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Abstract

Lophomoniasis is a respiratory tract infection produced by a protozoon
that is associated with the gastrointestinal tract of cockroaches and
thermites. Few cases have been reported in the world, in such a way that
we lack much knowledge about the disease. Hereby we present a case of
a chronic Lophomonas spp infection that associates with a strong
respiratory, renal and hepatic dysfunction that are manifested by
multiple alterations in data from hematic biometrics. Importantly, the
infection induces a strong and chronic immune hypo-responsiveness
that persists after parasite’s clearance and associates with the
acquisition of respiratory nosocomial infections.
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1. Introduction

Lophomonas spp is a pluriflagellated protozoon that has been described as a
commensal of the gastrointestinal tract (GI) of thermites and cockroaches, where
it aids its hosts to digest lignocellulosic materials (1). It is known that this
protozoon is able to encyst itself in order to withstand the atmospheric
conditions when it leaves the host's GI, but it is only speculated that such cysts
may be able to infect the human respiratory tract (RT) upon direct inhalation (2),
or even by the ingestion of foods that have been contaminated with thermite or
cockroach feces. It is hypothesized that the temperature and humidity of the RT
provides adequate conditions for trophozoite excystation (3), which is thought to
be the beginning of a regpiratory pathology known as lophomoniasis.

Trophozoite reproduction occurs mainly by binary fission within the host’s RT,
and upon excystation the preferred site for the infection is the respiratory tract,
but paranasal sinus (4) and urinary tract infections (5) have also been reported.

The signs and symptoms of the disease are strongly unspecific (including cough,
sputum, dyspnea, fever and chest pain) (6), so that lophomoniasis is sometimes
confused with virus or bacteria-induced pneumonias, bronchial asthma,
bronchiectasis or pulmonary abscesses (2). Its correct diagnosis depends upon
the microscopic observation of samples of sputum, bronchial brushings or
secretions, tracheal aspirates, or bronchoalveolar lavages. In such tests the
protozoon appears as unipolarlly pluriflagellated round, ovoid or piriform cells of
20-60pm in length and 12-20pum in width, that have a highly granular cytoplasm
and an inconspicuous nucleus (2, 7). In order to avoid the aforementioned
diagnostic problems, Fakhar, M et a/(2019) proposed a polymerase chain reaction
(PCR)-based diagnostic technique (8) that is yet to be widely tested. On the other
hand, Lophomonas’ cysts are spherical or oblong and surrounded by a
homogeneous membrane, and may have a torpid metabolism to withstand the
lack of nutriments in the environment. As its life cycle has never been directly
observed and documented it is not known if lophomoniasis is communicable
among people, or if it is exclusively transmitted by zoonosis.

In this way, it is thought that China has the largest number of reported cases
because of their traditional consumption of fried cockroaches, which may
facilitate the ingestion of the protozoon’s cysts by human patients. However,
there are no reports that give information about this hypothesis, and about the
possibility for the cysts to withstand the high temperatures associated with the
frying process.

Lophomoniasis is considered as an emerging disease, as only 61 cases have been
confirmed around the world, and the majority of such reports are =10 years old
(3). Studies about the incidence and prevalence of the disease have never been
done in human patients, but Martinez-Girdn, R. et a/(2017) reported that the
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prevalence of L. blattarum in the hindgut of the cockroach Blattella germanica
was 13.6%, at least in one location in Spain (9). Apparently, the infection occurs
mainly in men (70.9 % of the cases), with China being the most affected country,
followed by Spain and Peru (2). Nonetheless, in the last 5 years an increasing
number of cases have been reported throughout the world, to include India (10,
11) and Mexico (12).

Lophomoniasis’ pathogenic mechanisms have not been studied, but other lung-
infecting protozoon parasites have been shown to possess varied damage-
enhancing mechanisms, such as cytoadherence, breakdown of epithelial barriers
and apoptosis induction (3). Lophomoniasis usually occurs in patients that have a
concomitant RT-disease (10, 13-15), are immunocompromised because of an
underlying disease (16) or receive immunosuppressant drugs as a tolerogenic
therapy to organ transplantation (6, 17). Nonetheless, although sparse, there are
also reports of otherwise healthy individuals with such disease (7). In this way,
some authors think that Zophomonas spp may have an opportunistic behavior,
rather than a full parasitic ability (6), or even that the protozoon is in fact a
commensal that can become pathogenic under some unrelated pathological
circum-stances (3).

In the present article, we report a case of lophomoniasis, studying the impact that
the disease had on respiratory, renal, hepatic and immunologic functions, with
aims to provide a deeper understanding on such an emerging disease.

2. Materials and methods

2.1 Pulmonary infiltration measurement. Anteroposterior radiographies were
taken daily to monitor the growth of lung-infiltrations, and the extent of such
infiltrates was analyzed through the use of the free-hand draw tool of AxioVision
SEGL software by two different people for each plaque. Measurements were
expressed as square pixels.

2.2 Data analysis and statistical analysis. Data from hematic biometry, gasometry
and x-rays were plotted and analyzed with GraphPad Prism 5 Software in all
cases. The extent of the lung infiltration was presented as mean + standard error
mean. The significance of the differences between the experimental groups was
measured using a two-tailed Student’s t-test, considering statistical significance
in P values <0.05.

3. Case presentation

A 45 years old male patient presented to the hosgpital after 9 days of fever,
cephalea, dyspnea, irritability, thoracic pain, shivers, odynophagia, myalgia,
arthralgia, polypnea, purulent respiratory secretions and attack to his general
state, reporting the start of a persistent and painful cough with sputum one
month before the appearance of the aforementioned signs and symptoms. His
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Figure 1. Pulmonary infection with Lophomonas spp. Lophomonas spp. trophozoites were
observed in bronchial exudates stained with Nielsen stain (400X magnification) (a), while linear
and nodular infiltrates were observed in both lungs along the whole period of the infection (12

days) with the protozoon, and even to day 20 after hospital admission (b). The size of the
infiltrates was digitally measured at the days mentioned (c). Infiltrates were measured twice by

different people. The statistical significance between groups was determined by two-tailed
Student’s t-test. * P< 0.05.
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Figure 2. Lophomoniasis induces a compromised respiratory function. Oxygen pressure (a) and
saturation (b) were measured along with CO2 pressure (c) and serum bicarbonate to determine
the extent of respiratory function loss (d), showing alternated episodes of respiratory acidosis
(in red squares) with metabolic alkalogis (in blue squares) (). Solid lines mark the highest healthy
level for each parameter, while the dotted lines mark the lowest.

comorbidities included non-controlled type 2 diabetes, morbid obesity, and
tobacco congumption. He never received anti-influenza vaccination. As such he
was admitted to the hospital in barbituric-induced comma (induced in other
health care center) and under treatment with oseltamivir for type-A influenza
sugpicion. However, an immunochromatographic assay revealed that he was free
of such infection. On the other hand, the microscopic examination of a
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high levels are assoc mted w1th a dec l’&cl‘-‘&d renal function (a), while alkaline phosphatase (ALP)
(b), lactate dehydrogenase (LDH) (o), and gamma-glutamic transpeptidase (GGT) (d) were used as
markers for hepatic function. On the other hand ver’y low-density lipoproteing (VLDL), low-
density lipoproteins (LDL), high-density lipoproteing (HDL) (e) and triglycerides (f) were used to
asses cardiac risk. Solid lines mark the highest healthy level for each parameter, while the
dotted lines mark the lowest. Sclid black and solid blue lines mark S5U and BUN highest healthy
levels, respectively.
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Figure 4. Lophomoni 1. =g with chronic immune hypo-responsiveness. Total
lymphocytes (a), as well as segm erlted (b) and band (c) neutrophils were quantified as markers of
immune responsiveness. Solid lines mark the hlgh&tft healthy level for each parameter, while
the dotted lines mark the lowest.

bronchial exudate revealed the presence of abundant Lophomonas spp.
trophozoites (Fig. 1a), which was confirmed by the observation of linear and
nodular infiltrations in x-rays of both lungs (Fig. 1b). 500mg of metronidazole was
administered thrice daily until no more trophozoites could be detected in such
exudates (12 days later), as this medication had been described as useful in a
number of case reports
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with satisfactory outcomes (3). Despite the gradual elimination of the parasite, a
decrease in the pulmonary infiltration was not observed (Fig. 1b, ¢).

Along the duration of lophomoniagis the patient presented highly unstable levels
of oxygen pressure (Fig. 2a) and saturation (Fig. 2b), while his carbon dioxide (CO;)
pressure levels were mostly enhanced, leading to alternating episodes of
respiratory acidosis, and metabolic alkalosis (Fig. 2d, e). Nonetheless, the
respiratory dysfunction persisted after the clearance of the infection (Fig. 1 and
2), along with renal (Fig. 3a) and hepatic dysfunctions (Fig. 3b, ¢, d).

Importantly, high levels of very low density lipoproteins (VLDL), low density
lipoproteins (LDL), triglycerides, and low high-density lipoproteins levels (HDL)
were also detected (Fig. 3e, f) throughout the entire period of the patient’s
hospitalization. These last traits may have been related to the outcome of the
patient dying due to cardiac failure at day 22 post-admission.

Interestingly, lophomoniasis was associated with a strong process of
lymphopenia (Fig. 4a) that persisted even when a nosocomial coinfection with
type-A influenza and Acinetobacter baumanii occurred at day 18 post-
hosgpitalization. Moreover, a delayed band-neutrophil response was detected
along with a mild segmented-neutrophil response (Fig. 4 b, ¢) to such coinfection,
while the whole neutrophil response to lophomoniasis alone was also mild.
Although a rise in eosinophils has been described during lung infection with
Lophomonas spp for 35% of the patients (2), no enhanced levels were detected for
these cells in this particular case (Fig. 4d). Importantly, although no other
pathologic parameters were distinctly altered during such coinfection, the extent
of lung-infiltration rose significantly (Fig. 1b, ¢).

4. Discussion

In the case reported herein we described the induction of a strong respiratory,
renal and hepatic compromise that associates with a chronic Lophomonas spp
infection. The respiratory dysfunction consisted on low O2 pressure and blood
saturation as well ag a high CO; pressure, both being congistent with an
important pulmonary infiltration, and derived on alternating episodes of
respiratory acidosis and metabolic alkalosis. On the other hand, BUN and SU
levels were also markedly high throughout the entire period of the pathology,
pinpointing for a possible role for this infection in the induction of renal damage.
Hepatic compromise was made evident as high ALP, LDH and GGT levels, and such
dysfunction may have been related to the outcome of the case, as the patient died
of cardiac failure in association with high VLDL, LDL and triglyceride levels as well
as low HDL levels.

As such, we think that the management of this disease should include a constant
monitoring of physiological parameters by blood and urine tests, as well as
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constant gasometry tests, in order to avoid further complications. As for
diagnosis, the PCR test developed by Fakhar et a/ (8) seems to be a good option,
but many laboratories may not find suitable to have in stock a test for a rare
disease. As a consequence, the diagnosis should be based on the microscopically
observation of the protozoon and supported by both radiographies showing
nodular and linear infiltrations and a diagnosis for a non-bacterial, nor viral
pneumonia.

On the other hand, eukaryotic parasites have been described (18, 19) to produce a
profound effect on their host’'s immune response that is mainly oriented to avoid
their detection or to deter the effector mechanisms that would otherwise cause
their elimination. In this way, the debate about this protozoon being a parasite or
an opportunistic would be resolved if we got to know more about its ability to
modulate its host’s immunity.

In this line of thought it is important to mention that the only trait that has been
reported as a common signature in this pathology is a moderate rige in circulating
eosinophils, but this trait has only been reported to occur in 35% of the infected
patients (2). We think that a more profound analysis of the hematic biometry
parameters may be able to give important data about the immune profile that is
elicited by such infection. An example of this is that we did not detect a significant
and stable rige in eosinophils in this case.

Moreover, as parasite infectiong often skew host’s immune responses towards a
Th2 phenotype and induce regulatory mechanisms that limit protective Thl/Thl7/
responses, it is common to find that such parasites have the ability to increase
host’s susceptibility to bacterial, viral and/or fungal infections (20). We think that
this may be in line with the fact that this patient presented two different
nosocomially acquired lung infections: one of bacterial and one of viral nature.
Both coinfections may have been facilitated through the induction of the chronic
lymphocyte and neutrophil hypo-responses that we detected during the period
when the patient still had lophomoniasis, and afterwards.

As happens with many emerging diseases, the number of studies about
lophomoniasis is not high, so that we lack much understanding about its
pathophysiology. Moreover, most of such studies are case reports, where the
fluctuation of pathological markers is not described. In this way, we think that a
deeper inquiry into each case’s characteristics is needed to provide more
knowledge about the pathological mechanisms of such an emerging disease.

Nonetheless, considering that lophomoniasis usually occurs in patients with
concomitant diseases and/or immunosuppressant conditions and medications, it
is hard to establish a cause-consequence relationship using data from case
reports. Moreover, as Lophomonas spp infection is rare, and most case reports
comprise single cases, most observations cannot be statistically processed. Thus,
the parasite must be cultured and an in vivo animal model must be developed in
order to provide better knowledge about the
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disease’s pathophysiological mechanisms.

Taking into account that no epidemiological studies have been done about this
disease, and the hypothesis that states that this protozoon may become
pathogenic under certain unknown circumstances, it is important not to
underestimate the posgibility that this disease may have in fact a higher
prevalence than what is usually thought. In this line of thought, an
epidemiological study may also be needed.

5. Conclusions

Lophomonas spp is a protozoon that may infect the human RT trough cyst
inhalation, to produce a respiratory disease that is characterized by a defective
gas interchange in the lungs, which relates with a high pulmonary infiltration.
Although renal and hepatic dysfunctions were also present in this case, no
certainty about its causality can be obtained from this single case. Nonetheless,
a strong immune compromise was detected in relation with lophomoniasis,
manifested by a chronic immune hypo-responsiveness and a higher
susceptibility to develop pulmonary coinfections.
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