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ABSTRACT

Background: Early neonatal acquisition of Ureaplasma urealyticum (U. urealyticum)
and Ureaplasma parvum (U. parvum), in the 1% 24 hours after birth and during passage
of an infected maternal birth canal, have been linked to the development of respiratory
diseases in premature newborns as a result of respiratory tract colonization. However,
the role of these pathogens in the development of respiratory distress syndrome (RDS)
still needs more clarification. Objectives. In this study we aimed to search for U.
urealyticum and U. parvum in tracheal aspirates of premature infants with RDS by
species-specific PCR assays and to evaluate the short term outcome of preterm infants
with positive results. Methodology: Tracheal aspirate fluid samples from 35 preterm
neonates with RDS with a mean gestational age of (32.76+2.48) weeks were collected
within the first 24 hours after birth and analyzed for detection of U. urealyticum and U.
parvum by species-specific PCR assays targeting urease gene subunits and adjoining
spacer regions. Results: Ureaplasma spp. was detected in the tracheal aspirate of 6
(17%) preterm infants with RDS. Among these 6 positive cases; 5 (83%) were positive
for U. parvum while only 1 case (17%) was positive for U. urealyticum. The preterm
infants with positive results for Ureaplasma spp. had statistically significant higher
degree of RD depending on the chest X ray grading results and longer durations of
ventilation and hospitalization. Conclusions: Limited by the relatively small sample size,
this work can be considered as a pilot study indicating a possible association between
the severity of RDS in preterm infants and respiratory tract (RT) colonization with
Ureaplasma spp. particularly U.parvum.

INTRODUCTION

Respiratory distress syndrome (RDS) is a main
cause of morbidity and mortality in the early neonatal
period. Related to the degree of prematurity, it occurs in
7%-50% of neonates. It is also responsible for 30% -
40% of newborns’ hospital admission *. Many studies
confirmed an inverse relationship between RDS and
gestational age % 3. Despite the improvement in perinatal
care, RDS still remains a major neonatal problem *°.

According to previous studies in recent years,
infection with Ureaplasma species (spp.) was found to
be responsible for the increased liability of preterm
neonates to RDS °.
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These pathogens are readily transmitted venereally
and vertically, either in utero or at delivery of the
neonate '. Ureaplasma parvum (U. parvum) is generally
the commonest Ureaplasma spp. detected in various
clinical specimens; however, Ureaplasma urealyticum
(U. urealyticum) is apparently more pathogenic in
conditions such as male urethritis ®.

A number of studies attempted to relate U.
urealyticum colonization to the development of
respiratory diseases in high risk newborns (gestational
age <28 weeks), but the effective role of U. urealyticum
and U. parvum in the development of RDS when
associated with prematurity remains controversial °.
Aim of thework:

This study aimed to search for a possible
association between the presence of Ureaplasma species
(spp.) in the respiratory tract of pre-term infants and the
development of RDS and to identify the most prevalent
associated Ureaplasma spp. using species-specific PCR
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assays. Moreover, the study aimed to evaluate the short
term outcome of RDS in preterm infants with positive
results.

METHODOLOGY

This cross sectional study included 35 premature
neonates from Neonatal Intensive Care Unit (NICU) of
El Matarriah Teaching Hospital within a time period of
6 months. The study protocol was approved by the
ethical committee of the Institute of Postgraduate
Childhood Studies and that of El Matarriah Teaching
Hospital, and verbal consent was obtained from each
parent of neonates included in the study. The study
included 18 males and 17 females with a gestational age
ranging from 28 to 36 wks. All of them were preterm
(<37weeks) fulfilling the criteria of RDS (tachypnea,
intercostal retractions, expiratory grunting, and a
persistent oxygen requirement for more than 24 hours
(FiO, >0.4), and/or radiographic evidence of hyaline
membrane disease)’®, and the need for assisted
ventilation (mechanical ventilation either by tracheal
intubation or by nasal continuous positive air ways
pressure (CPAP), using the fractional inspired oxygen
(Fi0,>0.21), as the amount of oxygen delivered to the
patient. Preterm newborns with major congenital
abnormalities, intrauterine infection, CNS anomalies,
CVS anomalies, chest anomalies, sepsis and babies who
received surfactant were excluded from the study.
Neonates born to mothers with history of
chorioamnionitis, premature rupture of membranes
(PROM) >18 hours or mothers who received antibiotics
before delivery were also excluded.

All the studied neonates were subjected to detailed
perinatal medical history taking including; (1) perinatal
history (gestational age according to last menstrual
period, data of maternal risk factors as PROM or use of

All included neonates were subjected to routine
laboratory investigations (Complete blood picture, C
reactive protein (CRP) and arterial blood gases),
radiological investigations (a frontal chest radiograph
was performed at birth and radiological severity of RDS
was graded in 4 categories) 2,

Tracheal aspirates were collected from all included
neonates for detection of U. urealyticum and U. parvum
deoxy-ribo nucleic acid (DNA) by species specific PCR
assays targeting urease gene subunits and adjoining
spacer regions.

Sample Collection and PCR assays:

On 1% day after delivery, Iml of normal saline was
injected into the endotracheal tube of each neonate, and
then tracheal aspirate was withdrawn into a sterile tube.
The samples were transferred to the laboratory and
stored at -20 °C till further processing and testing. DNA
extraction for purification of genomic DNA was done
using QIAgen DNA/RNA Kit® (QIAgen, USA). The
PCR technique was performed with a final volume of
50 pl reaction mix; 25 pl ofa 2x QIAgen HotStar Taq®
Master Mix, 11 pl of RNase-free water, 2 ul of each
primer (table 1), and 10 pl of tested DNA. Negative
control (QIAgen® RNase-free water) and positive
controls (provided by Prof. Ali Zaki) were included in
each PCR run. The species-specific primer pairs used in
our study (TIB MOBIOL, GmbH, Berlin, Germany)
proved to distinguish the two species ** (table 1).

The thermal cycler (thermo PxE 0.21, England),
was programmed with the following cycling profile:
QIAgen Taq DNA polymerase activation was
performed by incubation at 95°C for 15 min, followed
by 35 cycles of: 94°C for 45 s, 55°C for 45 s, and 72°C
for 1 min with final extension at 72°C for 10 minutes.
Identification of amplified products by gel
electrophoresis according to Voytas *>was done.

Table (1): Primers for U. urealyticum and U. parvum

antibiotics  during  pregnancy, chorioamnionitis, targeting urease gene subunits and adjoining spacer
hypertension, and antenatal steroids administration), (2) regions

natal history (mode of delivery, perinatal asphyxia and Primer Sequence Band
meconium aspiration) and (3) postnatal history (Apgar UP1 | 5 CAggAT CAT CAA gTC AATTTA g3’ 421bp

5" AAC ATA ATg TTC CCC TTT TTA TC 3°
5’ CAg gAT CAT CAA ATC AATTCAC 3’ 419bp

score at 1, 5 minutes after delivery and sex) UP2
Thorough clinical examination was performed. It Uul

included; (1) general examination (heart rate,
respiratory rate and core temperature, blood pressure,
color, attitude, and determination of birth weight), (2)
systemic examination (with laying stress on respiratory
system as regards clinical grading of respiratory
distress, and search for any signs of sepsis), (3)
gestational age assessment by physical and
neuromuscular evaluation using New Ballard score *,
(4) clinical assessment of respiratory distress using
Silverman-Anderson scoring ', and (5) the need for
assisted ventilation (mechanical ventilation either by
tracheal intubation or by nasal CPAP, using the
fractional inspired oxygen (F;0,>0.21), as the amount of
oxygen delivered to the patient

18

UU2 | 5 CAT AAT gTT CCC CTT CgT CTA 3°

Statistical analysis:

Data was tabulated, coded then analyzed using
the computer program SPSS (Statistical package for social
science) version 16. Descriptive statistics were calculated
for the data in the form of Mean and Standard deviation
(£SD). In the statistical comparison between the different
groups, the significance of difference was tested using one
of the following tests: Student’s t-test, Chi-Square test
(X%-value), and Pearson correlation coefficient. P value
was used as determinant as significance (P>0.05 was
considered insignificant, P<0.05 was considered
statistically significant (S), and P<0.001 was considered
highly significant).
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RESULTS

The demographic data, the clinical findings and the
results of routine laboratory investigations of the studied
premature neonates are presented in table (2).

PCR assays results revealed that six cases (17.1%)
were positive for Ureaplasma spp. and 29 cases (82.9%)
were negative. Five of the positive cases, were positive
for U. parvum (14.3% of the whole study group) and
one case was positive for U.urealyticum (2.9% of the
whole study group) (Figure 1). Figure 2 shows the
agarose gel electrophoresis of PCR final amplification
products of some processed tracheal samples.

Table (2): Demographic data and the clinical and routine
laboratory findings of the studied prematur e neonates

Characteristics No.= 35
Sex

Female 17 (48.5%)
Male 18 (51.5%)
Mode of delivery

Vaginal 14 (40%)
Caesarian Section 21 (60%)
Gestational age (weeks) 32.76 £2.48
Weight (kg) 1.8+£0.5
Apgar scorel 3[2-6]
Apgar score5 6 [4-9]
PH 7.27+£0.11
CO, cmH,0 40.73 £ 10.1
HCO; mmHg 20.59 £3.78
TLC(10%ccm) 13.98 + 5.81
HB(g/dl) 14.88+1.9
Plat. (10%/ccm) 189.4 + 493

Data are presented as mean + standard deviation or
median [interquartile range] for continuous variables
and as number (percentage) for categorical variables

14.30% - U parum +ve
2.90%
U urealyticu; u Ureapal sma
Negative

Fig. 1: Ureaplasma species-specific PCR assays results
of tracheal aspirates of the studies preterm infants
(n=35)
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Fig. 2. Agarose gel €electrophoresis of PCR final
amplification products. Lanes 1, 21: Molecular size
marker (ladder), Lane 19: positive control, Lane 20:
negative control, Lane 14: positive sample (Ureaplasma
parvum), rest of lanes show negative samples.

Comparing Ureaplasma spp. positive and negative
groups, no statistically significant difference was found
as regards sex, gestational age, birth weight, Apgar
score, and mode of delivery. Also no statistically
significant difference was found when comparing the
results of blood gases testing and CBC (Table 3).

However, the preterm infants giving positive results
in PCR assays for Ureaplasma spp. had statistically
significant higher degree of RD (P= 0.01) depending on
the chest X ray grading results (Table 4).

The results also showed that Ureaplasma spp.
positive preterm infants with RD had statistically
significant longer durations of ventilation and
hospitalization (Table 5).

There were statistically significant negative
correlations between chest x-ray scoring of RD with
gestational age (r= -0.96, P= 0.002), and birth weight
(r= -0.94, P= 0.006). Although positive correlations
were found with duration of ventilation (r= -0.34, P=
0.51) and fate (r= -0.16, P= 0.77) yet, they were not
statistically significant (P<0.05).

In the study’s patients as a whole, 85.7% of the
neonates survived while 14.3% died. It is worth noting
that 3 of the 6 (50%) of Ureaplasma spp. positive
infants with RD died while among the negative group
only 6.9% (2/29) died and 93.1% survived.
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Table (3): Demographic and clinical characteristics of patients with Ureaplasma spp. positive and negative PCR

results
Ur eaplasma spp.
Positive Negative t (x*) P
No.=6 No.= 29
Age 32.33+£2.422 32.76 +=2.488 0.4 0.7
Sex
Male 2 (33.3%) 16 (55.2%) 0.9* 0.4
Female 4 (66.7%) 13 (44.8%)
Weight 1.825+0.5880 1.809 +0.4973 0.1 0.9
Apgar 1 3.33+£0.816 3.79 £ 1.346 . 0.3
Apgar 5 5.67 +1.366 6.14 + 1.642 0.7 0.5
Mode of delivery
Vaginal 3 (50%) 11 (37.9 %) 0.6* 0.7
Caesarian section 3 (50%) 18 (62.1 %)
CBC
TLC (10%ccm) 10.37 £5.760 15.57+5.709 2.02 0.08
HB (gm/dl) 14.583 +2.9816 14.941+ 1.6584 0.3 0.8
Plat. (10*/ccm) 201.17 + 54.521 193.34 + 48.213 0.4 0.7
Blood gases
PH 7.258 +£0.1462 7.272 +£0.1023 0.3 0.8
CO,cmH0 4732 +£14.327 39.37 +£ 8.660 1.8 0.07
HCOs; mmHg 21.85+2.148 20.33 +£4.019 0.9 0.4

Data are presented as mean =+ standard deviation for continuous variables and as number (percentage) for categorical

variables

t (x¥): Student’s t-test (Chi-Square test)

p: P value

Table (4): Comparison between Ureaplasma spp. positive and negative groups as regards clinical and

radiological degree of RD

Ureaplasma spp. Total X? P
Negative Positive
No. % No. % No. %
RD Degree 1 25 86.2% 2 33.3% 27 77.1% 6.8 0.03
RD Degree 2 4 13.8% 4 66.7% 8 22.9%
X-ray 1 12 41.4% 1 16.7% 13 37.1% 10.8 0.01
RDS 2 10 34.5% 1 16.7% 11 31.4%
grades 3 6 20.7% 1 16.7% 7 20.0%
4 1 3.5% 3 50.0% 4 11.4%
X? Chi-Square test
p: P value

Table (5): Comparison between Ureaplasma spp. positive and negative groups as regards duration of ventilation,

and duration of hospitalization

Variable Ureaplasma No0.=35 Mean Std. Deviation P
Duration of Negative 11.83 39 32 0.003
hospitalization(days) Positive 17.9 5.6
Duration of ventilation(days) Negative 8.3 32 3.98 0.0004
Positive 14.5 4.5
t: Student’s t-test
p: P value
20 Egyptian Journal of Medical Microbiology
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DISCUSSION

In our study we relied on the PCR assay for
detection of Ureaplasma spp., directly from tracheal
aspirate samples of the premature infants. PCR is more
sensitive than culture for detection (<100 genome
copies) of nonviable as well as viable Ureaplasma
spp.’®. Also use of PCR assay to detect Ureaplasma in
different clinical samples has been shown to be
comparable or superior to that of culture according to
multiple studies 8 2% 2L Targeting the urease gene
in the PCR enabled us to discriminate between the two
Ureaplasma species as described in other studies > %,
Use of PCR to detect Ureaplasma was supported by the
results of a previous study which determined that
patients with a positive PCR for Ureaplasma spp. but a
negative amniotic fluid culture had a higher rate of
significant neonatal morbidity than those with a
negative culture and negative PCR(P<0.05) . The
samples were collected within 24 hours after birth to
avoid hospital acquired colonization or infection.

According to our results, Ureaplasma spp. were
detected in tracheal aspirates of 17% pre-term infants
with RDS (6 cases out of 35). Among these 6 cases: 5
(83%) were U. parvum and 1 (17%) case was U.
urealyticum positive. Similar to our results, records
from the Diagnostic Mycoplasma Laboratory at the
University of Alabama at Birmingham show that
Ureaplasma spp. were detected in 18% sequential
endotracheal aspirates from preterm neonates with
respiratory distress 2. Other studies found that rate of
respiratory tract colonization with Ureaplasma spp. in
very low birth weight infants (<1,501g) ranges from
20%to 45%™. The difference in detection rates will
reflect the frequency of maternal colonization in the
lower urogenital tract of women in the population
studied. Also many studies reported that detection rates
vary inversely with gestational age®®???% In our
study mean birthweight of the included preterm infants
was 1800 g = 500 and it was nearly the same in both
Ureaplasma spp. positive and negative groups (=~1,800
g). Also the gestational age of the preterm infants in the
included preterm infants was 32.76 + 2.48 with no
significant difference between the positive and negative
groups. These findings may explain the relatively lower
rate of detection of Ureaplasma spp. in our study. In
support of this, Kafetzis et al. * demonstrated a vertical
transmission rate of 60% for infants with a birth weight
of <1,000 g versus only 15.3% for infants with birth
weights of 1,500 g. These investigators also found that
the overall Ureaplasma colonization rate was 10% for
full-term infants versus 24% of preterm infants.

Our study confirmed previous observations of
others"® who found that U. parvum was the
predominant Ureaplasma spp. colonizing the respiratory
tract of preterm infants. In contrast, Heggie et al.*
reported a similar distribution of the two species by
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species-specific PCR of culture-positive broths from
endotracheal aspirates. Differences between the study
results may be due to differences in study populations
and different in epidemiological colonization pattern.

The studied neonates were 51.4% males and 48.5%
females with male to female ratio of 1.04: 1. Some
studies reported that boys are more likely to develop
RDS than girls and more likely to die from the disease
33,3435 However, other researchers found that there was
no statistical significant difference between male and
female as regards occurrence of RDS and the rate of
Ureaplasma spp. colonization % 3%

The comparison between Ureaplasma spp. positive
and negative groups was hindered by the low number of
positive cases (6 cases) however, the results of the study
showed that half of the Ureaplasma spp. positive
tracheal samples collected from pre-term infants
delivered vaginally and the other half from infants
delivered by C.S. Similarly Patterson and colleagues, >
documented that the mode of delivery had no effect on
U. urealyticum isolation from respiratory tract of
premature neonates and they suggested that lung
inflammation might be initiated prenatally by U.
urealyticum colonization of amniotic fluid or
membrane. Different studies reported that Ureaplasma
spp. can be transmitted from infected females to the
fetus or neonate by at least three different routes
including an ascending intrauterine infection in which
the organisms gain access to the amniotic sac where
they multiply and are then passed into the fetal lung
even when fetal membranes are intact. Also fetal
acquisition of Ureaplasma spp. can occur through a
hematogenous route through placental infection.
Finally, acquisition of these organisms by the neonate
can occur through passage of an infected maternal birth
canal with resultant colonization of the skin, mucosal
membranes and respiratory tract 3" 40 4142 43.44.

History of premature rupture of membranes was
recorded in four out of the six (66.7 %) Ureaplasma
spp. positive patients. Similarly, a study done by
Pandey et al.* reported that infants colonized
with Ureaplasma spp. are more likely to have been born
following premature rupture of membranes than those
not colonized.

The results of the present study documented that
premature neonates with PCR positive tracheal aspirate
for Ureaplasma spp. had a statistically significant
higher RD chest x-ray scoring (P= 0.01), longer
duration of ventilation with a mean of 14.5+4.5 days
(P= 0.0004) and more days of hospitalization with a
mean of 17.9+£5.6 days (P= 0.003) when compared to
those with Ureaplasma spp. negative aspirates. Other
investigators *® found similar results in 22 infants from
whom Ureaplasma spp. were detected in blood as they
experienced significantly more hospital stays and
remained hospitalized for more days during the first 12
months of postnatal life than 18 infants without
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infection. In vitro and in vivo studies demonstrated that
Urealasma spp. may cause lung injury through a
number of mechanisms including the inhibition of
pulmonary surfactant by phospholipase A2 and the
production of pro-inflammatory cytokines *+ & 49 0,
Pro-inflammatory cytokines are believed to play role in
mediating pathology through innate and adaptive
immune responses. These include interleukin-13 (IL-
1B), tumor necrosis factor alpha (TNF-), and IL-6. IL-1
B and TNF- activate the immune system, produce
inflammation, and induce the release of IL-6, which
affects the proliferation of antibody-producing B cells
but also limits pulmonary inflammation associated with
pneumonia and hypoxia. In the mature immune system,
activation of the inflammatory pathway is opposed by
the production of cytokines such as IL-10 which down-
regulate inflammation and host defense mechanisms in
order to protect from an excessively strong response to
stimuli. Small amounts of IL-10 in lung lavages of
intubated preterm infants with respiratory distress
suggests that the immature immune system has a limited
ability to down-regulate the inflammatory response .

In contrast to our finding, other investigators found
decreased incidence of RDS in infants < 28 weeks
gestation who are colonized with Ureaplasma spp.
However, many of these colonized infants progressed to
develop chronic lung disease * **. The difference in the
results could be attributed to many variables, including
sampling frequency, the method of detection and
population characteristics. Also the type of sample as it
has been proposed that positive tracheal aspirates
represent lower respiratory tract colonization and
positive  nasopharyngeal-samples represent upper
respiratory tract colonization *.

In this study 50% of Ureaplasma spp. positive
cases died versus 6.9 % in Ureaplasma spp. negative
cases. Arit et al. °® demonstrated a high mortality rate in
neonates with low gestational age and low birth weight.
Dusko et al. > also detected higher risk of mortality in
infants with lower birth weight and shorter gestational
age in 126 premature infants hospitalized at Pediatric
Intensive Care Unit.

Several studies assessed the colonization of the
lower respiratory tract by Ureaplasma spp. and
particularly by U. parvum in preterm newborns and
related it to RDS, but our study is the first to highlight
the problem in Cairo, Egypt and paving the way for
future studies to determine the relationship of
Ureaplasma spp. virulence factors, host immune factors
affecting pathogen susceptibility, and inflammatory
variability, and interactions with environmental factors
such as oxygen exposure.

Limitations of the study:

The study limited by the relatively small sized
sample that was restricted to preterm infants with RDS
in the 1* 24 hours. Wider scale studies are needed to
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allow evaluating the long term outcome of Ureaplasma
spp. colonized preterm infants with RDS.

CONCLUSIONS

Colonization of the lower respiratory tract by
Ureaplasma spp., particularly U. parvum, in preterm
neonates increase the duration of ventilation and
hospitalization in preterm infants with RDS, thus
increasing hospital costs and exposing the colonized
preterm infants to severe comorbidities and dangerous
outcomes. The routine use of PCR could be useful to
screen candidate babies for etiologic therapy in order to
decrease the complications of RDS and to give a chance
for catch up normal growth and development.
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