interest to us that BCG

“reversed the cognitive decline” . However, it should be noted that the mouse brain amyloid was not affected. In the

human studies, instillation of BCG into the bladder would require a rethinking of this approach for the prevention of AD as

a public health measure. The work presented here is an attempt to determine if two intradermal injections of BCG would

affect the blood levels of Aβ42 and Aβ40.

Increasingly understood is that the pathology of AD predates clinical symptoms by decades . Accurate blood-based

tests for brain Aβ pathology are urgently needed to identify at-risk individuals and give the opportunity for disease

modifying intervention in the preclinical stages of AD. A method has emerged that assesses plasma levels of Aβ42 and

Aβ40. This method, from the Bateman laboratory at Washington University, immunoprecipitates Aβ to isolate it from

plasma; this is followed by liquid chromatography–mass spectrometry (LC-MS) to determine Aβ42 and Aβ40

concentrations . Aβ42 is lower in CSF and blood as this “stickier” form of the protein builds up in the plaques. Aβ40,

being more hydrophilic, is used as the denominator in a ratio with Aβ42 to normalize inter-individual differences in Aβ

production . Thus, a lower Aβ42/Aβ40 ratio is considered to correlate with a greater risk of cerebral Aβ deposition.

2. Demographics, CMV Antibody Titer, and ApoE4 Allele

The study cohort consisted of 49 participants, of which 28 (57.1%) were female and 21 (42.9%) were males (Table 1).

The average age of males was 65.7 years and was not significantly different (p = 0.52) from that of female participants

(64.3 years). Similarly, the length of education of participants was not statistically significant between males and females

(p = 0.47). The proportion of patients who tested positive for CMV, defined as IgG titer greater than 0.6 U/mL, was not

significantly different between females and males (32.1% vs. 28.6%, p = 1). Although the proportion of male participants

who had at least one ApoE4 allele was higher than that of female participants, the difference was not statistically

significant (57.1% vs. 35.7%, p = 0.23). The SAGE scores were not significantly different between females and males

either before or after BCG vaccine administration.

Table 1. Participant Demographics.
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  Females Males p-Value

n(%) 28 (57.1) 21 (42.9)  

Age, years      

Mean (SD) 64.3 (6.7) 65.7 (8.4) 0.52 

Length of education, years      

Median (IQR) 16 (14–18) 16 (16–18) 0.47 

CMV infection, n (%)      

Negative 19 (67.9%) 15 (71.4%)
0.79 

Positive 9 (32.1%) 6 (28.6%)

ApoE4 allele, n (%)      

Negative 18 (64.3%) 9 (42.9%) 0.14 

Positive 10 (35.7%) 12 (57.1%)  

SAGE      

Before BCG      

Median (IQR) 22 (21–22) 22 (21.5–22) 0.70 

After BCG      

Median (IQR) 22 (22–22) 22 (21–22) 0.37 

 Two-sample independent t-test,  Mann–Whitney test,  Chi-square test.

3. BCG Significantly Increased the Aβ42/40 Ratio

The Aβ42/40 ratio for each participant was stratified by ApoE genotype (Figure 1). As can be seen, participants having at

least one ApoE4 allele tended to have lower Aβ42/40 ratio compared to participants having other alleles. Figure 2 depicts

a dot plot for individual values of amyloid 42/40 ratio in participants stratified by ApoE genotype. The figure shows that

participants tended to have higher values of Aβ42/Aβ40 ratio after BCG vaccine administration compared to the baseline

ratio before BCG vaccine administration regardless of ApoE4 allele status.

Figure 1. Aβ42/40 ratio before and after BCG vaccination stratified by ApoE genotype. An Aβ42/40 ratio below 0.089 is

associated with higher risk of positive amyloid PET scan.
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Figure 2. Amyloid 42/40 ratio before and after BCG vaccine administration stratified by ApoE4 alleles. The plot shows the

individual values with median (horizontal segment). The number (n) denotes the number of observations. Statistical

analysis was completed using Wilcoxon–Pratt Signed-Rank Test.

4. Younger Participants Had More of a “Favorable” Increase in Their
Aβ42/40 Ratio Than Older Participants

When the Aβ42/40 ratio before and after BCG administration was stratified by age, participants ≤ 65 years old had a

significant increase in the Aβ42/40 ratio post BCG vaccine compared to the baseline ratio before vaccine administration

(0.10417 ± 0.0092 vs. 0.10006 ± 0.00901, p < 0.0001) (Figure 3). On the other hand, there was a non-significant increase

in the Aβ42/40 ratio after BCG vaccination in older individuals > 65 years old (0.09628 ± 0.00785 vs. 0.09528 ± 0.01021, p
= 0.49).

Figure 3. Aβ42/40 ratio before and after BCG vaccination stratified by age group. Data are presented as mean ± SD. The

numbers inside the bars represent the number of observations. Statistical analysis was completed using a paired t-test.

5. High Risk Participants Had More of a “Favorable” Decrease in Their
APS Than Intermediate Risk and Low Risk Participants

The change in APS following BCG vaccination in the participants was stratified by the risk of positive PET scan as

assessed by the baseline APS. The APS was reduced after BCG administration in the three risk categories (Figure 4).

However, such a reduction reached statistical significance only in the high-risk category (p = 0.016) (Figure 4).



Figure 4. Amyloid Probability Score (APS) before and after BCG vaccination stratified by risk category based on APS pre-

BCG administration. n represents the number of observations in each category. Statistical analysis was completed using a

Wilcoxon–Pratt Signed-Rank Test.

6. Participants without Latent CMV Infection Had a “Favorable” Decrease
in Their APS with BCG Compared to Participants Latently Infected with
CMV

CMV is part of the herpes family of viruses, its designation HHV-5. CMV is mostly known as an opportunist causing life-

threatening infection in HIV infected persons or in immunosuppressed organ transplant recipients. In immune competent

individuals, infection with CMV is usually asymptomatic; once established, its containment becomes a priority for the

immune system, which is unable completely to eliminate it and its continued presence promotes age-like immune changes

. The persistent presence of CMV diverts an extraordinary amount of the T-cell resource to keep this virus in check

and in doing so results in a high immune risk profile (IRP) inverting the normal CD4/CD8 ratio (normally about 2:1). CMV

has been implicated as a causal agent in AD . While another study suggests that CMV carriage facilitates HSV1-

associated AD .

Thus, the change in APS following BCG vaccination was stratified by the CMV IgG status. There was no significant

difference in APS before BCG administration between participants having negative or positive CMV IgG (Figure 5).

However, the APS was significantly reduced after BCG vaccination in participants having negative CMV IgG (p = 0.03),

whereas there was no significant change in the APS following BCG vaccination in participants with positive CMV IgG (p =

0.13).

Figure 5. Amyloid Probability Score (APS) before and after BCG vaccination stratified by CMV status. “n” represents the

number of observations in each category. Statistical analysis was completed using a Wilcoxon–Pratt Signed-Rank Test for
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dependent comparisons (solid black) or Mann–Whitney Test for independent comparisons (dashed green).

7. Participants with a Higher CD4/CD8 Ratio Had a Greater Decrease in
APS following BCG Vaccination Compared to Those with Lower Baseline
CD4/CD8 Ratio

There is a marked decrease in naïve CD4 subsets in patients with AD consistent with the immune system challenged by

immunosenescence and/or persistent antigenic challenge . The APS before and after BCG vaccination were stratified

by the relative CD4/CD8 ratio (Figure 6). As can be seen, there was no significant difference in APS values before BCG

vaccine administration between participants having low or high CD4/CD8 ratio (p = 0.52). On average, the APS was

significantly lower after BCG administration in participants having a higher CD4/CD8 ratio (p = 0.003), whereas it was not

significantly different in participants with a lower CD4/CD8 ratio (p = 0.75) (Figure 6).

Figure 6. Amyloid Probability Score (APS) before and after BCG vaccination stratified by CD4/CD8 category. n represents

the number of observations in each category. Statistical analysis was completed using a Wilcoxon–Pratt Signed-Rank Test

for dependent comparisons (solid black) or Mann–Whitney Test for independent comparisons (dashed green).

8. Participants without Latent CMV Infection Had a More “Favorable”
“Immune Risk Profile” Than Those with Latent CMV

In elderly individuals positive for CMV there is paucity of naïve T-cells and an accumulation of terminal T-cells with no

proliferative capacity . This “immune risk profile” manifests in an inverted CD4:CD8 ratio . Thus, the mean

CD4/CD8 ratio was measured as a function of the CMV IgG status. As can be seen in Figure 7, the mean CD4/CD8 ratio

before vaccine administration was significantly higher in participants having negative CMV IgG compared to participants

having positive CMV IgG (mean ± SD = 3.30 ± 1.51 vs. 1.87 ± 0.19, p < 0.0001). The mean CD4/CD8 ratio was not

significantly altered in participants following BCG vaccine administration compared to the baseline value (2.86 ± 1.47 vs.

2.84 ± 1.47, p = 0.716).
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Figure 7. CD4/CD8 ratio before BCG vaccination stratified by status of CMV IgG. “n” represents the number of

observations in each category. Statistical analysis was completed using Welch’s t-test.
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