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a  b  s  t  r a  c t

Introduction:  Simkania  negevensis has been  linked  to some  respiratory and  non-respiratory  diseases.
However,  there is still  a  serious lack  of clinical investigations that  attempt to determine possible  body
sites  that  could be  inhabited  by  this  microorganism  and evaluate  its  true pathogenic  capacity.  The  goal
of this study  was to  examine  the potential presence of Simkania  and  its prevalence in the  genital tract  of
human  adult  females.
Methods: Lower vaginal  swabs  from 169 Jordanian  adult  females who attended  Obstetrics  and  Gynecology
clinic  were  collected  and tested  for Simkania  DNA by  PCR  method.
Results:  The  presence of bacterial nucleic  acids was  confirmed in the  genital  system of adult females
with  an overall  prevalence of 24.26%  (41/169).  Interestingly,  the  positivity  of Simkania DNA  was signifi-
cantly higher  in women of reproductive age than  females  of non-reproductive age  (28.03%  versus  10.81%;
p ≤ 0.05).  Moreover,  the  presence of S. negevensis  was evident  in approximately  43%  of females  suffering
from  vaginal  itching and/or  abnormal  discharge,  exhibiting  about two-fold  increase in the  positivity  rate
compared to  detection rates assessed for  women  who attended the  clinic for  routine  checkup  or  men-
struation problems.  However,  the  current  work failed  to find  any link  between the bacterial  agent  and
spontaneous  abortion  (miscarriage).
Conclusions:  This  study  showed  for  the  first time  the  presence  of S. negevensis  in the  genitalia  of human
females.  These novel  data  could  provide a basis  to clarify  the  exact  role of S. negevensis in the  female
genitalia and its potential involvement  in genital  system disorders.
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r e  s u  m  e  n

Introducción:  Simkania negevensis  se ha asociado  a algunas  enfermedades respiratorias  y  no respiratorias.
Sin embargo,  todavía existe  una  importante  carencia  de  investigaciones clínicas  para intentar determinar
posibles lugares  del cuerpo  que puedan ser  colonizados por  este  microorganismo,  y  evaluar  su  auténtica
capacidad  patogénica. El objetivo de  este  estudio era  examinar  la  potencial presencia  de  Simkania y  su
prevalencia en  el tracto  genital  de mujeres adultas.
Métodos: Se recogieron  hisopos  vaginales de  169  mujeres  adultas  de  Jordania  que acudieron  a una clínica
de  obstetricia  y ginecología  y  se analizaron  para detectar ADN de Simkania mediante  PCR.
Resultados:  Se  confirmó  la presencia de  ácidos nucleicos  bacterianos en  el  aparato  genital  femenino
adulto,  con  una prevalencia global  del  24,26% (41/169). Una  observación interesante  fue que  la  positividad
a  ADN  de  Simkania  fue  significativamente  superior  en  mujeres  en  edad  reproductiva  en comparación

Abbreviations: CAP, community-acquired pneumonia; PCR, polymerase chain reaction; Cpn 60, chaperonin-60; IUD, intrauterine device; CI, confidence interval; WHO,
World  Health Organization; NGS, next generation sequencing; IVF, in  vitro fertilization; IUI,  intrauterine insemination.
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con  las  mujeres  en edad  no reproductiva  (28,03 frente  al  10,81%; p ≤ 0,05).  Además, la presencia  de  S.

negevensis era  evidente en  aproximadamente  el 43%  de las  mujeres que  sufrían  picor  vaginal  y/o flujo
vaginal  anormal, mostrando  un incremento  cercano  al doble  en  la tasa de  positividad en  comparación
con  las tasas de  detección evaluadas  para mujeres que acudían a la  clínica  para revisiones  de  rutina o por
problemas  menstruales. Sin  embargo,  la  investigación no logró  encontrar una  asociación  entre el agente
bacteriano  y  el  aborto  espontáneo  (aborto natural).
Conclusiones:  Este estudio  mostró  por primera vez  la presencia  de  S. negevensis  en  los  genitales  femeninos
humanos. Estos  nuevos datos pueden  sentar una base  para clarificar con precisión  el  papel de  S.  negevensis

en  los genitales  femeninos  humanos  y  su  potencial  implicación  en  trastornos  del aparato genital.
© 2021  Sociedad Española  de  Enfermedades  Infecciosas  y  Microbiologı́a  Clı́nica.  Publicado  por  Elsevier

España,  S.L.U. Todos los  derechos reservados.

Introduction

Simkania negevensis,  originally characterized as a  Chlamydia-
like microorganism, belongs now to family Simkaniaceae within
the Chlamydiales order.1 Similar to  other Chlamydiales members,
S. negevensis is an obligate intracellular Gram-negative bacterium
and possesses a developmental cycle with two distinct phases: the
large, non-infectious, intracellular, replicative reticulate body and
the small intracellular, infectious elementary body.1

Seroepidemiological studies from different countries on appar-
ently healthy individuals detected seropositivity rates ranging from
4.3% to 80%.2,3 Besides, this agent is considered as a  potential
emerging pathogen in  the respiratory system, causing community-
acquired pneumonia (CAP) and bronchiolitis, as confirmed by
different techniques.1,3,4 However, other reports revealed no link
between Simkania and chronic obstructive pulmonary disease,
chronic cough, asthma or even CAP and bronchiolitis.5–9 Interest-
ingly, because of the remarkable high and comparable prevalences
of Simkania in cases suffering from CAP or  bronchitis and in healthy
controls (57.1% versus 62.5%), it was tempting to  hypothesize that
S. negevensis is not a  causative agent of respiratory diseases and
may  exist as a commensal agent in the respiratory system.5 On
the other hand, sporadic studies suggested a  role of Simkania in
nonrespiratory system conditions. For instance, DNA of Simkania

has been amplified from an aortic aneurysm and intestinal biopsies
from patients of Crohn’s disease.10,11

In general, microorganisms belonging to  the order Chlamy-

diales are medically important. For instance, the very well-
known Chlamydia trachomatis and Chlamydia pneumoniae are
mainly implicated in human genital and respiratory diseases,
respectively.12,13 Moreover, recently discovered Chlamydia-like
bacteria, including S. negevensis, Waddlia chondrophila and Parach-

lamydia acanthamoebae are associated with clinical conditions.
W.  chondrophila has been documented as an agent of adverse
pregnancy outcomes, whereas, P. acanthamoebae is an emerging
respiratory pathogen and may  also be linked to adverse pregnancy
outcomes in ruminants and humans.4,12,13

In addition to the biological characteristics of Simkania shared
with other Chlamydiales members, tropism to  inhabit certain body
organs and disease potential of Simkania could be  also similar to
these related microbes. Thus, it is  attractive to  hypothesize that
Simkania could be implicated in human urogenital infections, in
addition to its being a  respiratory microbe. Thus, this study aims at
investigating the existence of Simkania in  genital system of human
adult females.

Materials and methods

Study subjects and study design

This study was carried out during the period from July 2018
to August 2019. Here, 169 Jordanian women, who  attended for

different reasons the Obstetrics and Gynecology clinic of the Uni-
versity of Jordan Hospital, Amman, Jordan, participated in this
study and provided genital samples. Females aged between 20
and 91 years with a  mean age of 39.5 ± 11.5 years. Subjects who
had received antibiotics within the last 3 months prior to  enroll-
ment or were on menstrual cycle were excluded from the study.
Demographic features, available clinical data and laboratory and
diagnostic information were recorded for participating females.
Moreover, an informed signed consent was obtained from each of
them.

Sample collection and transport

Lower vaginal specimens were collected using sterile cotton-
tipped swabs, immediately placed into a sterile tube containing
1 ml sterile transport (2-sucrose-phosphate) medium, which con-
sisted of 17.1 g sucrose, 0.5  g dibasic potassium phosphate, 0.25 g
monobasic potassium phosphate dissolved in 200 ml distilled
water, followed by the addition of 20% fetal bovine serum and
adjustment of pH to 7.2. Tubes containing the swabs were vortexed
for 30 sec to dislodge any material into the liquid medium and the
swabs were then removed and discarded. Next, the medium was
transferred into a  sterile 1.8-ml cryovial and stored at −72 ◦C until
use.

DNA isolation

DNA from 200 �l  of each specimen was  harvested according
to a  protocol specific for isolating nucleic acids from body flu-
ids, provided with the G-spinTM Total DNA Extraction kit (iNtRON
Biotechnology, South Korea). Extracted DNA was  eluted in a final
volume of 50 �l  of a buffer provided with the kit, aliquoted and
stored at −20 ◦C until tested. DNA amounts were estimated spec-
trophotometrically.

PCR assay

To detect the bacterial DNA, a  polymerase chain reaction
(PCR) assay, amplifying a 311 bp fragment of the S. negeven-

sis chaperonin-60 (cpn 60) gene, was  performed according to
a protocol of Donati et al.14 with modification. Forward and
reverse primers were 5′-GATGGAACGATGACTGTTGAA-3′ and 5′-
GCACAAACTTTTAGTCCTGC-3′, respectively. Conditions for the PCR
amplification were: denaturation for 4 min  at 94 ◦C and 35 cycles,
each of which consisted of denaturation step for 1 min  at 94 ◦C,
annealing for 1 min  at 57 ◦C, extension for 1 min  at  72 ◦C and a final
elongation step for 7 min  at 72 ◦C. In PCR runs, negative controls
were included and contained all components of the amplification
mixture and nuclease-free water instead of the purified DNA. Puri-
fied Simkania nucleic acids, generously provided by Thomas Rudel
and Jo-Ana Herweg, Department of Microbiology, University of
Würzburg, Würzburg, Germany, and the bacterial DNA isolated
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previously from Simkania-positive nasopharyngeal samples, served
as positive controls.5 For sequencing purposes, some PCR ampli-
cons were shipped with the required primers to MACROGEN (South
Korea).

Statistical analysis

Statistical analysis of the results was calculated using chi-square
test. A probability value (p) ≤0.05 was considered statistically sig-
nificant.

Ethical statement

This work has been approved by  the Institutional Review
Board (IRB) of the University of Jordan Hospital. The individuals
who participated in this work gave signed and informed consent.
Anonymity and confidentiality were guaranteed at all times, as well
as data protection.

Results

The majority of participating women were married at the time of
enrollment (165/169; 97.63%), whereas 4 women were widowed or
divorced (2.37%). Ninety seven females (57.4%) were middle-aged
women (30-49 years). Sixty one females (36.09%) were apparently
healthy subjects with no symptoms, among which 42 women  vis-
ited the clinic for routine checkup and 19 women were seeking
fertility, while the remainder (63.91%) suffered from various symp-
toms at attendance. About 84% of participants were pregnant for at
least one time. In addition, more than half of the enrolled females
(58%) did not utilize any birth control method (intrauterine device
(IUD), contraceptive pills or condoms by their husbands). More
sociodemographic and clinical profiles of the entire female popula-
tion involved in the study are shown in  Table 1. Here, PCR detected
Simkania DNA in the genitalia of 41 out of 169 females, suggest-
ing an overall prevalence of 24.26% among individuals examined
(Table 2). Sequencing of some PCR amplicons confirmed the ampli-
fication of the desired domain within the bacterial gene cpn 60 (data
not shown). To analyze the age-specific detection rates, subjects
were divided into five age groups: 20–29 years, 30–39 years, 40–49
years, 50–59 years and ≥60 years. Only 7 cases were DNA positive
out of 35 females in the youngest group aged 20–29 years, result-
ing in a prevalence of 20.00% (95% CI: 25.8 ±  0.7). Clearly, the DNA
positivity reached a  peak (33.96%) in the age group of 30–39 years
(95% CI: 34.6 ± 0.896; 18/53) and gradually decreased in the sub-
sequent groups, reaching 27.27% in  the cohort of 40–49 years (95%
CI: 43.62 ± 0.912; 12/44) and 13.33% in  the group of 50–59 years
(95% CI: 53.5 ± 1.103; 4/30). Remarkably, none of the participants
older than 59 years was DNA positive (95% CI: 68 ±  10.311; 0/7).
Further analysis of the results showed the absence of an inverse or
a proportional correlation between bacterial nucleic acid positivity
and specific ages of females (data not shown). Interestingly, DNA of
Simkania was evident in females with ages ≤55 years only, while all
females older than 55 years (12 individuals) were found negative.
Apparently, more than 50% of positive cases are clustered within
the age brackets 29–35 years and 46–50 years. These relatively nar-
row age intervals account for approximately 29.27% (12/41) and
21.95% (9/41) of all PCR-positive cases, respectively. Sociodemo-
graphic and clinical information of the 41 PCR-positive women  are
summarized in Table 1.

To demonstrate the presence of any relation between the female
reproductive age and some of its correlates with the positivity of S.

negevensis in genital system, women were divided into two  groups
based on criteria set by  WHO,15 which defined the reproductive
age of females to be from 15 to  49 years. Accordingly, one group
consisted of 132 reproductive age females (20–49 years old), while

the second group comprised only 37 non-reproductive age females
(with ages  50 years or older). Remarkably, about 2.5-fold significant
increase in the prevalence of Simkania was  obtained among women
of the reproductive age compared to non-reproductive age individ-
uals (28.03% versus 10.81%; p < 0.05). Interestingly, Simkania DNA
was  detected in  30.61% (15/49) of females who  experienced spon-
taneous abortion (miscarriage), compared to about 22.5% (21/93) of
females with no history of miscarriage, suggesting possibly a  corre-
lation between the bacterium and this adverse pregnancy outcome
(p <  0.29).

In an attempt to correlate S. negevensis to clinical manifestations,
detection rates of the bacterium in  the females were analyzed based
on the reasons for attending the Obstetrics and Gynecology clinic.
Reasons were categorized into (1) vaginal inflammation (itching
and/or discharge), (2) menstrual and bleeding complaints, (3) rou-
tine checkup, (4) multiple reasons, (5) seeking pregnancy and (6)
other reasons. As illustrated in Table 2, 23.81% (10/42) of symp-
tomless women, visiting the clinic for a regular checkup (pap smear
screening, IUD checking, antenatal visit and postpartum follow-up),
were positive for S. negevensis.  A slightly less DNA positivity rate,
which remained above 20% (4/19; 21.05%), was reported for women
who were planning to conceive and with no detectable symptoms.
However, among other pregnancy-seeking females with coinciden-
tal complaints (18 cases), only one case was  DNA positive (Table 2).
In females who  attended for reasons related to menstrual cycle
abnormalities, the prevalence rate was  almost the same and did not
exceed 25% (13/57). Surprisingly, the bacterial DNA was evident in
13 out of 30 females with symptoms of vaginal inflammation (itch-
ing and/or abnormal discharge), yielding about 2-fold increase in
the nucleic acid positivity (43.33%), compared to  rates reported
for females who  attended for checkup or menstrual cycle com-
plaints (Table 2). Collectively, these data clearly demonstrate that
S.  negevensis may  be  linked to  vaginal inflammation and its related
signs, such as itching and abnormal secretions.

Discussion

To the best of our knowledge, this is the first investigation that
confirmed the presence of S. negevensis in  the female genitalia.
During conducting the present research, Greub and his colleagues
could not detect this microorganism in  22 urethral samples from
both men  and women and in 135 cervicovaginal swabs using
their newly developed quantitative real-time PCR.16 Contradictory
results using cell culture, PCR and serological methods were also
noticed in studies that investigated the prevalence and the asso-
ciation of Simkania with pulmonary conditions.1,3,5 The obvious
discrepancy between our findings and those of Vouga et al.16 may
reflect variations in the DNA amplification techniques, types of  clin-
ical samples and their processing in  addition to differences in  the
populations examined. Many in-house PCR methods are available
in the literature for the detection of Simkania and other Chlamydi-

ales members in clinical and environmental samples. In spite of that,
the sensitivity and specificity of the majority of these tests remain
unknown. Among these protocols are real-time PCR, nested-PCR,
multiplex PCR and standard PCR.5,9,14,17 Here, we used a  stan-
dard PCR method to  target S. negevensis cpn 60 gene, using outer
primers of a  previously described nested PCR.14 This modified test
was  successfully used to  detect Simkania nucleic acids in nasopha-
ryngeal samples.5 The specificity of this assay was  confirmed by
sequence analyses of some randomly chosen amplicons produced
in the present study, which showed more than 97% homology with
the desired target in  Simkania genome (data not shown). Gener-
ally, standard PCR test has most likely the advantage of a decreased
risk of contamination, compared to  nested PCR that is  highly sen-
sitive to this drawback by PCR product carryover. To corroborate
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Table  1

Demographic and clinical features of the entire study population and those females who  tested positive for S. negevensis.

Characteristics Simkania DNA-positive females (total number of females in the category) (%)

Age (years)

Range 20–55
Mean 37.78 ± 9.79
Median 37.5

Age groups (years)

20–29 7 (35) 20.00
30–39  18  (53) 33.96
40–49 12 (44) 27.27
50–59 4 (30) 13.33
≥60 0 (7) 0.0

Marital  status

Married 41 (165) 24.85
Widowed or divorced 0 (4) 0.0

Birth  control methods

IUDa 11  (44) 25.00
Oral contraception 6 (15) 40.00
Condoms 4 (12) 33.33
None 20 (98) 20.41

Previous pregnancies (births)

Yes  36 (142) 25.35
No  5 (27) 18.52

Type of previous pregnancies

No pregnancies at all 5 (27) 18.52
Full-term delivery and no abortion history 21 (92) 22.83
Spontaneous abortion (miscarriage) 15  (49) 30.61
Ectopic  pregnancy 0 (1) 0.00
Stillbirth 0 (0) 0.00

Number  of previous pregnancies

Zero 5 (27) 18.52
One 4 (20) 20.00
Two  7 (24) 29.17
Three 8 (28) 28.57
Four 6 (19) 31.58
≥five 11  (51) 21.57

Self-reported symptoms at attendance

Vaginal itching and/or discharge 13 (44) 29.54
Menstrual and bleeding complaints:

Bleeding between periods and after intercourse 2 (17) 11.76
Heavy cycles 7 (18) 38.89
Irregular cycles 3 (13) 23.08
Missed (infrequent) cycles 2 (11) 18.18

Mixed symptomsb 0 (2) 0.00
Other symptomsc 0 (4) 0.00
None 14 (60) 23.33

a Intrauterine device.
b Vaginal itching and/or discharge with menstrual complaints.
c Painful intercourse, blood in urine or vaginal dryness.

Table 2

Correlation of DNA positivity in genital swabs collected from adult females with reasons for visiting the Obstetrics and Gynecology clinic.

Reasons for visit No. examined No. positive Positivity % 95% CIa

Vaginal inflammation: itching and/or discharge 30 13 43.33 0.254–0.625
Menstrual and bleeding complaints 57 13 22.81 0.127–0.358
Routine  checkup (without symptoms) 42 10 23.81 0.120–0.394
Multiple reasons (vaginal itching and/or discharge with menstrual complaint) 2 0 0.0

Seeking pregnancy (n = 37) (IVFb , IUIc)
Without symptoms 19 4 21.05 0.060–0.455
With coincidental vaginal discharge 11 0 0.0
With  coincidental menstrual and bleeding complaints 5 1 20.00 0.005–0.716
With coincidental painful intercourse 1 0 0.0
With  coincidental blood in urine 1 0 0.0

Other  reasonsd 1 0 0.0
Total  169 41 24.26

a Confidence interval.
b In vitro fertilization.
c Intrauterine insemination.
d Vaginal dryness.
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our novel PCR-based finding that Simkania inhabits the female
genitalia, the use of the cell culture approach for isolation and sub-
sequent characterization of the microbe in  addition to  one of the
modern culture-independent molecular techniques, such as next
generation sequencing (NGS), is recommended.

Evaluation of age-related positivity rates clearly showed that
about three quarters (73.17%) of Simkania-positive females aged
between 30 and 49 years. Importantly, about half of the Simkania

DNA-positive females aged between 29–35 years (12/41; 29.27%)
and 46–50 years (9/41; 21.95%). Deeper analysis of age-specific
prevalences demonstrated that DNA positivity reached the peak in
females within the age range 30–39 years, slightly decreased in the
subsequent age group of 40–49 years and then sharply decreased
in females aged 50–59 years. In contrast, none of the females older
than 60 years was positive for Simkania and this may  be due to the
low number of women investigated in this elderly cohort (only 7
subjects). Overall, based on these interesting novel findings, fur-
ther studies with larger female populations are needed to gain a
better understanding of the relatedness between the age and the
incidence of S. negevensis in  genitalia.

Many Simkania-like bacteria have been associated with dis-
eases relevant to the urogenital system and/or respiratory
system. Globally, C. trachomatis is considered the most common
sexually transmitted pathogen, leading to  cervicitis, urethritis,
ectopic pregnancy, miscarriage, epididymitis, prostatitis and male
infertility.12,13,18 The prevalence of this pathogen was  estimated at
about 100 million new cases in 2005.12 Chlamydia abortus is  aborti-
genic in mammals and is  involved in  miscarriage and stillbirths.12,13

Additionally, W.  chondrophila has been associated with miscar-
riage and ectopic pregnancy in humans and animals.4,12,13 P.

acanthamoebae and C.  pneumoniae were initially identified as an
emerging respiratory pathogens and they are now linked to adverse
pregnancy aspects.4,12,13 Based on the literature and the novel
results of this work, Simkania appears to exist in other body parts in
addition to the respiratory system. Very recently, S. negevensis DNA
was significantly detected in intestinal biopsies taken from patients
diagnosed with Crohn’s disease.11 Consistently, the present study
revealed the bacterial nucleic acids in another nonrespiratory
site, namely, the female genitalia. Intriguingly, a  significant link
between the presence of S. negevensis and the reproductive age of
women was found. The current work also provides evidence for a
possible association of S. negevensis with the vaginal inflammation.
However, these results are still immature and need to be backed
up by further investigations to verify the ability of this organism
to exhibit tropism to the female genital tract and its pathogenic
potential in the genitalia.

As mentioned above, this study clearly demonstrated significant
higher prevalence of Simkania DNA in  vaginal swabs from women
of the reproductive age. One of the important correlates of the
reproductive age is miscarriage. Among risk factors known to  asso-
ciate with this spontaneous abortion are  advancing maternal and
paternal age, genetic abnormalities, immunological and implanta-
tion disorders, uterine and endocrine abnormalities and lifestyle
factors.19 Another risk factor linked to increasing chance of mis-
carriage is the infection with certain microbes.18 For instance, a
significant correlation between Waddlia seropositivity in women
who experienced miscarriage was demonstrated, compared to
those who had no history of miscarriage.4,12,13 Comparably, a  cor-
relation between C.  trachomatis infection and miscarriage was  also
documented.12,13,18,20 In addition, many studies have linked P.

acanthamoebae with miscarriage in ruminants and humans.12,13,21

Consistent with these studies, the present research shows a  pos-
sible involvement of S. negevensis in  miscarriage. This result might
be inconclusive due to the relatively small size of population exam-
ined. Therefore, future research is required to explore if Simkania

is able to adversely affect the success of pregnancy in humans.

Possible sources of infection and modes of transmission for
Simkania-like agents have been proposed. P. acanthamoebae and
C. abortus may  have zoonotic nature, leading to disorders in
humans after contact with infected cattle.12,13,22,23 Cattle may
contract P. acanthamoebae from the animal drinking water.4,21

Moreover, maternal-fetal transmission of this microbe has also
been demonstrated and was  postulated to be the result of  zoonotic
transmission.22 W.  chondrophila could be acquired from well water
or following contact with infected animals and may  be transmitted
by sexual intercourse.13,24 Similar to  Chlamydiales members, pos-
tulations on the source of infection/reservoir of Simkania and its
mode of transmission have been reported. Different types of water,
such as drinking and environmental water and reclaimed wastew-
ater, were suggested to be a  major source of the bacterium.3,14,25–29

Ticks were also proposed as a  reservoir and a  source of infection.30

Additional modes of transmission could be human-to-human
transmission through aerosols or droplets, because of  Simkania

association with the respiratory system.3 With  respect to the source
of infection with Simkania in females tested positive in the cur-
rent study, zoonotic transmission is very unlikely, as participants
inhabit urban areas with no farms and no  domestic animals are
kept in  or  between houses. The use of bloodstream for Simkania

dissemination from potentially infected or colonized respiratory
system or other body organs to the genitalia of females could also
be excluded at this point, as blood samples collected from 100 adult
males and females were all negative for the bacterium (data not
shown). It  might be  argued that the tested blood samples did not
belong to the cohort of women  tested here. Nevertheless, to  resolve
any dispute on this issue, further work is required to  conclusively
clarify the exact role of blood and its cells in the spread of Simka-

nia in the human body. The possibility that the household water
used for body washing was  the source of infection is also ruled out.
This seems reasonable because none of the females older than 55
years was found positive. It is, therefore, tempting to hypothesize
that sexual transmission might be the source of microbial infection.
This could be supported by the fact that all females with confirmed
Simkania DNA positivity were married at the time of the study and
the incidence of S. negevensis was found significantly associated
with reproductive age. This attractive speculation can be explored
in future work by detecting and characterizing the bacterium in
females along with their sexual partners.

In summary, the present work provides the first evidence for
the presence of S. negevensis in the human female genitalia, as con-
firmed by PCR technique. This study serves as a  foundation to  verify
the causal role of Simkania, if present, in genital system disorders
and its association with adverse pregnancy outcomes in  addition
to its potential being a sexually transmitted agent.

Funding information

This work was funded through a  grant from the Deanship of
Scientific Research, the University of Jordan, Amman, Jordan.

Conflicts of interest

The authors have no  conflicts of interest in relation to this work.

Acknowledgements

The authors would like to thank Thomas Rudel and Jo-Ana
Herweg, Department of Microbiology, University of Würzburg,
Würzburg, Germany, who  generously provided them with Simkania

DNA.

83



R.A. Abu-Saif, A.S. Al-Basha and H.M. Al-Younes Enfermedades Infecciosas y Microbiología Clínica 41 (2023) 79–84

References

1. Friedman MG,  Dvoskin B,  Kahane S. Infections with the Chlamydia-like microor-
ganism Simkania negevensis, a  possible emerging pathogen. Microbes Infect.
2003;5:1013–21, http://dx.doi.org/10.1016/s1286-4579(03)00188-6.

2. Al-Younes HM,  Paldanius M. High seroprevalence of Simka-
nia  negevensis in Jordan. Braz J  Microbiol. 2015;45:1433–7,
http://dx.doi.org/10.1590/s1517-83822014000400038.

3.  Vouga M, Baud D, Greub G. Simkania negevensis,  an insight into the biology
and  clinical importance of a novel member of the Chlamydiales order. Crit Rev
Microbiol. 2017;43:62–80, http://dx.doi.org/10.3109/1040841X.2016.1165650.

4. Taylor-Brown A, Vaughan L, Greub G, Timms  P, Polkinghorne A. Twenty years
of  research into Chlamydia-like organisms: a  revolution in our understanding of
the  biology and pathogenicity of members of the phylum Chlamydiae. Pathog
Dis.  2015;73:1–15, http://dx.doi.org/10.1093/femspd/ftu009.

5.  Al-Younes HM,  Al-Zereini W,  Obeidat NM.  Molecular evidence for the  absence
of  an association between Simkania negevensis and respiratory diseases. J  Med
Microbiol. 2017;66:1324–7, http://dx.doi.org/10.1099/jmm.0.000564.

6.  Johnsen S, Birkebaek N, Andersen PL, Emil C, Jensen JS, Østergaard L. Indirect
immunofluorescence and real  time PCR for detection of Simkania negevensis
infection in Danish adults with persistent cough and in healthy controls. Scand
J  Infect Dis. 2005;37:251–5.

7. Lieberman D, Dvoskin B, Lieberman DV, Kahane S, Friedman MG.  Sero-
logical evidence of acute infection with the Chlamydia-like microorgan-
ism Simkania negevensis (Z) in acute exacerbation of chronic obstruc-
tive pulmonary disease. Eur J  Clin Microbiol Infect Dis. 2002;21:307–9,
http://dx.doi.org/10.1007/s10096-002-0703-7.

8. Korppi M, Paldanius M,  Hyvärinen A, Nevalainen A. Simka-
nia negevensis and newly diagnosed asthma: a  case–control
study in 1–6-year-old children. Respirology. 2006;11:80–3,
http://dx.doi.org/10.1111/j.1440-1843.2006.00788.x.

9. Kose M,  Ekinci D, Gokahmetoglu S, Elmas T, Öztürk MK.  Simkania negevensis: is
it  a real respiratory pathogen? Acta Microbiol Immunol Hung. 2015;62:161–6,
http://dx.doi.org/10.1556/030.62.2015.2.

10.  Ossewaarde JM,  Meijer A. Molecular evidence for the existence of addi-
tional members of the order Chlamydiales. Microbiology. 1999;145:411–7,
http://dx.doi.org/10.1099/13500872-145-2-411.

11.  Scaioli E, Biondi R, Liverani E, Sartini A, Troiano A, Fuccio L,  et  al.
Simkania negevensis in Crohn’s Disease. Dig Dis Sci. 2019;64:3284–90,
http://dx.doi.org/10.1007/s10620-019-05632-4.

12.  Ammerdorffer A, Stojanov M,  Greub G, Baud D. Chlamydia trachomatis and
Chlamydia-like bacteria: new enemies of human pregnancies. Curr Opin Infect
Dis. 2017;30:289–96, http://dx.doi.org/10.1097/QCO.0000000000000369.

13.  Baud D, Regan L, Greub G. Emerging role of Chlamydia and Chlamydia-like
organisms in adverse pregnancy outcomes. Curr Opin Infect Dis. 2008;21:70–6,
http://dx.doi.org/10.1097/QCO.0b013e3282f3e6a5.

14.  Donati M,  Cremonini E, Francesco AD,  Dallolio L,  Biondi R, Muthusamy R,
et  al. Prevalence of Simkania negevensis in chlorinated water from spa swim-
ming  pools and domestic supplies. J  Appl Microbiol. 2015;118:1076–82,
http://dx.doi.org/10.1111/jam.12761.

15.  World Health Organization. Reproductive health indicators: guidelines for their
generation, interpretation and analysis for global monitoring. 2006.

16. Vouga M,  Kebbi-Beghdadi C, Liénard J, Baskin L, Baud D, Greub G.
What is  the true clinical relevance of Simkania negevensis and other
emerging Chlamydiales members? New Microbes New Infect. 2018;23:1–5,
http://dx.doi.org/10.1016/j.nmni.2018.01.001.

17.  Zezekalo VK, Pochernyaev KF,  Voloshchuk VM,  Zasukha LV, Shcherbakova NS,
Kulynych SM.  Multiplex PCR assay for Chlamydia-like bacteria detection. Wiad
Lek. 2019;72:851–5.

18. Giakoumelou S, Wheelhouse N, Cuschieri K,  Entrican G, Howie SE, Horne AW.
The role of infection in miscarriage. Hum Reprod Update. 2016;22:116–33,
http://dx.doi.org/10.1093/humupd/dmv041.

19.  Pinar MH,  Gibbins K,  He M, Kostadinov S,  Silver R. Early pregnancy losses: review
of nomenclature, histopathology, and possible etiologies. Fetal Pediatr Pathol.
2018;37:191–209, http://dx.doi.org/10.1080/15513815.2018.1455775.

20.  Ahmadi A, Khodabandehloo M,  Ramazanzadeh R, Farhadifar F, Roshani D,
Ghaderi E, et al. The relationship between Chlamydia trachomatis genital infec-
tion and spontaneous abortion. J Reprod Infertil. 2016;17:110–6.

21. Wheelhouse N,  Howie F, Gidlow J,  Greub G, Dagleish M,  Longbottom D. Involve-
ment of Parachlamydia in bovine abortions in  Scotland. Vet J. 2012;193:586–8,
http://dx.doi.org/10.1016/j.tvjl.2012.01.008.

22. Baud D, Goy G, Gerber S, Vial Y, Hohlfeld P, Greub G. Evidence of
maternal-fetal transmission of Parachlamydia acanthamoebae. Emerg Infect Dis.
2009;15:120–1, http://dx.doi.org/10.3201/eid1501.080911.

23. Walder G, Hotzel H, Brezinka C,  Gritsch W, Tauber R, Würzner R,
et al. An unusual cause of sepsis during pregnancy: recognizing infec-
tion with Chlamydophila abortus.  Obstet Gynecol. 2005;106:1215–7,
http://dx.doi.org/10.1097/01.AOG.0000161060.69470.9c.

24.  Codony F, Fittipaldi M,  López E, Morató J, Agustí G. Well water as a possible
source  of Waddlia chondrophila infections. Microbes Environ. 2012;27:529–32,
http://dx.doi.org/10.1264/jsme2.me12048.

25. Angeletti A, Biondi R, Battaglino G, Cremonini E, Comai G, Capelli F., et al.
Seroprevalence of a  “new” bacterium Simkania negevensis, in renal trans-
plant  recipients and in hemodialysis patients. BMC  Nephrol. 2017;18:133,
http://dx.doi.org/10.1186/s12882-017-0548-z.

26.  Kahane S, Greenberg D, Newman N, Dvoskin B, Friedman MG.  Domestic water
supplies as a  possible source of infection with Simkania.  J  Infect. 2007;54:75–81,
http://dx.doi.org/10.1016/j.jinf.2006.01.011.

27.  Kahane S, Platzner N, Dvoskin B, Itzhaki A, Friedman MG.  Evidence
for the presence of Simkania negevensis in drinking water and in
reclaimed wastewater in Israel. Appl Environ Microbiol. 2004;70:3346–51,
http://dx.doi.org/10.1128/AEM.70.6.3346-3351.2004.

28.  Pérez LM,  Codony F,  Ríos K,  Adrados B, Fittipaldi M,  De Dios G, et al. Preva-
lence  study of Simkania negevensis in cooling towers in Spain. Water Health.
2011;9:312–6, http://dx.doi.org/10.2166/wh.2010216.
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