The “"Chronic Lyme Disease” / Post Treatment Lyme Disease Symptoms
Controversy:

Light at the End of the Tunnel?

The results of five clinical trials indicate that extended antibiotic therapy offers no
clear and lasting benefit in relieving post-treatment Lyme disease symptoms
(PTLDS), a condition sometimes referred to as “chronic Lyme disease” (1-4). No
evidence of active infection was found in any of these studies by culture or
molecular methods. Despite these findings, as well as the fact that evidence of
harm was unambiguous (2,3), some continue to believe that these symptoms are
caused by a persistent Borrelia burgdorferi infection that can be eliminated only
after several months --or more-- of treatment with different antibiotics, given either
singly or in combination. This “anchoring bias” is bolstered by the results of in vitro
experiments demonstrating the presence of viable B. burgdorferi, in cultures
treated with antibiotics (5, 6). Such “persisters”, after isolation and re-cultivation,
are not antibiotic-resistant mutants (5, 7); in studies on two different strains of B.
burgdorferi (8), “persisters” sub-cultured in the presence of the same antibiotic
exhibited killing with a pattern identical to that of the original cell population, i.e.,
all sub-cultured cells were antibiotic sensitive, except for a small proportion that
became “persisters”. To date, it has not been possible to deliberately generate
antibiotic-resistant mutant strains of B. burgdorferi using approaches known to be
successful when applied to other bacteria. How does one explain the phenomenon
of “persisters”?

The work of Abel zur Wiesch et al. (9) describes a testable model in which the
presence of “persisters” in vitro can be explained solely by classic biochemical
kinetics involving the interaction between an antibiotic and its target molecule. In
the case of doxycycline, the bacteriostatic antibiotic of choice for the treatment of
Lyme disease (10), this involves the competitive binding of doxycycline to the 30S
subunit of the ribosome; such binding interferes with -- or displaces -- the binding
of aminoacyl tRNA to the same 30S ribosome subunit, resulting in reversible
suppression of bacterial protein synthesis and decreased growth (bacteriostasis),
rather than irreversible killing or sterilization (11).

Since the binding of doxycycline and aminoacyl tRNA to the same target site (the
30S ribosomal subunit) is both competitive and reversible, there is a forward rate of
reaction that involves association (binding), as well as a reverse rate of reaction
that involves dissociation (unbinding or release) of doxycycline (or aminoacyl
tRNA), from the target molecule (the 30S ribosomal subunit) until equilibrium is
achieved. The net result is either suppression or enhancement of protein synthesis
and/or increased or decreased bacterial growth, depending on the concentration or
density of each reactant. If one increases the concentration of doxycycline without
changing the density of bacterial cells and their 30S ribosomal subunits, there is
inhibition of protein synthesis and decreased bacterial growth (bacteriostasis).




Alternatively, if one decreases the concentration of doxycycline without changing
the density of the bacterial cell population, e.g., by washing away antibiotic and
then transferring the same number of bacterial cells to fresh antibiotic free
medium, the equilibrium is changed in which the inhibition of protein synthesis is
reversed, resulting in increased bacterial growth. Such manipulations have been
conducted and the results documented for in vitro studies involving different
bacterial species and antibiotics (11).

The screening of existing anti-cancer drug libraries to identify candidates more
effective than the antibiotics currently used to treat borreliosis indicated that the
inhibitory effects of all candidate drugs considered to be most promising were
concentration dependent in in vitro studies (12). All these observations are
consistent with the model proposed by Abel zur Wiesch et al. (9). Clinical studies on
the efficacy of using vancomycin, an antibiotic often reserved for use only to treat
the most intractable bacterial infections, showed it to be no more advantageous
than the recommend oral therapy for treating Lyme disease with doxycycline,
amoxicillin, or cefuroxime axetil (13). Since vancomycin requires the placement of
an intravenous catheter, its use to treat Lyme disease is not justified and may even
result in a variety of potentially serious adverse effects.

Although these events surely occur when antibiotics are given in vivo, there are
major differences that can greatly influence the outcome. First, the in vivo
environment represents an open system in which the concentration of antibiotics as
well as the density of the bacterial population are continually changing, thereby
influencing the pharmacokinetics (i.e., the concentration, diffusion, elimination, and
dissemination of reactants throughout the body); obviously, establishing and
controlling the chemical equilibrium described above in a closed in vitro
environment is much easier than in an open in vivo environment. Second, and
perhaps of greater importance, is the inability to approximate the humoral and
cellular protective effects of the host immune system in vitro. Since the protective
effects of the host immune system play a decisive role in curing or limiting
infections in vivo, evaluating the clinical significance of “persisters” simply by
conducting in vitro experiments alone is impossible.

Some investigators have reported the presence of intact bacterial cells in the
tissues of animals treated with what appears to be adequate amounts of antibiotics
after infection with B. burgdorferi. However, these may just be intact non-viable
cells; unlike the “persisters” found in in vitro studies, these intact cells --which have
pharmacological properties-- have not yet been isolated, re-cultured, and then
shown to produce disease (14-17).

Recently, Jutras et al. reported that when B. burgdorferi multiply during infection,
they shed peptidoglycan (PG), a pharmacologically active cell component that elicits
an inflammatory response via an interaction with host cells that play an important
role in the innate immune response (19). Such an interaction might well contribute
to the expression of many of the symptoms associated with PTLDS. Because
Borrelia are unable to re-cycle PG back into progeny cells, it accumulates in tissues



at the site of infection, thereby enabling PG to exert its inflammatory effects, long
after infection has been cured by antibiotic therapy. The longer an infection
progresses without treatment, the more PG will accumulate to exert its effect, even
though the initial infection was subsequently cured by adequate antibiotic therapy.
Thus, symptoms usually associated with PTLDS may very well be the result of a
persistent pharmacologically active PG, rather than a persistent bacterial infection
in which case extended antibiotic therapy would be of no value.

To test this hypothesis, Jutras et al., injected isolated, purified PG into the joints of
mice and discovered it was able to generate the same type of dramatic joint
inflammation observed in a well-characterized animal model of Lyme-induced
arthritis (19). In other studies, synovial fluids were collected from patients with
confirmed Lyme-induced antibiotic-refractory arthritis, i.e., from patients who were
seropositive, unresponsive to extended antibiotic therapy, and with no evidence of
active infection; such specimens were found to contain significant amounts of PG.
Since synovectomy has been shown to alleviate antibiotic-refractory Lyme-induced
arthritis (20), all these observations are consistent with the hypothesis.

The results of other studies showed that the number of arthritis episodes in patients
with antibiotic-refractory Lyme-induced arthritis declines slowly but progressively
with time and disappears within 9 years with no additional antibiotic treatment
(21). Although this indicates that PG is slowly eliminated from synovial fluid with
time, physical removal may not be a practical solution to this problem. Perhaps a
better strategy might be to devise an approach that involves neutralizing the
pharmacological effects of PG as suggested by Jutras et al. (19). Hopefully, an
awareness and appreciation of the significance of these observations will encourage
others to conduct definitive studies in that regard, instead of treating patients with
different antibiotics, given singly or in combination for extended periods of time, to
cure an unproven persistent Borrelial infection. In this context, the results of a
small clinical trial showed that the symptoms of PTLDS were eliminated in 9 of 10
patients treated with gabapentin or Lyrica (22). It remains to be determined if
treatment with other pain-relieving/anti-inflammatory agents would be as or even
more effective in that regard.

Although there is no evidence to indicate that “persisters” play a significant role in
the pathogenesis of Lyme disease in humans, the complete elimination of infection
is seldom used as the benchmark for success in the treatment of other infectious
diseases; with the exception of tuberculosis, the resolution of symptoms and the
lack of relapse, rather than the detection of viable bacteria, are of primary concern.
However, in addition to the well-known bactericidal and bacteriostatic effects of
antibiotics, they also have many other biological, physiological, and
immunomodulatory properties that could have a significant impact on various host
defense mechanisms. These include their ability to: (a) suppress the expression of
virulence factors (e.g., quorum sensing mechanisms, as well as the production of
exotoxins, exopolysacccharides, pili, flagellin, and lipopolysaccharides; (b)
accumulate in inflammatory cells in high concentration, thereby providing more



efficient delivery of antibiotic to sites of infection; (c) downregulate the molecular
expression of integrins known to influence leucocyte adhesion and the accumulation
of macrophages and neutrophils at sites of infection; (d) inhibit the maturation and
proliferation of subsets of T lymphocytes, as well as to influence immunoglobulin
secretion and isotype class switching by B lymphocytes; (e) protect the respiratory
ciliated epithelium from bacterial injury by interfering with bacterial adherence and
colonization; (f) inhibit neutrophil migration; (g) modulate the expression of
adhesion molecules and to reduce the production of chemotactic factors at the site
of inflammation; (h) increase the production of various inflammatory cytokines
(e.qg., IL-8, IL-1B, and TNF-a) that are potent activators of neutrophils; (g) increase
the production of IL-2 colony stimulating factor, and other cytokines that modulate
the induction of TH1 and TH2 lymphocyte activity; and, (h) to cause significant
reductions in the numbers of lymphocytes and the ratio of CD4+CD8+T
lymphocytes (23). The implications of these findings with respect to extended
antibiotic therapy remains to be fully assessed. If one considers the fact that as
many as 15 different B-lactam antibiotics, including penicillin and its derivatives,
exert profound neuroprotective effects (24), it often may be very difficult to
attribute the beneficial effects of antibiotic therapy solely to the elimination of an
active infection.

Phillip J. Baker

Executive Director

American Lyme Disease Foundation
(Revised 7/11/19)

References

1. Klempner, LB, Hu, L, Evans, J, Schmid, CH, Johnson, GM, Norton, RP, Levy,
L, Wall, G, Kosinski, M and Weinstein, A. N. Engl. J. Med. 345; 85-92, 2001.

2. Krupp, LB, Hyman, LG, Grimson, R, Coyle, PK, Melville, P, Dattwyler, AS, and
Chandler, B. Neurol. 60; 1923-1930, 2003.

3. Fallon, BA, Keilp, ]G, Corber, KM, Petkova, E, Nelson, DR, and Sackheim, HA.
Neurol. 120; 992-1003: 2008.

4. Berende, A, ter Hofstede, HIM, Vos, FJ, van Middendorp, H, Vogelaar, ML,
Tromp, M, van den Hoogan, FH, Donders, ART, Evers, AWM, and Kulberg, BJ.
N. Engl. J. Med. 374; 1209-1220, 2016.

5. Sharma, B, Brown, AV, Matluck, NE, Hu, L, and Lewis, K. Antimicrobial
Agents and Chemother. 59; 4616-4624, 2015.

6. Caskey, JR, and Embers, ME. Antimicrobial Agents and Chemother. 59;
6288-6295, 2015.

7. Lewis, K. Ann. Rev. Microbiol. 64; 357-372, 2007.



8. lyer, R, Mukerjee, P., Wang, K., Simons, J., Wormser, G.P., and Schwartz, I.
J. Clin. Microbiol. 51; 857-862, 2013.

9. Abel zur Wiesch, P, Gkotzis, S, Ocampo, P, Engelstadter, J, Hinkley, T,
Magnus, C, Waldor, MK, Udekwu, K, and Cohen, T. Sci. Transl. 2015 May 13;
7(287).(see:
http://stm.sciencemag.org/content/7/287/287ra73.full.pdf+html ).

10.Wormser, GP, Dattwyler, R], Shapiro, ED, Halperin, 1], Steere, AC,
Klempner, MS, Krause, PJ], Bakken, ]S, Strle, F, Stanek, G, Bockenstedt, L,
Fish, D, Dumler, JS, and Nadelman, RB. Clin. Infect. Dis. 43; 1089-1134,
2006.

11.Chopra, I, and Roberts, M. Microbiol. and Molecular Biol. Revs. 65; 232-260,
2001.

12.Pothineni, VR, Wagh, D, Babar, MM, Inayathullah, M, Watts, RE, Kim, K-M,
Parakh, MB, Gurjarpadhye, AA, Solow-Cordero, D, Talebi, L., and Rajadas, J.
J. Antibiotics, Advance online publication, Nov 9, 2016

13.Wormser, GP and Barbour, AG. Wien Klin.Wochenschr. 2019, May 10.
D0i10.1007/s00508-019-1505-6 [Epub ahead of print].

14 .Wormser, GP, Nadelman, RB, and Schwartz, I. Clin. Rheumatol. 31; 989-
995, 2012

15. Embers, ME, Barthold, SW, Borda, JT, Bowers, L, Doyle, L, Hodzic, E,
Jacobs, MB, Hasenkampf, NR, Martin, DS, Narasimhan, S, Phillippi-
Falkernstein, KM, Purcell, JE, Ratterree, MS, and Philipp, MT. PlosOne 7; 1-
12, 2012.

16.Jacobs, MB, Hasenkampf, NR, Martin, DS, Narasimhan, S, Phillippi-
Falkermsein, KM, Purcell, LE, Ratteree, MS, and Philipp, M. PlosOne 7; 1-12,
2012.

17.Bockenstedt, LK, Gonzalez, DG, Haberman, AM, and Belperron, AA. J. Clin.
Invest. 122; 2652-2660, 2012.

18.Wormser, GP, Nadelman, RB, and Schwartz, I. Clin. Rheummatol. 31; 989-
994, 2012.

19.]utras, B, Lochhead, RB, Kloos, ZA, Biboy, ], Strle, K, Booth, Cj, Govers, SK,
Gray, P, Schulman, P, Vollmier, W, Bockenstedt, LK, and Steere, AC. PNAS
www.pnas.org/lookup/suppl/doi;10.1073/pnas.1904170116/-
/DCSupplemental.

20.Schoen, RT, Aversa, JM, Rahn, DW, and Steere, AC. Arthritis Rheum. 34;
1056-10600, 1991.

21.Steere, AC, Schoen, RT, and Taylor, E. Ann. Intern. Med. 107; 725-731,
1987.

22.Weissenbacher, S, Ring, J, and Hofman, H. Dermatol. 211; 123-127, 2005.

23.Antibiotics as Antiinflammatory and Immunomodulatory Agents, Rubin, BK
and Tamoki, J eds., Birkhauser Verlag, Boston, 2005, 273pp.

24.Rothstein, ID, Patel, S, Regan, MR, et al., Nature 433; 73-77, 2005.




