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Summary: In her JPandSpaper [1], Dr. Rebecca Culshaw argues that well-known mathematical modelsof HIV and AIDS
have, in her view, achieved nothing but “ abysmal failure.” To Culshaw, all existing models have placed too little
emphasis on the contributions of cofactors to disease. To replace these models, Culshaw proposes to model disease
progression based solely upon measurements of glutathione and their impact on a “ Th1-Th2 shift.” Aswe demonstrate
bel ow, Culshaw’ sargumentsrest upon multiple misunder standings and mi srepresentations of the literature (including the
modeling literature) and of various aspects of the biology of HIV and AIDS, and Culshaw relies uncritically on the flawed
and non-peer-reviewed writings of another mathematician. We also object to the fundamental inconsistency that
overshadows Culshaw’s work: while she claims elsewhere that HIV may not exist and that AIDSis a “ sociopolitical”
fabrication, Culshaw writes here from the assumption that HIV and AIDSdo exist, and that the former may play arolein
thelatter. That Culshaw triesto haveit both waysis, to us, evidence of intellectual dishonesty.

In this paper [1], Dr. Culshaw develops no mathematical formalism to analyze any aspect of HIV infection. The only
model she writes down isavery general form of amodel used in epidemiology, which she saysis similar to the ones used
for intra-host viral dynamicsmodels. Although Culshaw iscorrect in formal terms, interpretation and justification of these
intra-host models are obviously very different. Culshaw is probably right to note that we (as in everyone) have a*“lack of
complete understanding of the disease mechanism, as well as the fundamental nature of the immune system” — after all,
this is the reason why we continue to conduct research into HIV/AIDS. However, she then proceeds to make arguments
and innuendos that are very poor and misleading. Most of these are not related to mathematical models at al, but afew
are. Below, wetry to summarize those glaring onesthat caught our attention immediately:

In“Limitations of HIV Models,” fourth line: “...together with some patient data (which was not published together with
the models themselves)...”. It seems amost that Culshaw is accusing the authors of Ho et al [2] and Wel et a [3] (both
1995) of scientific fraud; sheis at least hinting at it. It is true that they did not publish a table with every single
measurement taken in all patients, nor is this common practice. They did publish summary tables, as well as plots of the
viral load for representative patients. Interestingly enough, though, Culshaw doesn't criticize the main results of these
papersdirectly —i.e., that vira turnover isvery fast; she rather criticizes that thisled to the concept that treatment should
be “early and hard.”

In“Limitationsof HIV Models,” second paragraph, Culshaw writes:. “this strategy has been an abysmal failurein terms of
eradication.” It is clear that achieving eradication has not been possible, but she doesn’t say anything about the huge
benefits of treatment for countless HIV-infected patients. Nor does she apparently realize that 12 years have passed since
the publication of those papers in 1995, and that we now realize that other factors (some of which have also been
modeled) are important: long-lived cells, latently infected cells, drug sanctuaries, etc. Science evolves by discovery,
hypothesis and testing, but Culshaw seems to view the first models as the beginning and end of work on HIV. She then
goeson to say that there were important flawsin the assumptions.

In “Limitation of HIV Models,” third paragraph: “... the biological assumptions and conclusions have been heavily
criticized, largely in several papers published in 1998...” Thisisahuge distortion of the contents of the papers Culshaw
cites. First of all, these papers do not criticize the viral dynamics models, nor do they criticize the conclusions from the
mathematical models that viral turnover is very fast. These papers rather argue that part of the recovery of CD4+ T-cells
after treatment is due to redistribution, and not, as assumed in the Ho et al and Wei et al papers, dueto T-cell proliferation
alone. Again, thisis how science evolves— Ho et a and Wel et a never claimed to hold the absolute truth about HIV
dynamics. Indeed, many lettersto Nature immediately in the sequence of the original papers (in 1995) suggested that early
CD4+ T-cell recovery could be dueto redistribution. Theirony isthat this aspect definitely addsweight to the role of HIV
infection in disregulating the immune system and the benefits of treatment. HIV infection occurring in the lymph nodes
and its concomitant general activation of the immune system traps CD4+ T-cellsin the lymph nodes, which are reduced
when theviral load burden decreases during therapy.



Culshaw then says that “redistribution [of CD4+ T-cells] throughout the body is not an immunological advantage.” This
seems to be a strange declaration; after all, having normal number of cellsin circulation, LN and tissue is not an
“immunological advantage.” But this affirmation is* consistent” with her later explanation (see below), which in essence
saysthat redistribution isdueto HAART-induced killing of B-cells, leaving the Th2 subset of CD4+ T-cellsorphan in the
lymph nodes (LN), whence they move out into the peripheral blood. We are not sure where Cul shaw got thisfrom, but she
certainly did not find it in the paper she citesas areference [4]. Interestingly, Gorochov et al, do not even mention B-cells
in their article, much less that HAART kills them off, and they make no reference whatsoever to the Th2 subset of T-
cells. This curious view of the immune system may come from the imaginative pronouncements of a German writer
named Heinrich Kremer. Culshaw gives his book (in German [5]) asa reference elsewhere in her article, but the
immunology ideas she uses uncited here are avail able in an English-language translation of an interview of Kremer by the
Raum und Zeit newsletter (available at [6, 7]; athough the trandlation is poor, the description of science and medicineis
no more accuratein theoriginal.)

Relating to the above point, even if oneinitial assumption—that increasesin CD4+ T-cells after HAART are due only to
proliferation—is no longer believed to be the whole explanation, many other papers, using different techniques, have
convincingly shown that, indeed, proliferation rates of CD4+ T-cell areincreased in the setting of HIV infection, and tend
to decrease after treatment. These results are totally ignored by Culshaw. Here and el sewhere, she seemsto view science
in terms of absolutes. A model is either absolutely right and infallible or an “abysmal failure.” Either every single pointin
apaper is accepted with praise, or the paper is meritless and should be discarded. Either everyone agrees on every aspect
of atheory, or that theory is fundamentally flawed. If such a purist position were common in science, progress would be
rare, indeed.

In “Limitations of HIV Models,” fourth paragraph, Culshaw uses the arguments of Mark Craddock (a lecturer at the
University of Technology, Sydney) as evidence that “The equations in the Ho/Shaw models were oversimplified...”.
Craddock’ s critique is posted on a denialist website [8] and also appears as part of a book published by prominent HIV
denialist Peter Duesberg [9]. Heis very bullish, but makes a number of mistakes. Culshaw’s uncritical use of his flawed
argumentsisbaffling. For clarity purposes, comments on Craddockswritings are appended (see below).

In the next 4 paragraphs, Culshaw expounds on why plasma viral load measurements are wrong, since QC-PCR is
“inaccurate.” She citesthe 1993 paper by Piatak et al [10]. Culshaw’ s arguments simply rehash those of others (especially
Mark Craddock), but introduce unique mistakes. For example, Culshaw does not seem to understand what “viral load”
measures. She speaks of “viral load, referred to as the ‘target’ DNA,” and later states that the assay “amplifies HIV
DNA.” Vira load, of course, quantifiesHIV RNA in the blood, not DNA. Also, the assay measuresany and all HIV RNA
found freein the blood, including that of infectious particles—not just “viral fragments.” Culshaw’ smisconceptionsaside,
the scientific community uses RT-PCR for countless different projects (besides HIV), with standards tested many times
over, with consistent results. Logically, this technique cannot be so rife with problems as Culshaw and Craddock want us
to believe. Moreover, Culshaw shoots herself in the foot, because if PCR is so unreliable “and there is no way to make an
accurate estimation of infectious virus’, then the results, showing a clear and consistent decrease in virus during therapy,
must be “magic.”

Thisiswhat Piatak et al [10] say about their measurements:

Abstract: “ Quantitative competitive polymerase chain reaction (QC-PCR) methods were used to quantify
virion-associated human immunodeficiency virus type-i (HIV-1) RNA in plasma from 66 patients with
Centers for Disease Control stage | to IVC1 infection. HIV-1 RNA, ranging from 100 to nearly
22,000,000 copies per milliliter of plasma (corresponding to 50 to 11,000,000 virions per milliliter), was
readily quantified in all subjects, was significantly associated with disease stage and CD4+ T cell counts,
and decreased by as much as 235-fold with resolution of primary infection or institution of antiretroviral
therapy. Plasma virus levels determined by QC-PCR correlated with, but exceeded by an average of
60,000-fold, virus titers measured by endpoint dilution culture. Quantitation of HIV-1 in plasma by QC-
PCR may be useful in assessing the efficacy of antiretroviral agents, especialy in early stage disease
when conventional viral markersare often negative.”



From the Conclusions. “the demonstration of significant associations between HIV-1 RNA levels and
both disease stage and CD4' T cell counts argue strongly for a direct role for HIV-1 replication in the
pathogenesisof HIV disease.”

The high viral mutation rate, viral tropism, neutralization and other immune system successes...these are a few of the
reasons why many viral particles produced in vivo are not infectious in laboratory assays. But these tests also seriously
underestimate the infectivity of actual infectious particles because of the conditions that apply in vitro (particularly the
very low cell density in culture vs. lymphoid tissue [11], and because cell-cell spread is more efficient than de novo
infection by a virion). In culture, infection is limited by the diffusion rate of virions onto cells, whichisslow. Soin a
traditional assay, only asmall proportion of the added virions actually get achanceto infect the target cells. The onesthat

don't, the majority, are not necessarily defective, but the assay records them as being so. David Kabat showed in 1997 [12]

that if one applies the same inoculum repeatedly over time to different sets of cells, the infectivity hardly changes. Much
the same point ismade recently by Haim et al [13].

In any case, as RT-PCR does not distinguish between RNA in infectious and non-infectiousviral particles, what Culshaw
calls“the‘efficiency’ of PCR” has nothing to do with the infectious/non-infectious ratio. If it did, and PCR output varied
wildly based upon the magnified, random error hypothesized by Culshaw and Craddock, we would logically expect an
underestimation of viral load (as compared with TCID) in some samples, and an overestimation at approximately the
samefrequency. Instead, Culshaw sees all of the datafrom Piatak et al (and presumably al other viral load measurements,
with their diverse protocols) as gross overestimates. (Note, as well, that a paper Culshaw cites as supporting her
(mis)understanding of viral load vs. infectious virus [14] does not address viral load and T-cells, but refers to integrated
provirusin mononuclear cells.)

The next point in Culshaw’s paper is glowing praise for a “groundbreaking study published in JAMA.” According to
Culshaw, this study proves her point that viral load hasno relation to CD4 count. Hereiswhat Rodriguez et al [15] say:

(From the Discussion): “Our findings confirm previous observations(5) that the magnitude of HIV
viremia, as defined by broad categories of presenting HIV RNA level, is associated with the rate of CD4
cell lossand extend this observation to patient popul ations comprising both men and women. Despite this
association, however, only a small proportion of the interindividual variability in the rate of CD4 cell
decline can be explained by plasmaHIV RNA levdl,...”

The point of this paper is that for each individual, there can be so much variation in HIV and CD4+ T-cell count levels
that the association between them isweak (although from their plots, it seems significant). Thisthen may makeit difficult
to take treatment decisions based on vira load — something that the current official treatment guidelines already
acknowledge and support. However, from a pathogenesis point of view, and for the population asawhole, thereisaclear
association of higher viral loads and added CD4+ T-cell depletion (see quote above). This, “confirms previous
observations,” i.e. the Méellors et al. Ann Inter Med (1997) paper [16]. Despite the clear explanation of these results, both
inthe Rodriguez et a paper itself and in their clarifying document found HERE, Culshaw and other HIV/AIDS denialists
insist on misrepresenting thispublication.

Culshaw then proceeds to develop three more critiques of the mathematical modeling approach. One is that parameter
estimation from the models for each individual patient isvery difficult: “... parameter estimation may beimpossiblefor a
model that is meant to be applied to an individual patient.” It would indeed be great if we had reached an era of
individualized modeling (or even of individualized medicine), but clearly thisisnot yet possible. Andin al likelihood, no
modeler has claimed this. Rather, the models can help us understand general aspects of the disease and treatment. Thisis
similar to Culshaw’s misunderstanding of the Rodriguez et al. paper. It has been shown that higher viral loads correlate
with lower CD4+ T-cells in the population; however, we still cannot, for a given individual, predict the full course of
CDA4+ T-cell depletion just by knowing histher viral load at given time(s) in the past. This does not reduce the validity of
the viral load/CD4+ T-cell correlation. As an example, we hear many times about this or that person who smoked n
cigarettes a day and lived to 100 years of age. Sometimes this is used to “clearly argue” that smoking does not cause
cancer or that it is not detrimental to health. This type of reasoning is very fallacious, and a misunderstanding of the
meaning of statistical association. Y et itisprecisely thisreasoning that Culshaw employs here.
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The second criticism isthat models don’t take into account the Th1/Th2 aspects of the immune response or the toxicity of
the drugs (although Culshaw recognizes that some models did look at toxicity). Culshaw is free to think that there are
aspectsthat should be modeled and were not so far —we could also think about other issues that have not been includedin
previous models. The most productive strategy for Culshaw would be to develop such models, this ishow science
advances. Not including these or other aspects does not make the models necessarily wrong, rather it may restrict the
applicability to what the authors are studying at a given moment. As J.P. Moore et a observe, on the study of HIV
pathogenesis, there areindeed many variablesto consider:

...(W)hen considering HIV-1 pathogenesis, it is important to fight the natural tendency for oversimplification
by homogenization. HIV-1 can evolve complex phenotypes, humans are an outbred species (as too are
macaques), and the efficiency with which the immune system responds to a viral infection varies between
individuals. These are complex, interlocking variables. To fully understand HIV-1 pathogenesis on a
population basis is, therefore, no easy task; each individual's overall response to the infecting strain is usualy
subtly, and sometimes profoundly, distinctive. Hence different answers to questions of HIV-1pathogenesis
can be obtained that depend upon who is studied, when during the course of his or her infection, and what
properties are possessed by the infecting virus, a parameter that can itself vary markedly over time. Until
recently, there has been a tendency for immunologists to overlook the complexities caused by the HIV-1
phenotypic variants, for virologists to consider all CD4+ T-cells as being much the same as one other, and for
mathematical modelers to ignore most or all of the above variables as being beyond the scope of their
eguations. Perhaps the ever increasing knowledge of coreceptor expression and usage will enable HIV-1
infection to eventually be better understood than it isnow [17].

Finally, in “Importance of the Th1/Th2 Balance in Immune Function,” second paragraph, Culshaw says that “...al
immunological modelsof HIV infection havefailed to consider cofactorsfor HIV infection, or other possibleviral or non-
viral mechanisms of immune dysfunction...” Thisis a sweeping statement, since there are several models that include
cofactors. A couple of these papers are even cited by her [18, 19]. Now, it may be true that no model considers non-HIV
induced immune dysfunction, but that is because the overwhelming majority of evidence pointsto HIV as the (at least
ultimate) cause of immune dysfunction. In any case, Culshaw isfree to pursue such amodel, if she thinks it could work
and be consistent with the available data. Indeed, this is probably the objective of the last two sections of the paper.
Significantly, Culshaw does not present any model here and her discussions are al based on a Th1/Th2 shift and the role
of glutathionein that balance.

Culshaw is strongly encouraged to develop and present a model incorporating Thl and Th2 responses and glutathione
ratios. Before she can do this, however, she will have to make some strides in her understanding of immunology. Her
presentation of T helper cell biology is not encouraging. Culshaw’s strange interpretation of HAART, B-cells, and Th2
cellswas noted above. Here are several more errors she makes:

-Asimplistic division of CD4+ T-cellsinto Thl and Th2, with neatly separate functions.

The co-discoverers of the Thl and Th2 responses explicitly warn against this fallacy in the review Culshaw uses ([20];
here, as in her book, Culshaw repeatedly misspells Mosmann’s name as “Mossman”). Thl and Th2 have substantial
functional overlap. Both Thl and Th2 can stimulate antibody production, and both can act against at least some
opportunistic infections, such as Pneumocystis (see table 8.1 of [21] and accompanying text for accurate information
about Thl and -2 cells and their actions). In addition, several new subsets of Th cells have been reported in the past few
years (for areview, see[22]).

-A strict bodily compartmentalization of Thl and Th2.

A paper cited by Culshaw ([23]) isone of many that demonstrate the problemswith thisassumption.

-An assertion that, “ Thl cells' production of nitric oxide (NO) gas, which destroys intracellular pathogens, is the main
operational mode of the cellular arm of theimmune system.”

While Thl cells can apparently produce NO, it is not this NO that kills most intracellular pathogens. Instead, helpers
secrete interferon gamma (IFN-y), which stimulates the activation of macrophages, including production of massive
guantitiesof NO. Culshaw does hot mention macrophages at all, despite their prominencein severa of her references.

-A claimthat HIV does not infect Thl cells.

Infact, HIV doesinfect Thl cells, as shown even by the paper cited by Culshaw [24]. Further studies have confirmed this,
including strain-dependent replication [25-28].

-A statement that |mmune Reconstitution Disease (IRD) results when Th2 cells enter the peripheral blood and, unable to
make their own nitric oxide, cannot fight intracellular pathogens.



As mentioned in the review Culshaw cites [29], IRD occurs when the immune system begins to regenerate after the
initiation of antiretroviral treatment. Inflammatory responses may get out of control and cause their own problems or
reveal subclinical infections.

-A claimthat HIV infection effectsa Thl to Th2 shift.

Although Culshaw presents this hypothesis as established, many articles have challenged the postul ated shift or its scope.
The Maggi et a paper cited by Culshaw [24] is one; a second article, from the same issue of Science, is another [30]. On
bal ance, there do appear to be changesin cytokine profiles during the course of infection; it may, however, be best to refer
to these changes as a“bias,” rather than a“shift.” It is disappointing that Culshaw completely ignores the healthy
scientific debate in this area while exaggerating another debate (arising from Ho et a [2] and Wei et a [3], see above) to
the point of “fundamental flaws’ and “failure.”

As for the role of oxidative stressin AIDS, hundreds of papers (at |east) have examined aspects of this issue, and
investigation is ongoing. Numerous studies measuring glutathione levels have already been published. In surveys of
glutathione levels in patients, the results have been mixed: some groups report a link between glutathione and HIV or
progression to AIDS[31, 32], others do not [33, 34]. Clinical trials have been conducted for several therapies designed to
increase glutathione concentrations and thereby, it is hoped, improve immune system health. Therapeutic attempts to
change Th1/Th2 ratios have also been initiated [35, 36] Again, Culshaw does not mention this work, even though it has
quite a close bearing on her proposal. Is this because Culshaw is unaware of these papers, or because they cast doubt on
her thesis? As Kidd reminds us in a 2003 review [37], “the early euphoria that Th1/Th2 manipulation would catalyze
maj or immunotherapeutic breakthroughs hasyet to berealized”.

In our opinion, such a breakthrough is unlikely to result from replacing the current models with a simplistic Th1/Th2
bal ance estimation that |eaves out the major playersand ignores HIV partialy or entirely, especially since HIV itself may
contribute to oxidative stressin HIV-infection (see, for example, [38]). Culshaw does say in the first sentence of her last
section “Therole of HIV inthe GSH:GSSG ratio remainsunclear... ,” thus seeming (at least) to allow arolefor HIV, and
we note that the JPandS paper, published in late 2006, unfolds from the implicit assumption that HIV exists and causes
AIDS, area medical syndrome.

Y et in her book, Science Sold Out. Does HIV Really Cause AIDS? [39] (which appeared at approximately the same time
as the JPandS article), Culshaw disputes HIV’ s existence (“thereis no bug,” p.70), its ability to cause AIDS (pp.47 and
60), and even that AIDS is amedical syndrome (AIDS “is not a disease so much as a sociopolitical construct,” p.7).
Throughout Culshaw’s small oeuvre, this intellectua schizophrenialooms large. HIV exists and it doesn’t exist (in one
internet forum, she refers to the Perth group, Rodney Richards, Etienne de Harven, and Heinrich Kremer as support for
her HIV existence doubts[40]). Culshaw “had to learn an awful lot about the molecular biology of HIV” [41], but “no one
really understands...what HIV really is’ [39], pp.3-4, so there is no molecular biology to learn about. The link of HIV to
AIDS by the “vultures’ of scienceisa*“psychosocia” crime motivated by “racism and homophobia® (ibid, pp.61-2, 65),
and “it's SO obvious how racist and homophobic the hiv (sic) hypothesis of aids (sic) really is’ [40]. Culshaw’s strong
opinionsin this regard raise the question of why, exactly, she chose to support the HIV/AIDS “hypothesis’ by publishing
a paper on it half ayear later. Indeed, Culshaw has presented work based on HIV and AIDS—a PhD thesis, several
modeling articles, the JPandS paper, and conference presentations—for years after adopting the denialist position (“ by the
time shereceived her Ph.D. in 2002" [42]).

Culshaw cannot haveit both ways. If she wishesto deny the existence of HIV, sheisfreeto do so. But if Culshaw doubts
that HIV exists, she cannot remain intellectually honest and continue to publish on HIV and AIDS in the biomedical
literature. As we have seen in this paper, Culshaw demonstrates a remarkable depth of confusion on HIV and AIDS
mathematical modeling, biology, immunology, and molecular techniques. She cites works that do not support her
positions. She interprets healthy scientific debate and progress as symptoms of fraud and failure. And she presents, as
novel, proposal sthat have been pursued for years, namely the connections between glutathione or Th1/Th2 responses and
HIV. We hope that Dr. Culshaw will learn more about HIV and the immune system and correct her many mistakes in
future.



Mark Craddock’s critigue of theHo et al and Wel et al 1995 papers.

Craddock’ s critique of the Ho et a and Wei et a papers[2, 3] is posted on the website www.virusmyth.com. He is very
bullish, but makes anumber of mistakes. First, he criticizes those papersfor supposedly presenting the viral |oad datawith
incredible precisions, he says: “ The notation 10"4.6 is 10 to the power of 4.6, which you can work out on any scienific
caculator. 10M4.6 =39810, or 19,905 virions per ml of blood. (...) Of course the accuracy given hereisludicrous. They
can't really mean that they can measure things this accurately.” Thisis an incredible mistake on Craddock’ s part. In fact,
the results are presented as 10°4.6 virus; this means that the authors used two significant digits, thus the result of any
calculation can also only be presented to two significant digits. In this case, 10"4.6=4.0x10"4. The concept of significant
digitsisbasic, and Craddock is absolutely wrong here.

Craddock goes on to criticize the use of geometric mean in those papers: “Why have they used the geometric mean here?
WEell the only reason we could think of (myself and my colleague Sylvano Lucchetti, who is a statistician) is that the
geometric mean smoothes out ratio changes.” Thisis again a basic mistake and shows ignorance of simple principles of
statistics. Here is what a standard and excellent statistics book says about the geometric mean: “ Some beginnersin
statistics have difficulty accepting the fact that measures of location or central tendency other than the arithmetic mean are
permissible and even desirable. They feel that the arithmetic meanisthe ‘logical’ average and that any other mean would
distort the data. This attitude raises the question of the proper scale of measurement for representing data; this scale is not
alwaysthe linear scale familiar to everyone, but is sometimes by preference alogarithmic or reciprocal scale” ([43], page
44). Indeed, we want to use this mean exactly for something that varieslogarithmically, such astheviral load.

Still on thistopic, Craddock says, “If they are estimating changesin viral load by taking ratios of QC-PCR measurements
at different times, then the geometric mean of these variations will show less variability than the arithmetic mean. It
makes their results look more consistent than they really are.” It is not apparent where he gets the measurements as being
ratios of the assays at different times. Viral loads are measured independently at each time point, and there are no ratios
taken between measurements at different times.

Then, Craddock again makes the argument about the unreliability of PCR, and Culshaw essentially just uses these
uncritically, as mentioned above. He then complains about the use of linear regression and says“ Have they never heard of
polynomial interpolation, or Time series? Obviously not. The point isthat there are advanced mathematical techniquesfor
handling thiskind of data,...” Thisisagain totally off the mark. The point of the papers, and of good modeling in general,
is not to find a line that goes exactly through the data points; rather we are interested in a simple (minimal) biological
model that can describe the data with a minimum number of parameters. In this case, the authors do not use linear
regression, they use a dynamical biological model for the dynamics of viral load whose solution (with appropriate
simplifications) turns out to be a simple “linear regression” (indeed in both papers other more complicated models and
solutionswere also analyzed). No doubt, Craddock would have complained about the number of parameters used to fit the
data, if more " advanced mathematical techniques’, such as polynomial interpolation had been used. (By the way, thereis
nothing advanced about polynomial interpolation, in fact linear regression isapolynomial interpolation of degree1.)

Finally, Craddock delves into criticism of the “mathematical modeling”. His arguments are so bad, they are barely
understandable, and at the very least demonstrate a total lack of comprehension about modeling. That is, he shows he
knows how to solve very ssimple equations (such as the ones used in the papers), but he has no understanding of the
concept of modeling a biological/physical system. Essentially, the models used in the papers were devel oped to describe
what happens when drug treatment is administered. And al his criticism relies on what happens if you use these same
equations/models during primary infection (or to describe HIV pathogenesis). Thisis akin to saying that applying
Newtonian physics to describe the trajectory of the football iswrong because if we think of afootball game near a black
hole it would give the wrong answer. Any model has arealm of applicability, in this case drug treatment, that definesthe
circumstances under which it makes sense to use it. No one has ever claimed that we could describe the full behavior of
HIV infection, from the primary stageto full blown AIDS with atwo-equation model and four parameters (unfortunately,
we can still not do thiswith any simple model). To pretend that thisis the point of the paper isridiculous.

Indeed, Craddock never criticizes or disputes the results of the model s during treatment in demonstrating the fast turnover
of HIV. Moreover, he seems not to have understood that the models used in these papers were very simplified to be
applicableto the sparse data avail able. When he criticizes the model used for T-cells (in Ho et al), he doesn’t even realize
that this was just a conceptual model to show that the linear regression (here indeed a direct linear or exponential
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regression) could only estimate minimum rates of production. Moreover, commenting on thisissue he saysthat “Thereis
also amgjor problem? Where is HIV? If they are assuming that the T cells are declining because of the effects of HIV,
then this equation must contain some term involving the amount of virus present. It does not. So what the hell is it
supposed to mean?’ Well, again thiswas only a conceptual model used for discussion. Many other papers starting in 1996
presented a more complete and biologically relevant model, including the viral infection cycle. Again these models still
can not explain the whole course of infection, nor do they claim to. Moreover, in the Ho et a paper the model was not
used at all “assuming that the T cells are declining because of the effects of HIV,” rather the model was used to analyze
theincrease of T-cellsduring therapy, whenviral load isdeclining exponentially.

Putting all this together, Craddock says. “So Ho's model does not describe what actually happens in AIDS patients’ —
meaning that the model does not predict the long-term decay of CD4+ T-cellsfrom early infection to AIDS. Thisistrue,
but completely beside the point. Finally, one of Craddock’s minor criticismsisfair: heisright when he says about the T-
cell model, “P hereistherate of T cells clearance [actually, he means production], and is not to be confused with P above
[for the virus model]. They should use different notation.” Indeed, it would have been nice if the authors had used
different lettersfor the production of virus and the production of T-cells. However, thisis hardly an important indictment
of the overall design, results and conclusions of the papers.

In conclusion, Craddock’ s review demonstrates his own lack of sophistication regarding mathematical models of
biological systems. In terms of basic mathematics, Craddock appears to be confused about significant digits, smple
statistical concepts, and the usage of mathematical modeling in biology. Craddock’ s reading of the Ho et al and Wel et a
papers is superficial and riddled with misunderstandings about techniques, biology, and what the papers do and do not
claim. Itis curious—and telling—that a professional mathematician such as Cul shaw relies so heavily—and uncritically—
onthisflawed analysisin her JPandS article and other writings.

References
1. Culshaw, R., Mathematical Modeling of AIDSProgression: Limitations, Expectations, and FutureDirections.
Journal of American Physiciansand Surgeons, 2006. 11(4): p. 101-105.
2. Ho, D.D., et a., Rapid turnover of plasma virionsand CD4 lymphocytesin HIV-1 infection. Nature, 1995.

373(6510): p. 123-6.

3. Wei, X., et al., Viral dynamicsin humanimmunodeficiency virustype 1 infection. Nature, 1995. 373(6510): p.
117-22.

4. Gorochov, G., et al., Perturbation of CD4+ and CD8+ T-cell repertoiresduring progressionto AIDSand
regulation of the CD4+ repertoireduring antiviral therapy. Nat Med, 1998. 4(2): p. 215-21.

5. Kremer, H., Diestille Revolution der AIDS- und Krebsmedizin. 2001, Wolfratshausen, Federal Republic of
Germany: EhlersVerlag.
6. Kremer, H. and H.J. Ehlers, Wir sind evol utionsbiol ogi scheZwitterwesen;
http://ummafrapp.de/skandal/interview_heinrich_kremer.html, in Raumund Zeit. 11-2001.
7. Kremer, H. and H.J. Ehlers, WeareBiological Hermophrodites (sic) inthe Evolutionary Scheme of Life;

http: //ummafrapp.de/skandal/I nterview20with%20Hei nrich%20Kremer.pdf, in Raum und Zeit. 11-2001.

8. Craddock, M., Virus Myth; http://mww.virusmyth.net/ai ds/data/mcer eplyho.htm. 1996.

9. Craddock, M., Some mathematical considerationsof HIV and AIDS, in AIDS: Virusor Drug Induced?, P.
Duesberg, Editor. 1996, Kluwer Academic Publishers, Springer.

10. Piatak, M., Jr., et al., High levels of HIV-1in plasmaduring all stages of infection determined by competitive
PCR. Science, 1993. 259(5102): p. 1749-54.

11 Layne, S.P., et a., Blocking of human immunodeficiency virusinfection depends on cell density and viral stock
age. JVirol, 1991. 65(6): p. 3293-300.
12. Platt, E.J., et d., Infectious properties of human immunodeficiency virustype 1 mutantswith distinct affinities for

the CD4 receptor. J Virol, 1997. 71(2): p. 883-90.
13. Haim, H., I. Steiner, and A. Panet, Time Framesfor Neutralization during the Human | mmunodeficiency Virus
Type 1 Entry Phase, as Monitored in Synchronously I nfected Cell Cultures. J Virol, 2007. 81(7): p. 3525-34.
14. Bagasra, O., et al., Detection of human immunodeficiency virustype 1 provirusin mononuclear cellsbyinsitu
polymerasechainreaction. N Engl JMed, 1992. 326(21): p. 1385-91.


http://ummafrapp.de/skandal/interview_heinrich_kremer.html
http://ummafrapp.de/skandal/Interview with Heinrich Kremer.pdf
http://www.virusmyth.net/aids/data/mcreplyho.htm

15.
16.

17.

18.

10.

20.

21.
22.

23.
24.
25.
26.
217.
28.
29.
30.
3L
32.

33.

35.
36.

37.
38.

39.
40.

Rodriguez, B., et al., Predictive value of plasma HIV RNA level on rate of CD4 T-cell declinein untreated HIV
infection. Jama, 2006. 296(12): p. 1498-506.

Mellors, JW., et a., Plasmaviral load and CD4+ |ymphocytes as prognostic markers of HIV-1 infection. Ann
Intern Med, 1997. 126(12): p. 946-54.

Moore, J.P., et a., The CCR5 and CXCR4 coreceptors--central to under standing thetransmission and
pathogenesis of human immunodeficiency virustype 1infection. AIDS Res Hum Retroviruses, 2004. 20(1): p.
111-26.

Kirschner, D., G.F. Webb, and M. Cloyd, Model of HIV-1 disease progression based on virus-induced lymph
node homing and homing-induced apoptosisof CD4+ lymphocytes. J Acquir Immune Defic Syndr, 2000. 24(4):
p. 352-62.

McLean, A.R. and M.A. Nowak, Models of interactions between HIV and other pathogens. J Theor Biol, 1992.
155(1): p. 69-86.

Mosmann, T.R. and R.L. Coffman, TH1 and TH2 cells:. different patterns of lymphokine secretion lead to
different functional properties. Annu Rev Immunol, 1989. 7: p. 145-73.

Janeway, T., Walport, Schlomchik, Immunobiology. 2001.

Tato, C.M., A. Laurence, and J.J. O'Shea, Helper T cell differentiation entersanew era: leroi est mort; vivele
roi! JExp Med, 2006. 203(4): p. 809-12.

Klein, SA., eta., Demonstration of the Thl to Th2 cytokine shift during the course of HIV-1 infection using
cytoplasmic cytokine detection on single cell level by flow cytometry. Aids, 1997. 11(9): p. 1111-8.

Maggi, E., et a., Ability of HIV to promote a TH1 to THO shift and to replicate preferentially in TH2 and THO
cells. Science, 1994. 265(5169): p. 244-8.

Montaner, L.J. and S. Gordon, TH2 downregulation of macrophage HIV-1 replication. Science, 1995. 267(5197):
p. 538-9.

Macchia, D., et a., Invitro infection with HIV enables human CD4+ T cell clonesto induce noncognate contact-
dependent polyclonal B cell activation. JImmunol, 1991. 146(10): p. 3413-8.

Vicenzi, E., et a., Restricted replication of primary HIV-1 isolates using both CCR5 and CXCR4in Th2 but not in
Th1l CD4(+) T cells. JLeukoc Biol, 2002. 72(5): p. 913-20.

Salgame, P., et ., Infection of T cell subsetsby HIV-1 and the effects of interleukin-12. J Interferon Cytokine
Res, 1998. 18(7): p. 521-8.

Shelburne, S.A., M. Montes, and R.J. Hamill, Immune reconstitution inflammatory syndrome: more answers,
mor e questions. JAntimicrob Chemother, 2006. 57(2): p. 167-70.

Grazios, C., et a., Lack of evidencefor the dichotomy of TH1 and TH2 predominancein HIV-infected
individuals. Science, 1994. 265(5169): p. 248-52.

Herzenberg, L.A., et a., Glutathione deficiency isassociated with impaired survival in HIV disease. Proc Natl
Acad Sci U SA, 1997. 94(5): p. 1967-72.

Jahoor, F., et a., Erythrocyte glutathione deficiency in symptom-free HIV infection is associated with decreased
synthesisrate. Am JPhysiol, 1999. 276(1 Pt 1): p. E205-11.

Stephensen, C.B., et a., Glutathione, glutathione peroxidase, and selenium statusin HIV-positive and HI V-
negative adol escentsand young adults. Am J Clin Nutr, 2007. 85(1): p. 173-81.

Pirmohamed, M., et d., Intracellular glutathionein the peripheral blood cells of HIV-infected patients: failureto
show a deficiency. Aids, 1996. 10(5): p. 501-7.

Donald, P.R., et a., Arandomised placebo-controlled trial of the efficacy of beta-sitosterol and itsglucoside as
adjuvantsin thetreatment of pulmonary tuberculosis. Int J Tuberc Lung Dis, 1997. 1(6): p. 518-22.
Breytenbach, U., et al., Flow cytometric analysis of the Th1-Th2 balancein healthy individual sand patients
infected with the human immunodeficiency virus (HIV) receiving a plant sterol/sterolin mixture. Cell Biol Int,
2001. 25(1): p. 43-9.

Kidd, P., Th1/Th2 balance: the hypothesis, itslimitations, and implicationsfor health and disease. Altern Med
Rev, 2003. 8(3): p. 223-46.

Choai, J., et a., Molecular mechanism of decreased glutathione content in human immunodeficiency virustype 1
Tat-transgenic mice. JBiol Chem, 2000. 275(5): p. 3693-8.

Culshaw, R., Science Sold Out: DoesHIV really cause AIDS? 2007, Berkeley, California: North Atlantic Books.
Culshaw, R.,

http: //for ums.del phifor ums.com/n/main.asp?webtag=innocuous& nav=messages& msg=1052.1& prettyur|=%2Fi
nnocuous¥e2Fmessages%02F%3Fmsg%3D 1052%2E1. 7-13-2006.


http://forums.delphiforums.com/n/main.asp?webtag=innocuous&nav=messages&msg=1052.1&prettyurl=%2Finnocuous%2Fmessages%2F%3Fmsg%3D1052%2E1
http://forums.delphiforums.com/n/main.asp?webtag=innocuous&nav=messages&msg=1052.1&prettyurl=%2Finnocuous%2Fmessages%2F%3Fmsg%3D1052%2E1
http://forums.delphiforums.com/n/main.asp?webtag=innocuous&nav=messages&msg=1052.1&prettyurl=%2Finnocuous%2Fmessages%2F%3Fmsg%3D1052%2E1

4]1.

42.

Culshaw, R. and " Gos", KPFT-FM, The Red Pill Show http://apart.libsyn.convindex.php?post_id=132916# 9-7-
2006.

Culshaw, R. and M. Conlan, Zenger'sNewsmagazine;

http: //www.reviewingaids.or g/awiki/index.php/Document: Conlan_interviews_Culshaw. 2006.

Sokal, R.R. and F.J. Rohlif, Biometry. 3 ed. 1994, New Y ork: W.H. Freeman and Company.


http://apart.libsyn.com/index.php?post_id=132916
http://apart.libsyn.com/index.php?post_id=132916
http://www.reviewingaids.org/awiki/index.php/Document:Conlan_interviews_Culshaw
http://www.reviewingaids.org/awiki/index.php/Document:Conlan_interviews_Culshaw

