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Abstract

Bacterial vaginosis has a significant relative risk for miscarriage or prematurity of 1.4-6.9%. In the initial
Erfurt trial 0.3% of the neonates with gestational age <32 + 0 weeks were seen in an intervention group
vs. 3.3% (p <.01) in the control group; in the Thuringia campaign the figures were 0.94% vs. 1.36% (p
<.01) for the entire state. The rate of newborns <1,000 g was reduced to 0.38%, the lowest incidence
ever seen in any of the German states in the past.

The Erfurt and Thuringia programmes represent a preventional prospective, controlled study. This should
count even more, as there was no success in reducing the rate of underweight children either on federal
state or national level in the decades preceding the study. However, after discontinuation of the
campaign the prematurity rates in Thuringia monitored till 2005 are as high as prior to our statewide
programme in general as for our hospital in particular.

Now, following correction, detailed analysis and extensive discussion of the data a model trial of four
health insurance providers in five German states was initiated, aimed at scientific evaluation as well as
cost-benefit analysis. The preliminary new data and calculations also signal substantial savings as well
as implementation of new simplified pH-measurement techniques and tools.

Prevention of prematurity by screening, diagnosis and therapy of genital infections is without any doubt
a step for optimising and rationalising the health care system. Also the noncommensurable extraordinary
strain on all parties involved could be reduced in a most beneficial way. Similar developments take
place abroad: the described innovative pH measurement regime is introduced in more than 20 countries
so far.
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Note

This is an updated manuscript as published earlier in:

Naber KG, Schaeffer AJ, Heyns CF, Matsumoto T, Shoskes DA, Bjerklund Johansen TE, eds.
International Consultation on Urogenital Infections. Arnhem: European Association of Urology -
International Consultation on Urological Diseases; 2010. Available from:
http://www.icud.info/urogenitalinfections.html

Summary of recommendations

1. Routine screening for N. gonorrhoeae, C. trachomatis and bacterial vaginosis is indicated in
defined populations because of infection associated miscarriage and preterm birth as well as
postpartum complications (GoR B).

2. The intravaginal pH self-measurement as a screening procedure followed by antimicrobial therapy
in case of bacterial vaginosis is a significant step in reduction of prematurity (GoR B).
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1 Introduction

Ectopic pregnancy, spontaneous abortion and stillbirth, prematurity, congenital and perinatal infections
as well as puerperal maternal infections represent outcomes of pregnancy in which bacterial (sexually
transmitted) infectious agents play an important etiologic role, especially in pregnant adolescents and
young adults compared to older pregnant women, who are more likely to be involved in a stable
monogamous relationship [1]. The prevalence of bacterial sexually transmitted infections (STI), such as
with Chlamydia trachomatis and Neisseria gonorrhoeae is in general highest among women younger than
25 years; Mycoplasma genitalium, leptotrichia, and other still uncultivable organisms may prove to be
important in the future.

The anatomy and physiology of the urogenital tract change dramatically during pregnancy: The glycogen
content of the we urethral and vaginal epithelium increases, the intravaginal pH decreases, the columnar
epithelium of the cervix hypertrophies and is exposed to the changed local microbial flora and/or
infection. This leads to an increasing risk of urinary tract infections as well as chorioamnionitis and
amniotic fluid infection in the course of pregnancy and following delivery [2], [3], [4].

Since C. trachomatis, N. gonorrhoeae, and bacterial vaginosis (BV) have been associated with an
increased risk of febrile morbidity after surgical abortion routine screening is indicated prior to the
procedure in most populations [5], [6], but also considered in general for pregnancy [1], [7], [8].
Pregnancy loss and preterm birth comprise the spectrum of adverse pregnancy outcomes following
urogenital infections Especially BV has increasingly been recognized as cause of prematurity all over
the world, e.g. in Germany, Austria, Brazil, Greece, Sweden, Denmark, the US, Iran, Korea [8], [9], [10],
[111, [12], [13], [14], [15], [16]. Integrating a simple infection screening programme into routine antenatal
care can lead to a significant reduction in preterm births and reduces the rate of late miscarriage. In an
intervention group (n=2,058) the number of preterm births was significantly lower than in controls
(n=2,097), (3.0% vs. 5.3%; 95% CI 1.2-3.6; p=0.0001). The number of late miscarriages was 8 vs. 15

[9].
2 Methods

A systematic literature search was performed in Pub Med beginning with 2004 with the following key
words: prevention of prematurity, intravaginal pH-measurement, genital infections, and the following
limitations: English abstract available, non-systemic infection.

A total of 110 publications was identified, which were screened by title and abstract. After exclusion of
duplicates a total of 8 were included into the analysis, supplemented by 31 citations known to the
author. It has to be considered, however, that prevention of prematurity caused by infection is a fairly
new emerging task. Therefore the literature is still very limited.

The studies were rated according to their level of evidence (LoE) and the grade of recommendation
(GoR) using ICUD standards (for details see Preface) [17], [18].

3 The current challenge

Children born prematurely in general, and especially children with low birthweight, run a high risk of
health and development problems. Despite this fact and despite all interventional efforts prematurity
rates have remained unchanged for years e.g. at about 6-8% throughout Germany. In contrast, both
perinatal morbidity and mortality have been reduced significantly over the last years. With the current
high standard of neonatal medicine a further improvement of those results can only be expected if we
succeed in reducing prematurity as the main contributor to perinatal morbidity and mortality [19].
Because of the preventive character of all measures this is not only a medical, but also a social-political
task!
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4 Definition of the disease

Textbooks for obstetrics name a number of factors as causes for prematurity. The type in question here
is (the more and more preventable) infection-based premature births. Currently the quantitatively
relevant, adjustable and scientifically proven causes of prematurity are general infections of the vagina
and cervix uteri, in particular in the latter those caused by Chlamydia trachomatis (LoE 2a). As a logical
consequence e.g. since April 1, 1995 screening for Chlamydia in pregnancy is obligatory in Germany [7]
(GoR B).

Intriguing data implicating bacterial infectious agents in prematurity were first derived from a study
performed more than 40 years ago [20] investigating the role of urinary tract infection in prematurity in
279 nonbacteriuric women allocated to treatment with six weeks of oral tetracycline at 1 g per day (today
considered contraindicated in pregnancy) or with placebo prior to 32 weeks of gestation (Table 1). The
results showed that the tetracycline—treated group had significantly longer gestations, fewer preterm
infants, fewer episodes of postpartum fever, and fewer neonatal complications in comparison with the
placebo-treated group (LoE 1b). Despite all limitations of the study this benefit suggested the presence
of unidentified microorganisms in the urogenital tract (C. trachomatis or BV-associated) that could have
contributed to prematurity in the placebo group. This raises the possibility that also other as-yet
unidentified organisms may be associated with infection and prematurity, since many bacteria produce
phospholipases that may directly damage the membranes or lead to prostaglandin production [1], [21].
This process cannot be reversed at late stage by antibiotics, so the best strategy is prevention of these
conditions by early detection and treatment of lower urogenital or genital infection (GoR B).

Table 1: Effect of 6 weeks of oral Tetracycline given prior to 32
weeks on outcome of pregnancy in 279 nonbacteriuric women

[12]

Measurement ;I';;a:ay)cline z\:::g?;) P
Mean gestation (weeks) | 39.1 38.1 <0.025
Mean birth weight (g) 3,277 3,141 NS*

% %
Premature liveborn 5.4 15.2 <0.025
Stillborn 1.4 0.8
PROM 0 13 NS*
Postpartum fever 6 12 <0.001
Neonatal resuscitation |8 19 <0.005
Respiratory distress 7 <0.05
*Nonsignificant

Pregnant women should be screened for urinary tract infection during pregnancy as well as for C.
trachomatis, possibly N. gonorrhoeae, syphilis and also facultatively T. vaginalis on their first prenatal
visit and treated if positive (GoR B). Screening should be repeated in high risk groups [1], [7], however,
most recommendations for management and therapy in pregnancy lack support by scientifically
performed prospectively randomized studies due to methodical and ethical reasons.
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5 Clinical evaluation: Starting point of a broad scale prematurity
preventional regime

Bacterial vaginosis, an anaerobic dysbiosis, has a significant prevalence in pregnancy of up to 20% and
a relative risk for miscarriage or prematurity of 1.4-6.9% (LoE 2a). An adequate treatment regime,
especially in the early stages of pregnancy, can lead to evident reduction of prematurity (GoR B) [8],
[22], [23], [24]. The unquestionable efficacy of the concept which the pregnant women actively take part
in has been investigated in the prospective Erfurt and Thuringia trials [8]: The objective of these trials
was to prove the efficacy of vaginal pH screening during pregnancy, carried out twice per week by the
woman herself, because gynaecologistsE"4 examinations in the alleged intervals (e.g. every 4 weeks
during early pregnancy) are not considered to be sufficient. It was not intended to investigate the well-
studied impact of bacterial vaginosis on prematurity, to collect new epidemiological data, to reassess
diagnostic measures or to compare different treatment regimes.

Briefly, the patients were recruited into the program with the help of a simple explanatory leaflet at the
end of the 12" week of pregnancy. Patients received examination gloves (CarePlan ® VpH, Selfcare,
then Inverness GmbH, Munich, now Unipath Diagnostics GmbH, Cologne) and a simple documentation
sheet. Each patient was asked to consult her gynaecologist immediately when risk indicators or
symptoms relevant for prematurity occured, especially when she found an elevated pH value >4.7. The
sensitivity of a pH >4.7 with respect to bacterial vaginosis is 97%; a pH value >4.7 is only 67% specific
and not sensitive for other infections [25].

During any unscheduled consultation due to above mentioned indications and after pH control, odour
test and wet mount microscopy, the gynaecologist had to decide if the elevated pH was attributable to:

e a physiological condition,

e pH elevation without evident affection or pathogen present,

e bacterial vaginosis or

e aresult indicating hospital assignment, such as rupture of the membranes.

Accordingly, following the gynaecologic assessment, the patient was assigned to:

e no therapy,

e atherapy recommendation for a preparation containing lactobacilli (in the Erfurt and Thuringia trial
Gynoflor ®, Nourypharma, OberschleiBheim) i. vag.,

e atreatment recommendation for clindamycin cream (SobelinCreme ®, Pharmacia & Upjohn,
Erlangen) i. vag., or

e hospital assignment.

6 Risk assessment and reduction

381 women participated in this pilot screening and treatment programme [8]; 2,341 women did not
participate, and served as a control group. An early prematurity rate of 0.3% amongst participants was
observed, compared to a 2.2% rate amongst women who did not participate, but whose physicians were
informed of and taking part in the programme and a 4.1% rate in a group of pregnant women who
recieved only conventional prenatal care (Table 2). Compliance with the test glove and with the testing
regime was rated as outstanding by all parties involved. Many women emphasized the value of the
individuality of the self precaution and as result the change from being object of care during pregnancy
to subject.
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Table 2: Prematurity Prevention Campaign 1998. Delivery (controlled for gestational age) at the OB-
Department Erfurt (n=2,722)

Controls A
(pH measured by physician)

Controls B
(no measurement)

Delivery Participants
(gestational age) | (pH self measurement)

(n=381) (n=1,001) (n=1,340)
>37 + 0 91.9% 90.7% 85.4%

32+ 0/36 + 6 7.9% 7.1% 10.4%
<32+0 0.3% 2.2% 4.1%

Another 6 months trial was conducted in the federal state of Thuringia starting March 1, 2000. The
objective of the trial was to involve all pregnant women throughout the federal state (about 16,000 per
year) for a defined period of time with the help of office based gynaecologists and to achieve a
measureable decrease in prematurity rates during the annual perinatal state inquiry which had previously
been reported stable between 1992 and 1999 [8].

The method was to send office based gynaecologists test glove kits (total 3,833) free of charge. Women
who were at least 12 + 0 weeks pregnant were recruited for the campaign. Due to the presumed efficacy
of the action it was hypothetically expected that there would be a significant decrease in the prematurity
rate. Treatment with lactobacilli or antibiotics was suggested, but was at the discretion of the treating
physician. Acidification of the vagina with acid- containing pharmaceutical preparations was, excluded,
however, because of the lack of scientific evidence supporting this treatment.

The evaluation of the perinatal inquiry for the year 2000 in Thuringia (16,276 births) gave a clear result:
the total number of early premature births was less in the 2nd half of the year according to the initially
formulated hypothesis (Figure 1a). Similar results were obtained when comparing the birth weights
(Figure 1b). A detailed analysis of participants reporting back (n=607) vs. controls (1. half year 2000,
n=7,870) (Hubner, J., VII. Meeting European Society for Infectious Diseases in OB/GYN (ESIDOG),
13.06.2003, Erfurt ) revealed a reduction in:

e prematurity <32 + 0 wks. (0.3% vs. 1.58%; p <.05)
e prematurity <37 + 0 wks. (5.3% vs. 8.5%; p <.01)
e the incidence of newborns <2,500 g (3.45% vs. 6.92%; p <.001).
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Figure 1a: Thuringia Prematurity Prevention Campaign 2000. Distribution of prematurity (n=16,276; January—
June: 7,870; July-December: 8,406)
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Figure 1b: Thuringia Prematurity Prevention Campaign 2000. Distribution of birth weights 2000 (n=16,582;
January—June: 8,148; July—December: 8,434)

These data allow the conclusion that with this strategy, even if only <50% of the pregnant women
participate in a wider territory, the number of early premature births can be significantly reduced. One
possible explanation for the success of this programme was that whereas more than one third of early
premature births were connected with early rupture of membranes in the first half of the year, this was
only the case in one in five during the second half (Figure 2).
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Figure 2: Thuringia Prematurity Prevention Campaign 2000. Share of premature rupture of membranes for early
prematurity (<32 + 0 weeks)

7 Discussion of treatment

The list of risk factors for prematurity is lengthy. The majority of these factors is difficult to influence.
Cervical and vaginal conditions are factors which have been scientifically studied to a great extent with
regard to their quantitative and qualitative consequences, amongst which the release of bacterial
proteases, the release of phospholiphase A2 from membranes, lysosomes and bacteria (Bacteroides
and Prevotella spp.), and the resulting synthesis of prostaglandines can be relevant (LoE 2a). Another
factor is the direct effect of bacterial endotoxin as well as macrophage activation with release of
cytokines [24], [26]. Furthermore, there are indications that fetal cytokines alone can trigger birth; in this
situation without maternal reaction to infection, labour can be induced, which is lifesaving for both
mother and child can be induced (LoE 2b) [21].

Bacterial vaginosis as dysbiosis rsp. dysbalance with an increase in vaginal anaerobic bacteria
concentrations by 1,000-fold is without doubt a risk for prematurity. The large American VIP trial (in
which enrolment was later in the course of pregnancy) found a relative rate of 1.6 and therefore as high
as for Chlamydia infections or similar to trichomoniasis at 1.7 (LoE 2a) [22]. Aerobic types of colpitis
with an increase of the pH value [27] as well as intra- and extraamnial infections with enteropharyngeal
pathogens are also thought to contribute towards prematurity (LoE 2b) [28], [29].

In the majority of trials concerning pregnancy, bacterial vaginosis has been successfully treated with
Clindamycin rsp. or alternatively with Metronidazole [30], [31], [32]. Even when labour was already
established a significant prolongation of pregnancy could be demonstrated in controlled trials (LoE 1b)
[26]. Dennemark et al. [33] were able to show that by early intervention either with lactobacillus
preparations or preferably with intravaginal Clindamycin treatment a distinct reduction of prematurity
could be obtained (LoE 2a). A systemic review and metaanalysis of five randomised controlled trials that
comprised 2,346 women led to the conclusion that clindamycin administered at <22 weeks of gestation
was associated with a significantly reduced risk of preterm birth at <37 weeks of gestation and late
miscarriage in women with abnormal vaginal flora [34]. In principle lactobacillus preparations cannot yet
be considered a scientifically proven rsp. causal therapy, but the main objective of treatment in both the
Dennemark and the Erfurt/Thuringia investigations was the prolongation of pregnancy.
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8 Principles of management

The Erfurt and Thuringia programmes represent for the first time a prospective, controlled study. The
main benefit is that because of the active involvement of the pregnant women pH changes could be
recognised as early as possible and as a consequence a huge part of the disorders relevant for late
miscarriage or premature birth could be addressed with an immediate adaequate therapy. The results
confirm the positive consequences of the applied measures in a statistically sound way. As the
investigation was carried out in a whole federal state, the positive results can be regarded as a definitive
break-through with respect to availability of a practicable and wide spread prevention of prematurity. The
comparison with other federal states, i.e. Bavaria or Saxonia, shows that when evaluating the quality
indicator birth weight, that the higher rates of prematurity for Thuringia in 1999 could be changed to an
unmistakable reduction in the 2"d half of 2000 (Figure 3). The results achieved in Thuringia in 2000 are
the best ever seen in any of the German states in the past. However, following discontinuation of the
campaign the prematurity rates in Thuringia (monitored till 2005) returned to rates are as high as prior to
our state-wide programme in general, as for our hospital in particular (Table 3).

Bremen
Northrhine
Lower Saxonia
Bavaria
Woestfalia

H 1999
Saxonia-Anhalt
Hessen (1st 6 months)
Thuringia

Saxonia

Brandenhurg

Thuringia 1st 6 months 10,61

Bavaria 10,6 Perinatal Inquiry
. of the Federal
Saxonia 10,44 States 2000

Thuringia Znd 6 morths |G 33
T | !

0 1

Figure 3: Thuringia Prematurity Preventation Campaign 2000. Birth weights <1,000 g compared to other federal
states

Table 3: Distribution of birthweights (%); State of Thuringia 2000-2002

Year 1999 1/2000 | 11/2000| 2001 | 2002 | 2003 | 2004 | 2005
N 16,233 8,162 | 8,458 | 16,408 | 15,995 | 15,436 | 16,058 | 15,633
<1,000 g 0.54 0.61* | 0.38 | 0.46 [0.63***| 0.62** [ 0.60** | 0.56**
<1,500 g 1.22** 1.29* [ 0.97 | 1.09 | 1.32* [ 1.17* | 1.15* | 1.30**
<2,000 g 2.67*** 2.67* | 2.08 | 2.36** [2.62"**|2.74*** | 2.34** | 2.60***
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Year 1999 1/2000 | 11/2000 ( 2001 | 2002 | 2003 | 2004 | 2005

<2,500 g 6.76"** 6.91**| 5.99 |6.64***|6.72***|6.80***| 6.35** | 6.88**

<1,000 g E‘:fﬁ:tata'ce”ter 15 | 10 | 15 | 16 | 15 | 14 | 1.7

* p<0.05
** p<0.01
*** 520,001

Prevention of prematurity by screening, diagnosis und therapy of genital infections is without any doubt
an important step for optimising and rationalising the health care system (GoR B). The concepts and
results presented are encouraging that an improvement of the situation with simultaneous cost reduction
is indeed possible.

9 Further research

The efficacy of the regime is supported and established in several scientifically performed prospective
studies.

The data of 7,731 participating pregnant women as well as 135,394 controls are under evaluation right
now [27]. In this study, initiated by four German insurance companies, reduction of prematurity will be
investigated as well as possible financial savings: Preliminary data indicate about 300 Euros per any
pregnancy regardless of outcome, so the possible implementation of the procedure in a guideline is
under discussion by the German health authorities.

As further scientific proof for the regime of pH-measurement by the pregnant women themselves as well
as the worldwide applicability a prospectively randomized study was initiated in France in 2015 [35].

10 Conclusions for the practice

The investigated concept of pH self measurement leads to an efficient reduction of prematurity and is at
the same time a simple means for optimising and rationalising diagnosis as well as therapy. The chance
to reduce the extremly costly complications associated with prematurity with minimal expense comes
with the fact that the unmeasurable extraordinary strain on all parties involved can be reduced in a
beneficial way. Can we as physicians, health care providers and politicians take the liberty to ignore
these encouraging prospects?

11 Addendum

Aspects of the Thuringia situation 2017

The Government of the State of Thuringia had decided in 2016 to reestablish a pH selfcare screening
program similar to that of the year 2000. According to a sentinel survey at the Department of Ob/Gyn in
the central Thuringian town of Arnstadt, beginning at zero in early 2017, almost one year after its
initiation about 85% of pregnant women in the state have their vaginal pH measured, however, in
contrast to the intention and the successful campaign in 2000 the majority by their obstetricians (Figure
4).
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Figure 4: pH-measurementin 2017 (Sentinel Dept. Ob/Gyn Arnstadt)

Early preterm birth <32 + 0 wks. in the second half of the year 2017 was obviously reduced as in the
previous 2000 results (1.31 vs. 1.46% in controls, n=17,387). The same tendency was seen on the
basis of birthweights (Figure 5). This represents a substantial improvement in quality of prenatal care,
but is quantitatively falling short of the former 2,000 results, probably due to the low rate of
measurement by the women themselves that appears to be more effective by a factor of about 7
according to previous studies. In other words, in the future obstetricians should focus on the integration
of pregnant women in order to motivate them to perform self-measurement at least twice every week
instead to be measured once a month!
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Figure 5: Prevention of prematurity in the State of Thuringia 2017: Reduction of preterm birth according to

weight at birth
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Pro & contra discussion of the recent situation

The well established and investigated screening regime should be implicated in prenatal care as a step
of optimizing and rationalizing the national health care system. However, in two decades of discussion it
became obvious that the best way to inhibit progress can be to cope with problems by preferring the
most complicated medical policies under persistent renunciation of simple solutions. Would a similar
caution ever had allowed for instance handwashing according to Semmelweis? That being a 170 years
old procedure and never been tested in a scientifically controlled clinical study is free of doubt
considered as evidence-based medicine! Nowadays the term Semmelweis effect is a metaphor for the
reflex-like tendency to reject new evidence or new knowledge because it contradicts established norms,
beliefs or paradigms (Robert Anton Wilson, 1932-2007).

According to the recent literature, we have the potential means for successfully treating women with
threatening preterm birth in about 5% of cases. What has to be done? As long as we do not have
alternative safe, simple and cheap methods, intravaginal pH-measurement is the best option to detect
women at risk and in need for specific diagnostic assessment followed by efficient medical treatment,
e.g. by lactobacilli or in case of BV preferably by clindamycin before week 23. The same message was

given in other words at the 13th World Congress of Perinatal Medicine in Belgrade in October 2017.
Scientific medicine is of no good and ll=art pour li-art as long as there is no solid fundament. Care for
neonates is actually still hampered by deficits in specific medical management, however, prevention of
preterm birth is primarily a question of adequate information of all pregnant women and that for also a
political one!

So far it remains a vague hope and misunderstanding that in recent practical care worldwide prevention
of preterm birth can be substantially improved exclusively on the basis of further scientific studies and
discussion. Pregnant women as are neither objects and nor controls, as individuals they deserve rather
information and organized counseling than statistical aspects. Obstetrical knowledge and advice has to
be biased with political decisions and support, no matter by what party, in what country. Otherwise the
current dilemma of preterm birth will remain, with limited benefit and progress in prevention at extreme
costs, especially for not sufficiently informed women or in the Third World.

The political campaign in Thuringia was intended to provide specific information to pregnant women and
physicians but by no means to interfere with medical competence. Flyers and posters were designed
under this aspect repeating messages given by medical guidelines, insurance companies and similar
previous programs.

K.I.S.S. (Keep it simple, stupid) is a well known recipe for success. As the lay(wo)man being a patient
is able to monitor blood pressure or glucose himself an informed pregnant woman is competent to
perform and interpret pH-measurement i.vag. as self-screening. This effective and uncomplicated regime
should have the potential to be used by everyone everywhere. The 4th millennium goal missed in 2015
could come closer. On the other hand, any screening alternative superior to the current as challenging
replacement is desirable and more than welcome. It had to be judged by sensitivity, specificity,
compliance, costs ... and “Primum non nocere, secundum cavere, tertium sanare” (Scribonus largus,
about 50).

The Thuringia prematurity prevention campaign will be continued in 2018 with special focus on pH-
selfmeasurement. Next results should be available by mid of 2019.

12 Conclusions

e By simple means early prematurity can be possibly cut by about half.
e Pregnant women in prenatal care have to be considered also as subject.
e Efficient prevention of preterm birth is a medical as well as a political task.
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