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Abstract

Mycoplasmas, the simplest and smallest living prokaryotes are the most common contaminants that pose a serious impediment 
in the long-term maintenance of Plasmodium falciparum (Pf) cultures. The comparative efficacy of two antibiotics - Mycoplasma 
Removal Agent (MRA) and ciprofloxacin at different concentrations for eliminating Mycoplasma contamination in Pf cultures was de-
termined. Mycoplasma contaminated and uncontaminated Pf cultures were maintained for 12 days and Giemsa-stained thin smears 
were prepared daily to monitor parasite growth. The presence of Mycoplasma was ascertained daily by 16S rRNA PCR kit. We found 
that MRA successfully eliminated Mycoplasma from contaminated culture at both 0.5 (7-day treatment) and 1 µg/mL (5-day treat-
ment) concentrations, without affecting parasite growth but treatment with three different concentrations of ciprofloxacin (5, 10 and 
20 µg/mL) showed an anti-plasmodial activity limiting its usefulness in Pf cultures. 
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Introduction

Mycoplasmas are the smallest and simplest self-replicating prokaryotes belonging to class Mollicutes and are the most worrisome 
contaminants of cell cultures [1-3]. As Mycoplasma lack cell wall, they are typically resistant to all antimicrobials targeting cell wall like 
fosfomycin, glycopeptides, or β-lactam antibiotics, which are routinely used against most bacterial contamination of cell cultures [4-6]. 
Moreover, Mycoplasmas are also intrinsically resistant to the first-generation quinolones, sulfonamides, polymyxin, rifampicin and tri-
methoprim, making its eradication an arduous job [6-8]. Mycoplasma contamination has been found to have a multitude of detrimental 
effects on physiology and metabolism of the infected cell cultures, leading to impaired growth, proteolytic degradation, inhibition of enzy-
matic activity, chromosomal abnormalities, severe cytopathic effects, disrupted cytokine production and altered gene expression, leading 
to significant problems in research and diagnosis [9-11]. 

Presence of various foreign contaminants adversely affects the long-term cultivation of Pf, causing roadblocks in malaria research 
aimed at vaccine/drug development. Turrini., et al. in 1997 reported Mycoplasma contamination in Pf cultures, which posed a serious hin-
drance to long-term Pf cultivation [10,12-15]. Because of their extremely small size (0.3 - 0.8 µm in diameter) [2] Mycoplasmas cannot be 
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identified easily in smears of malaria cultures using routine Giemsa or Acridine orange stains. The lack of cell wall provides Mycoplasma 
with elasticity and thus can easily pass through 0.1 µm filters commonly used to filter culture reagents [10,16]. Although it is well estab-
lished that Mycoplasmas do not grow on human erythrocytes, but they are known to attach to glycolipids and receptors consisting of sialic 
acids [13]. Unlike other common biological contaminants like fungi and bacteria, Mycoplasma growth does not usually result in turbidness 
of culture [17] and low levels of contamination can go undetected for very long periods in Pf cultures [13]. 

Macrolides, tetracyclines and fluoroquinolones are the most effective three major classes of antibiotics commonly used to eliminate 
Mycoplasma contamination in cell cultures [5,6,18], but to date very few studies have been conducted to determine the utility of these 
drugs for eradicating Mycoplasma contamination in Pf cultures as most antibiotics possess anti-plasmodial activity [19-21]. To date only 
one drug Mycoplasma Removal Agent (MRA), a 4-oxo-quinoline-3-carboxylic acid derivative has been found to successfully eliminate 
Mycoplasma from contaminated Pf cultures at 0.5 µg/mL concentration, without showing anti-plasmodial activity [13]. Ciprofloxacin, a 
fluoroquinolone antibiotic is one of the most effective and often used antibiotic for Mycoplasma decontamination in different cell lines 
[22-25], but its potential in Mycoplasma contaminated Pf cultures has never been fully explored. In light of these information, the present 
study was carried out to determine the comparative efficacy of two drugs: MRA and ciprofloxacin, at three different concentrations each, 
for eliminating Mycoplasma contamination from Pf cultures, as it is of outmost importance for researchers. 

Materials and Methods

Samples 

In the present study, Pf field isolate ‘Mew-40’ collected in the year 2018 from Mewat region (Haryana, India) was used along with Pf ref-
erence strain 3D7 culture as a control for comparing growth profile. One vial of sample in continuous culture was found to be Mycoplasma 
contaminated (source unknown) while another vial of the same sample was free of contamination.

Drug concentrations

Three different concentrations of MRA (MP Biomedicals, Cat. No. 093050044) viz. 0.25, 0.5, 1 µg/mL, supplemented in RPMI culture 
media were used to culture Mycoplasma contaminated samples (Mew-40) along with three controls without MRA viz. C1 (Mycoplasma 
contaminated culture), C2 (contamination free culture) and C3 (3D7 culture with no contamination). Similarly, three different concentra-
tions of ciprofloxacin (Sigma-Aldrich, ID-17850) viz. 5, 10, 20 µg/mL supplemented in RPMI culture media were used along with three 
different controls without ciprofloxacin viz. C4 - C6, were C4 and C5 were Mycoplasma contaminated and contamination-free cultures 
respectively, whereas C6 was 3D7 culture with no contamination. Experiments were performed in duplicates independently.

Parasite culture 

Mycoplasma contaminated and uncontaminated Pf cultures were maintained in RPMI 1640 culture media supplemented with 5% hu-
man serum, gentamicin (0.01 mg/ml), 25 mM HEPES buffer, 25 mM NaHCO3 and maintained in 5% CO2 with incubation at 37°C [26]. As 
Mycoplasma grows at a slow rate where recurrence is a major challenge thus; to ascertain its removal, cultures were maintained for 12 
days (day 0 - day 11). The spent media was replaced every 24 hrs with fresh media containing antibiotics (MRA/ciprofloxacin) of respec-
tive concentrations as well as media without antibiotics for control groups. About 250 µl of culture suspension was collected daily from 
each sample (except 3D7 cultures) at the same time during media replacement. Fresh human RBCs were added to cultures on days 2, 
5 and 8 (Figure 1). To monitor the level of parasitemia, thin smear slides were prepared daily and Giemsa stained for microscopy. DNA 
extraction from the culture suspension was carried out daily for PCR detection of Mycoplasma. Once a culture tested negative for Myco-
plasma contamination, antibiotic treatment was withdrawn and maintained further.
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Figure 1: Systematic representation of experiment timeline showing days in which antibiotic treated cultures tested negative for the pres-
ence of Mycoplasma.        Days on which fresh human RBCs are added to the cultures. 

Microscopy

The thin smear slides were air dried, fixed in methanol for 10 seconds and stained using Giemsa stain. The slides were observed un-
der the light microscope (100X, immersion oil), 20 fields were scanned as described by WHOs malaria microscopy standard operating 
procedure (MM-SOP-09) and percent parasitemia was calculated and plotted [27]. To have an elementary understanding of the effect of 
Mycoplasma contamination on parasites morphology, slides were prepared daily for light microscopic examination from contaminated 
and uncontaminated cultures.

Isolation of nucleic acid and Mycoplasma detection

DNA from collected culture suspensions was isolated using QIAamp DNA Mini Kit (Qiagen) and used for Mycoplasma detection by 
EZdetect PCR Kit (Himedia) based on amplification of 16S rRNA which is highly conserved among various Mycoplasma spp [28]. The 
detection spectrum of kit includes seven major spp. M. fermentans, M. arginini, M. hominis, M. orale, M. bovis, M. hyorhinis and A. laidlawii, 
out of which five spp. excluding M. hominis and M. bovis are known to account for more than 95% of Mycoplasma contaminations in cell 
cultures [29]. 

Results and Discussion

Morphological examination

Upon microscopic examination of Giemsa-stained thin smears of Mycoplasma contaminated cultures (C1) under oil immersion (100X), 
we observed underdeveloped parasite stages; disintegrated nucleus and cytoplasm; abnormal shaped parasites, suggesting unhealthy/
stressed state of parasites (Figure 2). These effects might be due to utilization of key components from culture medium by Mycoplasma 
making it unavailable for malaria parasites along with production of various metabolic by-products of Mycoplasma origin that may be 
toxic to malaria parasites. In agreement to observation made by Agarwal., et al. 2013 [14] we also noticed that color of Mycoplasma con-
taminated Pf culture was darker (dark brown/black) in colour as compared to uncontaminated cultures (Figure 2). 
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Figure 2: Morphological examination of Mycoplasma contaminated (B) and contamination free cultures (A). (A): Healthy parasites in My-
coplasma free culture (C2) showing different erythrocytic stages. (B): Disintegrated parasites in Mycoplasma contaminated culture (C1).

Parasitemia and Mycoplasma detection

The growth profile of Mycoplasma contaminated and uncontaminated Pf cultures observed during MRA and ciprofloxacin treatment 
along with controls till day 11 is depicted in figure 3 and 4, respectively. The drop in percent parasitemia readings at day 3, 6 and 9 was 
due to dilution of running culture with fresh human erythrocytes at day 2, 5 and 8.

Figure 3: Growth profile of Mycoplasma contaminated Pf cultures during treatment with different concentrations of MRA along with 
controls (C1, C2 and C3). C1: Mycoplasma contaminated ‘Mew-40’ culture, C2: ‘Mew-40’ culture without Mycoplasma contamination, 

and C3: 3D7 culture without Mycoplasma contamination.
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Figure 4: Growth profile of Mycoplasma contaminated Pf cultures during treatment with different concentrations of ciprofloxacin along 
with controls (C4, C5 and C6). C4: Mycoplasma contaminated ‘Mew-40’ culture, C5: ‘Mew-40’ culture with no Mycoplasma contamina-

tion, and C6: 3D7 culture with no Mycoplasma contamination.

It is clearly evident from figure 3, that culture treated with 0.5 and 1 µg/mL of MRA showed normal growth with continuous rise in 
percent parasitemia, similar to C2 and C3. In contrast, C1 culture showed gradual increase in percent parasitemia till day 3 but showed 
a downhill growth until day 11 and this decrease in parasitemia may be due to increase in Mycoplasma population as culture continued. 
In the cultures treated with 0.25 µg/mL of MRA, initial rise in parasitemia till day 5 was seen after which parasitemia started to decline 
moderately. Parasitemia at day 0 was same i.e. 1.5% for cultures with three different concentrations of MRA along with C1 but in C2 
parasitemia was slightly lower i.e. 1.2% and for C3 starting parasitemia was 2%. The PCR detection of Mycoplasma showed that culture 
treated with 0.5 and 1 µg/mL of MRA tested negative for Mycoplasma on day 7 and 5 respectively, whereas the culture treated with 0.25 
µg/mL of MRA along with C1 were positive for Mycoplasma presence till day 11. Results from day 4 to 7 during MRA treatment is shown 
in supplementary figure 1. 

The absence of Mycoplasma contamination starting on day 5 and 7 for culture treated with 1 and 0.5 µg/mL of MRA respectively (W8 
and W17 respectively, supplementary figure 1) till day 11 of culture shows successful elimination of Mycoplasma contamination by MRA 
without harming malaria parasites with no re-emergence of Mycoplasma. In agreement with results obtained by Rowe., et al. 1998 and 
Singh., et al. 2008, 7-day MRA treatment at 0.5 µg/mL concentration was effective in eradicating Mycoplasma contamination without af-
fecting the growth of malaria parasites. Similarly, 1 µg/mL concentration not investigated in previous reports was found to be more effec-
tive in eliminating Mycoplasma contamination, as only 5-day treatment resulted in Mycoplasma free Pf culture without any re-emergence. 
In contrast, culture treated with 0.25 µg/mL of MRA showed no improvement in percent parasitemia after day 5, following which gradual 
decrease in parasite population was observed, showing inability of MRA to cleanse Mycoplasma contamination at this concentration. 
Decrease in percent parasitemia for both C1 and culture treated with 0.25 µg/mL of MRA may be attributed to increase in Mycoplasma 
population in culture leading to utilization of key medium components by Mycoplasma itself and making it unavailable for malaria para-
sites. As Mycoplasma contamination and its production of various metabolites have been shown to exert various detrimental effects in 
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Supplementary Figure 1: PCR detection of Mycoplasma in MRA treated cultures from day 4 to 7. Absence of DNA bands on well no. 8 
(W8) and 17 (W17) indicates the successful clearance of contamination on day 5 and 7 for culture treated with 1 and 0.5 µg/mL concen-

trations of MRA respectively.

infected cell cultures, which ranges from proteolytic degradation/inhibition of enzymatic activity to altered gene expressions [9-11,30]. 
Decrease in percent parasitemia for culture treated with 0.25 µg/mL and C1 may be due to myriads of detrimental effects Mycoplasma 
contamination had on physiology and metabolism of malaria parasites [3,10,17,31].

Growth profile of ciprofloxacin treated parasite cultures along with controls (Figure 4) revealed, that no parasites were seen after 
day 5 in cultures treated with both 10 and 20 µg/mL concentrations of the drug. Similarly, after day 8 no parasites survived in culture 
treated with 5 µg/mL concentration of the drug. This finding suggests that fluoroquinolone antibiotic ciprofloxacin does exhibit an anti-
plasmodial activity which makes it less useful for eliminating/controlling Mycoplasma contamination in Pf cultures at above mentioned 
concentrations. As expected, untreated C4 showed some rise in percent parasitemia until day 5, after which there was a gradual decline in 
parasitemia which may be due to increase in the population of Mycoplasma in culture. The other controls viz. C5 and C6 showed normal 
parasite growth reaching up to 6.9 and 7.2 percent of parasitemia respectively on day 11. The initial starting parasitemia (day 0) was same 
i.e. 0.7% for cultures treated with 3 different ciprofloxacin concentration and C4. For C5 and C6 it was 1 and 1.7% respectively. The PCR 
detection of Mycoplasma for culture treated with 20 µg/mL of drug showed negative result on day 6 (W8) indicating successful elimina-
tion of Mycoplasma from culture but no parasites were seen on the same day (Supplementary figure 2). 

These findings suggest that although ciprofloxacin can successfully eliminate Mycoplasma from Pf culture at 20 µg/mL concentration 
after 6-day treatment, but its usefulness is limited by the fact that it possesses anti-plasmodial activity. Although ciprofloxacin is one of 
the most effective and widely used antibiotic for Mycoplasma eradication in various cell lines [22-25,32-34], it has been shown to pos-
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Supplementary Figure 2: PCR detection of Mycoplasma in ciprofloxacin treated cultures for days 5 and 6. Absence of DNA bands on 
well no. 8 (W8) indicates the successful clearance of contamination on day 6 by 20 µg/mL concentration of MRA respectively.

sess some level of reversible cytotoxic effect as reported previously [23,35]. In our study no reversal in cytotoxic effect was observed as 
parasite did not gain back its normal growth upon withdrawal of the drug. Since the removal of Mycoplasma contamination is not the only 
objective while treating Mycoplasma contaminated Pf cultures, it is also important that the drug used for Mycoplasma removal should not 
have an adverse effect on Pf survival. Hence, ciprofloxacin is not recommended because of its cytotoxic effect towards malaria parasites. 

Mycoplasma contamination of Pf cultures, aptly referred to by Turrini and colleagues as “case of parasite parasitism”, poses a major 
setback in our way to understanding Plasmodium biology, as laboratory cultures help in carrying basic biological research [12]. Myco-
plasma produces a whole range of enzymes and metabolites for its survival which can be erroneously attributed to Pf itself and thus can 
lead to false experimental results [12]. Mycoplasma due to its limited biosynthetic capability also makes use of various hosts enzymes 
and metabolites, simultaneously, it depletes the essential nutrients from media affecting the metabolism and functioning of infected host 
cells [9-11,30]. Moreover, similarity in AT content (61 - 76%) between two parasites may pose a further challenge for molecular studies 
[36]. Although Mycoplasma does not proliferate in liquid nitrogen, they are able to persist and contaminate cell cultures stored in liquid 
nitrogen and thus may pose immense problem in using archived samples derived from parasite banks [12,37]. It has been estimated that 
the rate of Mycoplasmas contamination in banked cell lines range between 15 - 35% [9]. Trypsinization seems to be another interesting 
stage-unspecific alternative for the problem, as they have been found to effectively eliminate Mycoplasma contamination in mixed culture 
(culture containing ring, trophozoite and schizont stages) [14,38]. However, it adds up an additional step to the Pf culture process, when 
compared to MRA treatment. Damaged induced by centrifugation during trypsinization process to RBC and parasite would result in re-
duced parasitemia leading to cell death [39,40]. Study by Malave-Ramos., et al. 2022 recently showed a relatively low-cost fluoroquinolone 
antibiotic sparfloxacin to be effective in clearing MRA sensitive and resistance Mycoplasmas from Pf culture, however authors have not 
explored the recurrence of Mycoplasma beyond 8 days in sparfloxacin treated cultures, while recurrence of Mycoplasma in a treated cul-
ture is a major issue while dealing with a Mycoplasma [14,41]. It has been noted that the incidence of Mycoplasma contamination is more 
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frequent in the continuous cultures as compared to cultures that are in early passage [9], so Mycoplasma contamination of Pf culture is a 
major hurdle in continuous Pf culture. Our results suggest MRA can effectively eradicate Mycoplasma contamination from contaminated 
Pf culture and does not possess any cytotoxicity towards the survival of malaria parasites.

Conclusion

Our current findings suggest that MRA can be effectively used to eliminate Mycoplasma contamination in Pf culture in two different 
combinations i.e. 0.5 µg/mL (7-day treatment) and 1 µg/mL (5-day treatment) concentrations. However, close and periodic monitoring of 
Mycoplasma contamination is necessary to check Mycoplasmas reappearance which may pose obstacle in long-term cultivation of Pf. On 
the other hand, ciprofloxacin is not recommended for eradicating Mycoplasma contamination in Pf cultures because of its anti-plasmodial 
activity.
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