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ABSTRACT
Most patients with COVID-19 disease caused by the SARS-CoV-2 virus recover from this
infection, but a significant fraction progress to a fatal outcome. As with some other RNA
viruses, co-infection or activation of latent bacterial infections along with pre-existing health
conditions in COVID-19 disease may be important in determining a fatal disease course.
Mycoplasma spp. (M. pneumonaie, M. fermentans, etc.) have been routinely found as coinfections in a wide number of clinical conditions, and in some cases this has progressed to a
fatal disease. Although preliminary, Mycoplasma pneumoniae has been identified in COVID-19
disease, and the severity of some signs and symptoms in progressive COVID-19 patients could
be due, in part, to mycoplasma or other bacterial infections. Moreover, the presence of
pathogenic Mycoplasma species or other pathogenic bacteria in COVID-19 disease may confer a
perfect storm of cytokine and hemodynamic dysfunction, autoimmune activation, mitochondrial
dysfunction and other complications that together cannot be easily corrected in patients with preexisting health conditions. The positive responses of only some COVID-19 patients to antibiotic
and anti-malaria therapy could have been the result of suppression of Mycoplasma species and
other bacterial co-infections in subsets of patients. Thus it may be useful to use molecular tests
to determine the presence of pathogenic Mycoplasma species and other pathogenic bacteria that
are commonly found in atypical pneumonia in all hospitalized COVID-19 patients, and when
positive results are obtained, these patients should treated accordingly in order to improve
clinical responses and patient outcomes.
[Abstract word count = 244]
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1. Introduction
The appearance of an outbreak of unexplainable pneumonia in Hubei province, China in 2019
revealed that a new coronavirus named 2019-nCoV (renamed SARS-CoV-2 coronavirus) was
the cause [1] [2]. Patients presented with respiratory and other symptoms, such as cough, fever,
and lung damage, along with fatigue, myalgia, dyspnoea, arthralgia, diarrhea, vomiting,
headache, among other symptoms [2] [3].
Outcomes of COVID-19 vary from mild, self-limiting disease with respiratory symptoms
to more severe manifestations and death [3] [4]. Patients with COVID-19 that progressed to
death generally were older and had other underlying health conditions, such as hypertension,
cardiovascular disease, chronic obstructive pulmonary disease, diabetes, chronic kidney disease,
malignancy, or other conditions [4] [5]. The severe complications associated with non-survival
from COVID-19 were primarily acute respiratory distress syndrome (ARDS), septic shock,
metabolic acidosis, coagulation dysfunction and multiple organ failure [5] [6] [7]. Among the
most common organ failures were lung, heart and kidney [7]. Rarely mentioned in these articles
was the possibility that other bacterial or viral co-infections could be contributing to either the
pathogenesis of SARS-CoV-2 or to the lethal phase of the disease.
This contribution will focus on a possible role for intracellular bacterial infections, such
as Mycoplasma species and other possible intracellular bacteria (Chlamydia pneumoniae, among
other possible infections), in the progression and non-survival of COVID-19 patients. Such
infections, if present, could contribute to the lethality of the SARS-CoV-2 virus in COVID-19
patients.
2. Mycoplasma species
One of the most commonly found co-infections in a variety of chronic health conditions and
diseases are various pathogenic Mycoplasma species [8]-[10]. Pathogenic Mycoplasma species
infections are usually community-acquired infections that are non-fatal, but some patients can
progress to a fulminant, systemic disease that results in death [11] [12].
Mycoplasmal infections are often associated with other bacterial and viral infections [8][10] [13]-[15], and the presence of multiple Mycoplasma species (and other bacteria and viruses)
has been statistically associated with more severe signs and symptoms in chronic illnesses [14].
An example is tick-borne Lyme disease where several co-infections are involved in causing
complex clinical presentations, and in this example Mycoplasma was usually the most common
Lyme disease co-infection found with Borrelia species and other infections [15] [16]. Also,
mycoplasma infections are often found in community-acquired pneumonia as co-infections with
influenza and other infections [17]-[21]. Co-infections of mycoplasma have been found
previously in patients with SARS virus infections [22].
Pathogenic mycoplasmas are often found as respiratory tract infections that induce
airway inflammation and bronchial hyper-responsiveness (BHR) [23]. For example, the
induction of M. pneumoniae-specific IgE and IgA is likely to play an important role in
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exacerbating BHR and asthma. Indeed, elevations of IgE antibodies specific to M. pneumoniae
have been detected in the serum of patients with M. pneumoniae-induced pneumonia. The serum
levels of specific IgE and IgA followed infection with M. pneumoniae, and this was especially
true in patients with pre-existing asthma-BHR [24]. M. pneumoniae was found in 24.7% of
patients with asthma-BHR but in only 5.7% of control subjects [25].
Mycoplasma pneumoniae has recently been identified in COVID-19 disease [26]. This
communication [26], along with a different case report [27], suggested that Mycoplasma should
be considered as a possible co-infection in progressive COVID-19 disease. In a separate study
with 138 patients with COVID-19, 26.5% of COVID-19 patients were found to have
Mycoplasma species infections [28]. This percentage may be low due to the insensitivity of the
testing procedures used [28]. Other related bacteria, such as Chlamydia pneumoniae and other
Chlamydia species were also found at similar levels, but it was not clear from this contribution
whether this occurred in the same patients that were positive for mycoplasma or in different
patients [28]. COVID-19 patients are rarely examined for intracellular bacterial infections like
mycoplasma [2]-[6]. In the cases where bacterial infections have been considered, Klebsiella
pneumonia, Aspergillus flavus, A. fumigatus, extended spectrum beta-lactamase-positive (ESBL)
K. pneumoniae, ESBL-positive Pseudomonas aeruginosa, and ESBL-negative Serratia
marcescens, and Candida albicans have been found, usually in individual patients. When these
bacterial infections were found in COVID-19 patients, they were considered hospital-acquired
and unrelated to patient mortality [7].
3. Oxygen Depravation and Mitochondria
The usual clinical course for patients with fatal COVID-19 disease has been found to be
progression to critical ARDS requiring oxygen and mechanical ventilation [1]-[3] [7]. In the
severe cases of SARS-CoV-2 infections the most significant difference between surviving
patients and non-surviving patients was the ratio of partial pressure of oxygen (PaO2) to fraction
of inspired oxygen (FiO2, from arterial blood gas analysis) or acute onset hypoxemia [7]. The
ratios of PaO2 to FiO2 were found to be significantly lower in non-survivors, consistent with
severe ARDS [7] [29]. Even with extracorporeal membrane oxygenation [7] or inhaled
pulmonary vasodilators [20], critical COVID-19 patients failed to survive. This suggests that
oxygen is not being taken in, utilized effectively and passed into the circulation by lung tissues,
possibly because cells infected with SARS-CoV-2 virus and other intracellular bacterial coinfections have lost their abilities to maintain proper circulatory oxygen levels.
In cells oxygen is utilized by mitochondria to produce high-energy molecules through
oxidative phosphorylation. Mitochondria are also required for other critical functions, such as
regulation of ion and redox homeostasis, biosynthesis of lipid and other metabolites, innate
immunity, autophagy, cell signaling, regulation of cell death, and other cellular functions [30]
[31]. Mitochondria can be affected negatively by several types of infections, including
coronaviruses (see below) and mycoplasmas [32]-[35]. For example, Mycoplasma pneumoniae
infection results in the excess production of Reactive Oxygen Species (ROS) that can damage
mitochondrial membranes and mitochondrial DNA. ROS have also been found to interfere with
mitochondrial metabolism and stress responses in human lung cells [35]. Infections like
mycoplasma also steal important mitochondrial metabolites that are needed for mitochondrial
function and produce toxic molecules that damage mitochondria and cells and affect
mitochondrial function (see below).
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In COVID-19 patients compromised oxygen exchange in the air sacs of the lungs could
be the cause of dyspnea or hypoxia [36]. However, the problem is likely to be more systemic,
involving widespread mitochondrial dysfunction in endothelial cells and in various tissues and
organs affected by SARS-CoV-2 and other co-infections. Possible co-infections include various
mycoplasmas and other intracellular bacteria that can cause mitochondrial dysfunction [32]-[37].
In addition to lungs, organ damage can also occur in other tissues, such as heart and kidney, and
cause their failure [2] [3] [7].
4. Suppression of Host and Mitochondrial Responses
Mitochondria have an impact on the pathogenesis of many common diseases and disorders,
including neurodegenerative diseases, metabolic diseases, cardiovascular diseases, fatiguing
illnesses, among others, and importantly for this discussion, infectious diseases [31]-[33] [37]
[38]. Some infections alter mitochondrial dynamics and promote pathogenesis that benefits the
infectious process [33]. For example, SARS coronaviruses interfere with mitochondrial
mitophagy and innate immunity against infections [34]. This will be discussed in more detail in
the next section.
In acute COVID-19 cases with severe respiratory complications (ARDS) the patients who
died had severe massive alveolar damage and progressive respiratory failure [7] [36], even in
cases where antiviral and corticosteroid therapies were given in an effort to attenuate pulmonary
inflammation [36]. Lymphocytopenia has been a common finding in COVID-19 patients [29],
but this finding has not been useful in identifying whether a patient will survive or not [7].
When mononuclear cells were examined in COVID-19 patients, their status was concluded to be
hyper-activated, with high proportions of CD4, CD8 and CD38 cells, increased numbers of
proinflammatory cells, and high concentrations of cytotoxic granules inside cells [36].
Pathogenic mycoplasmas, such as M. pneumoniae, are known to cause communityacquired atypical pneumonias with immunological manifestations [12] [24] [39]. These
infections are typified by inflammatory reactions and immune suppression [12] [24] [40]-[42].
However, mycoplasmas do not possess typical bacterial cell walls that contain inflammationinducing endotoxins, such as lipopolysaccharides [12] [41]. Instead, mycoplasmas contain
lipoproteins that can induce inflammatory responses through Toll-like (TLR) and other receptors,
and they induce release of pro-inflammatory cytokines that contribute to the clinical problem
[41]-[43]. This will be discussed further in Section 7.
Since the populous has not been exposed previously to the SARS-CoV-2 virus, they
generally do not possess immunity to this infection and thus adaptive immune responses are nonexistent [44]. However, based on findings with other coronaviruses, such as SARS-CoV, host
innate immune response systems that utilize pattern recognition and TLR receptors will likely be
involved in initial responses [45]. Even when the adaptive immune responses are initiated,
involving various T cell linages and B cell production of antibodies, SARS-CoV-2 may initiate
immune suppression by inducing apoptosis of T cells. This type of B-cell humoral immunity is
thought to be important in combating infections of SARS-CoV-2 [44].
5. Blood and Coagulation Disturbances
Patients with COVID-19 disease and atypical pneumonia tend to show blood disturbances, such
as leukoctyopenia, lymphocytopenia and thrombocytopenia, along with elevated levels of
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aspartate aminotransferase, alanine aminotransferase, creatine kinase and troponin 1 that were
related to severity of disease [2] [7] [46]. These latter serum markers are indicative of liver,
kidney and heart injury and are consistent with clinical findings on COVID-19 [2] [7] [44] [46].
Increased levels of C-reactive protein and erythrocyte sedimentation were also routinely
found, suggesting endothelial cell damage in COVID-19 disease [44] [46] [47]. The COVID-19
patients requiring intensive care (ICU) also showed significant differences in prothrombin
clotting time and increases in the presence of D-dimers (fibrin degradation fragments) [2].
There were differences also between surviving and non-surviving COVID-19 patients in ICUs
[48]. Thrombotic complications have been a common finding in COVID-19 patients, with
increases in acute pulmonary embolism, deep-vein thrombosis and systemic arterial embolism,
despite intensive thromboprophylaxis [49]. It has been especially important to control blood
hemodynamics in COVID-19 patients, especially in those patients requiring ventilation [47][49].
Similar to COVID-19 disease, patients with mycoplasma infections, especially M.
pneumoniae infections, show significant increases in serum aspartate aminotransferase, alanine
aminotransferase as well as increases in lactate dehydrogenase [50]. As found in COVID-19
disease, this suggests that organ damage to liver and possibly other organs by the infectious
process could be enhanced by the presence of mycoplasma or other bacteria. Also, high levels of
C-reactive protein are typical in M. pneumoniae infections, and the ratios of C-reactive protein to
procalcitonin were found to be predictive for mycoplasma-induced pneumonia [51]. Similar to
COVID-19 patients, common findings in M. pneumoniae infections are thrombocytopenia,
widespread platelet aggregation and hemolytic anemia [52].
6. Biotoxins and Host Responses
Various infective agents have evolved with different strategies to evade host non-immune and
immune mechanisms that have been developed to inhibit infections. Simple RNA viruses use
explosive replication to outpace host response mechanisms, but they have also evolved with
particular strategies to deal with host responses, such as innate host responses and adaptive
immune responses. SARS-CoV virus components or their replication intermediates are first
recognized by host innate response systems using Pattern Recognition Receptors (PRRs) present
in the cytosol and on various cellular membranes. These PRRs recognize viral Pathogen
Associated Molecular Patterns (PAMPs) or viral structures with unique structural characteristics
and initiate anti-infective responses [53] [54].
While SARS-CoV viruses attempt to evade host innate recognition and response systems,
host cells that detect SARS-CoV viruses turn on production of cytokines, chemokines and
interferon-stimulated gene (ISG) responses to counter SARS-CoV infections [54] [55]. This will
be considered in the context of fatal infections in the next section. To counter innate immune
signaling, SARS-CoV viruses encode several proteins that antagonize the host response to
prevent activation of antiviral systems inside host cells and prevent host interferon responses
[54].
Mycoplasmas use various virulence mechanisms to survive during their pathogenic
development [56] [57]. Inside cells they compete for cellular nutrients and metabolites, and in
this way they can deplete host precursor molecules and disrupt host metabolic and synthetic
pathways [56]. They also secrete some of their own enzymes, such as lipases, proteases,
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nucleases and other enzymes, that can disrupt and interfere with host structures and metabolites
[57] [58]. Mycoplasmas can also stimulate the generation of hydrogen peroxide and superoxide
radicals that damage host cellular membranes, mitochondria and other structures [56].
Pathogenic mycoplasmas can synthesize degradative enzymes that can damage tissues
and cause pathogenic changes, such as secondary necrosis [59]. They can also cause tissue
damage with the morphological characteristics of apoptosis, such as chromatin condensation, as
well as necrosis, with characteristic loss of membrane integrity and organelle swelling [60].
Arginine deaminase is an example of a growth-inhibitory mycoplasma-produced enzyme that
inhibits the growth of human T-cells. This enzyme can suppresses IL-2 production and receptor
expression in T-cells stimulated by non-specific mitogens. It can also produce the morphologic
features of dying cells, such as DNA fragmentation that is seen during apoptosis [42]. This
enzyme has been followed in patients with community-acquired pneumonia as a possible marker
for M. pneumoniae infections [61].
Some Mycoplasma species can directly cause host cell death, but a more common feature
of pathogenic mycoplasma infections is the induction of host cytokines [62]. Indeed, cytokineinducing activity is a general feature of most, if not all, pathogenic mycoplasma species, and this
important topic for COVID-19 disease will be discussed in the next section. The cell death
effects of mycoplasmas are usually mediated by lipid-associated molecules (lipoproteins), and
they are not associated with decreases in mitochondrial trans-membrane potential or inhibited by
pre-incubation with the drug N-acetylcysteine, which is typically found in TNFa-mediated
apoptosis. Rather, a non-lipid-associated protein (15-30 kDa) was found to mediate
mycoplasma-mediated cell death [63].
Similar to SARS-CoV viruses, pathogenic mycoplasmas cause cardiovascular and
pulmonary manifestations that can result in extreme patient morbidity and death [57] [61] [62].
Several examples of cardiovascular and pulmonary tissue damage have been reported as due to
vascular occlusion via thrombosis and the formation of vascular immune complexes. Pathogenic
mycoplasma-caused vascular occlusion has been reported for heart, lung, kidney, brain and other
organs [60] [62].
Pathogenic mycoplasmas also release biotoxins that directly damage cells and tissues and
stimulate host innate response systems [58] [62]-[64]. A Mycoplasma pneumoniae-released
biotoxin, called the community-acquired respiratory distress syndrome toxin (CARDS), has been
isolated and found to be an ADP- and protein-ribosylating as well as a vacuole-causing cytotoxin
[65]. The effects of this biotoxin also include alterations of enzymes and other proteins of
various metabolic pathways. As mentioned above, this biotoxin activates innate immunity, and
this is mediated through the NLRP3 inflammasome complex, which ultimately causes cellrelease of IL-1. It also stimulates hyper-inflammation and tissue damage, among other
pathologic effects, and it appears to be responsible, in part, for pulmonary inflammation along
with cytokine release. Clinically it causes significant airway dysfunction, which is usually seen
as loss of ciliary function of the respiratory epithelium and includes lung cell vacuolization, lung
cell rounding/distortion and disruption of pulmonary epithelial integrity. It may be responsible
for respiratory failure and some of the fatal outcomes that have been found in acute M.
pneumoniae infections [66].
7. Cytokines and Cytokine Storms
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Excess inflammatory cytokine and chemokine production and release into the surrounding tissue
and the circulatory system (‘cytokine storm’) can be seen during severe infectious disease
progression, and it is often found in fatal cases of viral infections. It is caused by a severe and
excessive immune response initiated by a positive feedback cycle between various cytokines and
immune cells.
COVID-19 disease progression to severe hypoxia, pulmonary edema, accumulation of
inflammatory cells in the lungs, ARDS and eventually organ failure often ends in a lethal
outcome with high mortality rates [2] [3] [5]-[7]. Consistent with this lethal progression is the
increasing induction and production of inflammatory cytokines, including interleukin-1 (IL-1),
IL-6, IL-7, IL-8, IL-10, tumor necrosis factor-alpha (TNF and other cytokines and
chemokines, all of which have been found in SARS-CoV viral infections [54] [55]. Compared to
healthy, non-symptomatic adults the levels of plasma cytokines (IL-1beta, IL-RA, IL-7, IL-8, IL9, IL-10, TNFalpha and other cytokines and chemokines) were higher in both non-ICU and ICU
patients with COVID-19 disease compared to controls [2]. Importantly, recent studies have
shown significantly higher levels of inflammatory cytokines (IL-2R, IL-6, IL-8, IL-10, TNFalpha)
in ICU non-survivors compared to ICU survivors of COVID-19 disease [67]. This suggests that
excessive, multiple cytokines produced during progressive disease or ‘cytokine storm’
contributes to the fatal outcome seen in many COVID-19 patients.
Cytokine/chemokine release at tissue sites, such as the inflammatory cytokines and
chemokines found at exaggerated levels in lung tissue during RNA virus infections, is
particularly difficult to deal with in animals and in humans [68] [69]. There are over 150
different pro-inflammatory and anti-inflammatory cytokines, chemokines, interferons, growth
factors and other tissue factors that are synthesized and released into tissues and the blood during
a vigorous immune system response, and these signaling molecules can cause high fever,
redness, swelling, fatigue, nausea and other symptoms [68]-[70].
At the cellular and tissue levels SARS-CoV viruses and the virus-induced cytokine
storms that are caused by these viruses result in significant damage to tissues, especially lung
tissue. This pulmonary damage can be observed as diffuse injury to alveolar epithelial cells,
fibroblasts and alveolar macrophages. Specifically, the damage has been characterized as
hyaline membrane formation, desquamation of pneumocytes, edema and inflammatory cell
infiltration, among other adverse effects [71].
During the infection process lung cells secrete various cytokines and chemokines that
induce fibroblast activation, extracellular matrix deposition and alveolar epithelial damage. Such
aberrant response, along with excessive cytokine production, are not unique to RNA viruses;
they have been associated with the pathogenesis of a variety of non-infectious and infectious
diseases, from viral infections to neurodegenerative disorders [70].
Mycoplasma infections also result in the production of inflammatory cytokines, including
IL-1beta, IL-2, IL-6, IL-8 and TNFalpha as well as various interferons and leukocyte growth
factors [57] [62]-[64]. In fatal cases of M. pneumoniae cytokines, such as IL-18 but not
interferon, were found to be significantly higher in, for example, patients with fulminant
pneumonia [12]. During infection by M. pneumoniae the production of cytokines (IL-1beta, IL-6,
IL-10, TNFalpha among others) increases markedly, and this is thought to be an indication of
tissue damage [72]. In the case of M. pneumoniae such damage has been directly related to the
release of various inflammatory cytokines, chemokines and other inflammatory molecules and
the subsequent tissue and immune responses to these molecules [72].
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8. Antibiotics, Anti-Malarial and Other Treatments
In describing some of the treatments used to fight COVID-19 disease, we will only discuss here
those commonly used treatments that relate to possible bacterial co-infections or activated latent
bacterial infections. Although the consequences of SARS-CoV-2 coronavirus anti-viral and
other treatments and general ICU supportive procedures are fundamentally important in caring
for COVID-19 patients, that is not the purpose of our contribution. The use of anti-viral and
other drugs and ICU supportive procedures have been extensively reviewed by others, and this
discussion will not be repeated here. Thus the reader is referred to other recent articles for
information on primary and ICU supportive treatments useful in the management of COVID-19
disease [2] [6] [7] [28] [29] [44] [47] [48].
8.1. Antibiotics and COVID-19
Since mycoplasmas do not have cell walls, the antibiotics that act on cell wall synthesis, such as
-lactams (penicillins, cephalosporins, among others), are ineffective against mycoplasmas [24]
[62] [64] [73] [74]. Thus mycoplasmas are often treated with anti-microbials that act on their
metabolism, replication, synthetic machinery or other specific bacterial targets, even though the
actions of these drugs are mainly bacterostatic [24] [62] [74]. Since most mycoplasmas are
sensitive to tetracyclines (doxycycline, minocycline, among others) or macrolides (azithromycin,
clarithromycin, among others), with some notable exceptions [62] [75] [77], these are often used
for frontline treatment of Mycoplasma species, and quinolones (ciprofloxacin, sparfloxacin,
levofloxacin, among others), are often used as alternative treatments.
In general viruses are not susceptible to antibiotics, but particular antibiotics have been
used during viral infections to treat bacterial co-infections or latent infections. This is common
in cases of adult community-acquired pneumonia where Mycoplasma species were often the
most frequent type of bacterial infection found in cases identified as viral pneumonia [78].
In addition, some macrolide antibiotics, such as azithromycin, have anti-viral activities
against specific viruses, such as rhinoviruses identified in virus-associated pulmonary conditions
found in cystic fibrosis [79] and zika virus recovered from developing human brain tissue [80].
In bronchial epithelial cells pre-treatment with azithromycin reduced rhinovirus replication as
well as asthma exacerbations and other complications, as estimated by the synthesis of proinflammatory cytokines, interferon- responses and increases in rhinovirus-induced pattern
recognition receptor [79].
Other macrolides may be useful in the treatment of respiratory viral infections due to
their effects on pulmonary cells. In this situation the positive effects of macrolides have been
attributed, in part, to their anti-inflammatory and immunomodulatory effects [81]-[83].
Although macrolides have been shown to be efficacious in treating some infections, their use
comes with some possible risk of cardiac complications, such as QT prolongation [84].
In COVID-19 disease antibiotics have been used mainly as a part of supportive care and
prevention of super-infection, without identification of possible bacterial co-infections or
activation of latent bacterial infections [2] [7] [44] [47] [48]. In some treatment studies on
COVID-19 disease an antibiotic (azithromycin) was used with an anti-malarial drug
(hydroxychloroquine). For example, this combination was used in Marseille, France in an open
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label non-randomized clinical trial, but the azithromycin was added mainly as a part of
supportive care [85]. The results of this preliminary study will be discussed in the next section.
Another antibiotic active against mycoplasmas, doxycycline [62] [64] [73], might also be
useful in COVID-19 because of its potential binding to rRNA and inhibition of microbial protein
synthesis [86]. Indeed, doxycycline has proved to be an important option for chronic
mycoplasma infections resistant to other treatments [62] [73], and its effectiveness in COVID-19
care might be more related to its suppression of bacterial growth than any anti-viral action.
8.2 Anti-Malarial Drugs and COVID-19
The interesting use of the anti-malarial drug, hydroxychloroquine, in the treatment of COVID-19
disease was reported by Gautret et al. [85]. This followed from an earlier study on the
suppressive effects of chloroquine on SARS-CoV infection of Vero E6 cells in culture [87].
Chloroquine and hydroxychloroquine have many uses because of their anti-inflammatory and
potential chemo-sensitization properties; they have been used widely to treat various human
diseases, such as malaria and amoebiosis, without significant adverse effects [88]. The main
anti-parasitic and anti-viral effects of the chloroquines are thought to occur by the alkylization of
cellular endosomes, Golgi and lysosomes, and possibly also by affecting phospholipid
metabolism and zinc ion levels to modify parasite and virus entry [89]. In addition, chloroquines
block BK channels that are essential in proinflammatory responses that can lead to cytokine
storms [90].
In China chloroquine phosphate has been used to treat COVID-19 pneumonia patients.
Although a recent preliminary report on this lacks detail and analysis, it was stated that
chloroquine could be a breakthrough in COVID-19 treatment [91]. In this study patients
receiving chloroquine phosphate showed less exacerbation of pneumonia, and they had improved
lung imaging compared to control treatment. In addition, severe adverse reactions to
chloroquine phosphate were not found in these patients [91]. In the French study using
hydroxychloroquine and azithromycin, viral carriage was reduced significantly over a 6-day
study with hydroxychloroquine, and the addition of azithromycin was significantly better than
hydroxychloroquine alone [85]. In a recent randomized clinical trial using low (450 mg) and
high (600 mg) dose chloroquine as adjunct therapy for COVID-19 patients viral RNA was
detected at about the same prevalence in both groups: 31/41 (low dose) and 31/40 (high dose).
However, by day 13 fatalities in the high-dose group were higher (39%) than in the low-dose
group (15%), most likely because of a higher incidence of heart problems in the high-dose group
[92]. Thus use of chloroquine or hydroxychloroquine for COVID-19 disease may come at a
cost—a higher incidence of coronary problems [92]. Even with these limitations,
hydroxychloroquine and chloroquine phosphate have been proposed to be potentially useful
experimental drugs for the treatment of some COVID-19 patients [93].
8.3 Other Treatments in COVID-19
In addition to anti-viral drugs that target SARS-CoV-2 viral replication, other treatment
approaches for COVID-19 disease include methods to inhibit viral attachment, fusion and entry
into cells, suppression of inflammatory responses, vaccines and convalescent plasma treatments
[94] as well as combinations of conventional and alternative medicine [37] [38] [94]. For
example, various combinations of anti-viral, anti-inflammatory and other drugs along with anti-
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oxidants, zinc ion, and other approaches, such as use of molecular hydrogen to help control
inflammation and oxidative damage [95]. For the most part, the current approaches used to
develop new treatments for COVID-19 disease do not take into account the possibility of
bacterial co-infections or activation of latent bacterial infections.
9. Final Comments
Our hypothesis has been that infections like Mycoplasma and other bacterial species (Chlamydia
pneumoniae, among others) could be contributing to the morbidity and mortality seen in
COVID-19 disease. Infections like M. pneumoniae, M. fermentans and other Mycoplasma
species are known to cause lethal diseases on their own in some patients, so when present with
SARS-CoV-2 infections, they could be significantly contributing to COVID-19 mortality. In
other diseases caused by RNA viruses, such as HIV-1, M. fermentans and M. penetrans coinfections have been proposed to be important co-factors in the development of fatal disease [96]
[97]. This could also be, in part, the reason that some patients with COVID-19 progress to a
fatal disease.
Mycoplasma and other similar bacterial infections should be carefully tested in critical
COVID-19 patients. If such tests are positive, these patients should be treated accordingly [62]
[64] [73]. In order to determine the possible role of Mycoplasma species in the progression of
COVID-19 disease to a fatal disease course, patients who are positive for such infections should
be compared to patients that do not have these infections at various stages of the disease process
to see if the SARS-CoV-2 virus can activate latent Mycoplasma species or enhance sub-clinical
mycoplasma infections and promote COVID-19 disease morbidity and progression to a fatal
outcome.
Note Added in Proof
Since we prepared this manuscript, there have been recent contributions, mostly brief preprint
reports or letters that support our hypothesis. Charkraborty and Das [98] discussed the
possibility that anaerobic bacteria, including Mycoplasma species, could be causing secondary
infections in COVID-19 disease. They have proposed that such infections may be altering
hemoglobin degradation and producing metabolites that affect hypoxia in progressing COVID19 patients [98]. Stricker and Fesler [99] suggested that patients who have COVID-19 disease
should not progress to a fatal outcome, if their therapy includes combinations of antibiotics
(including minocycline or doxycycline) used for tick-borne infections [99]. As we discussed
previously, Lyme disease patients often have mycoplasma co-infections that are sensitive to
minocycline and doxycycline [62] [75].
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