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Malaria is one of the most important infectiousedises with high morbidity rates particularly
in young children and in pregnant women in Sub-&ahafrica. Intermittent preventive
treatment in pregnancy (IPTp) is an effective wayetduce morbidity of malaria in
pregnancy and to reduce neonatal morbidity. Sulpkiaé/pyrimethamine (SP) is the
recommended drug for IPTp in sub-Saharan AfriczaBee of increasing resistance against
SP there is a need to develop alternative drugspiace SP for IPTp. Among the most
promising candidate drugs in clinical developmestraefloquine and azithromycin. Besides
their antimalarial activity, these antimalarial gsushow significant antibacterial activity
when given as IPTp. This antibacterial activity nodfer several additional public health
benefits when used as IPTp in pregnant women. Tdegss may— besides protecting from
malaria in pregnancy - treat and prevent often teuded sexually transmitted diseases
(STDs) and urinary tract infections (UTIs).

In this thesis, three studies are presented fogusinnfectious diseases highly prevalent in
sub-Saharan Africa. In the first study, the acyiwt mefloquine and azithromycin was
assesseih vitro in comparison to sulphadoxine-pyrimethamine addiasterial pathogens
with clinical importance in pregnancy. Resultsligtstudy demonstrated that SP was highly
active agains$taphylococcus aureandStreptococcus pneumoniail tested Gram-

positive bacteria, excefnterococcus faecalisvere sensitive to azithromycin. Additionally,
azithromycin was active agairiseisseria gonorrhoeadlefloquine showed good activity
against pneumococci but lowiarvitro activity against all other tested pathogens. Tliesa
indicate that the use of azithromycin may be asdediwith most collateral benefit in curing
and preventing concomitant bacterial infections.

In the second study the impact of routine IPTp wigfloquine (MQ) and SP on
Streptococcus agalactig&BS)was evaluated. GBS is an important cause of eadyatal
infections leading to considerable morbidity and taldy. In this nested randomized
controlled clinical trial GBS colonization ratespregnant women were assessed. The overall
prevalence of recto-vaginal GBS colonization wasgarable to published findings in
industrialized countries. Demographic charactessshowed significant association between
GBS colonization and literacy. No difference of aratl GBS colonization was observed
between SP- and MQ-IPTp regimes. This finding iatks that SP-IPTp was not superior to
MQ-IPTp in preventing GBS colonization in pregnammen in Gabon.



In another analysis of the above described IPTgystilne prevalence of human herpes virus 8
(HHV-8) infections was assessed in Gabon. HHV-8¢tibn is associated with Karposi-
sarcoma, Castleman disease and other malignanttiomsdand is known to be highly
prevalent in Central Africa. In this sero-epidemgital study it was shown that 39% of
pregnant women were seropositive for HHV-8 infeciiohmong 35% of seropositive
women, real time PCR showed one pregnant womendeiictable viraemia in peripheral
blood. In analysis of cord blood samples of sersHpe women, no vertical transmission of
HHV-8 was observed.

Finally, a pharmacokinetic analysis of albendaoteghe treatment of extra-hepatic
echinococcosis is presented. Echinococcosis idyhgghvalent in sub-Saharan Africa and
medical treatment is one option in resource limgetlings. Here the ability of albendazole
and its active metabolite albendazole sulphoxideetwetrate int&chinococcus granulosus
cysts of patients with non-liver cysts was investiggl. Analysis of two patients with lung and
soft tissue cysts demonstrated a satisfactory peraet of albendazole sulphoxide into
Echinococcugysts. These data underline the usefulness of ddizerte therapy in extra-

hepatic cystic echinococcosis.



Malaria ist global gesehen eine der wichtigsteekhbnserkrankungen, die zu hoher
Morbiditat und Mortalitéat besonders unter jungemd@rn und Schwangeren im Afrika
sudlich der Sahara flihrt. Die intermittierende pridwe Therapie in der Schwangerschaft
(intermittent preventive treatment in pregnancy,dpist ein wirksames
Praventionsprogramm, um die Morbiditat der Malamider Schwangerschaft zu reduzieren.
Sulphadoxin/Pyrimethamin (SP) ist das empfohlendikéament fur IPTp in Afrika stdlich
der Sahara. Aufgrund zunehmender Resistenz gegbe<s&ht der Bedarf fur eine
Alternative zu SP. Zu den vielversprechendsten ktatdn, die sich derzeit in klinischer
Entwicklung befinden, zahlen Mefloquin und Azithrgem. Neben ihrer Wirkung gegen
Malaria zeigen diese Wirkstoffe auch eine bedewgemdibakterielle Aktivitat. Diese
antibakterielle Wirkung kdonnte bei Anwendung al$pbei Schwangeren einen zusatzlichen
Nutzen darstellen. So kénnte mit diesen Medikanrenteeben einem Schutz vor Malaria in
der Schwangerschaft - haufig unentdeckte sexuelitidgene und Harnwegsinfektionen
vorgebeugt und behandelt werden.

In dieser Arbeit werden drei Studien mit einem Foluf Infektionserkrankungen im Afrika
sudlich der Sahara vorgestellt. In der ersten $tudirde die Aktivitat von Mefloquin und
Azithromycinin vitro im Vergleich zu Sulphadoxin-Pyrimethamin gegentba&lle
Pathogene von klinischer Relevanz in der Schwanbafsuntersucht. Ergebnisse dieser
Studie zeigen, dass SP hoch aktiv gegphylococcus aurewsd Streptococcus
pneumoniaast. Alle getesteten Gram-positiven Bakterien Misnahme vorfEnterococcus
faecaliszeigten ein gutes Ansprechen Reaktion auf Azitlyom Zusatzlich zeigte
Azithromycin Aktivitat gegerNeisseria gonorrhoeadlefloquin zeigte gute Wirksamkeit
gegen Pneumokokken, aber niedrigereitro Aktivitat gegen alle anderen getesteten
Pathogene. Diese Ergebnisse weisen darauf hindeas&rwendung von Azithromycin den

umfassendsten Schutz gegen bakterielle Infektitneten konnte.

In der zweiten Studie wurde der Einfluss von IPTipMefloquin (MQ) und SP auf
Streptococcus agalactig&BS) untersucht. GBS ist eine bedeutende Ursadhetrf

neonataler Infektionen , die zu signifikanter Malibit und Mortalitat fuhren. In dieser
randomisiert-kontrollierten klinischen Studie wund#ie GBS Kolonisationsraten
schwangerer Frauen erhoben. Die Gesamt-Pravalktwevaginaler GBS-Kolonisation war
vergleichbar mit publizierten Daten aus industsialiten Landern. Die demografischen Daten



zeigten eine signifikante Assoziation zwischen G&8enisation und Alphabetisierungsrate.
Zwischen SP- und MQ-IPTp Gruppen fand sich keinetsthied in der maternalen GBS-
Kolonisation. Diese Ergebnisse zeigen, dass SP-Heider Pravention einer GBS-
Kolonisation keine Vorteile unter schwangeren FraimeGabun zeigte.

In einer weiteren Analyse der oben beschriebenedi&ivurde die Pravalenz der Infektion
mit dem humanen Herpesvirus 8 (HHV-8) in Gabun nsueht. HHV-8-Infektionen stehen in
Verbindung mit Karposi-Sarkomen, Castleman Disesskeanderen malignen Erkrankungen
und ist in Zentralafrika bekanntermaf3en hochpranalénter 35% sero-positiven Frauen
konnte mittels Real Time PCR bei einer schwangéran HHV-8 mit nachweisbarer
Viramie im peripheren Blutkreislauf nachgewiesemdea. Bei der Analyse von
Nabelschnurblut-Proben von seropositiven Frauemiekeine vertikale Ubertragung von
HV-8 beobachtet werden.

Die letzte Studie beschéftigte sich mit der medi&atiisen Therapie der Echinokokkose. Die
Echinokokkose ist in weiten Teilen Afrikas hochemigch und Albendazol ist eine
medikamenttse Therapieoption. Bisher gibt es abebeschrankt Daten zur
Zystenpenetratio von Albendazol. In dieser Studieds die Fahigkeit von Albendazol und
dessen aktivem Metaboliten Albendazol Sulphoxicgtsuicht, in Echinococcus granulosus
Zysten von Patienten mit extrahepatischen-Zystepenetrieren. Die Analyse von zwei
Patienten mit Lungen- und Weichgewebe-Zysten zeigten zufriedenstellenden Ubertritt
von Albendazol Sulphoxid in Echinococcus Zysteredai Ergebnisse unterstreichen die

Nutzlichkeit der Albendazol-Behandlung bei zystec&chinokokkose.



The main objectives of the studies presented idrdmaework of this thesis were to gain
better information regarding IPTp in sub-Saharancaf to investigate the epidemiology of
other infectious diseases during pregnancy in éineesregion and to evaluate the impact of

IPTp on infectious diseases other than malaria.

The aims were:
- To assess the anti-bacterial activity of sulphadeiyrimetamine, mefloquine and
azithromycin against common Gram-positive and Gregative bacteria in vitro.
- To evaluate the efficacy of IPTp drugs against GB®nization and to describe the
prevalence of GBS colonization in pregnant womemeadg to IPTp in Gabon.
- To review the epidemiology and management of GiBUptreptococcal colonization
during pregnancy in African country Gabon

- To describe the prevalence of HHV-8 infection iegmant women in Gabon

Another attempt was made to assess the abilitibehdazole and its active metabolite
albendazole sulphoxide to penetrate into cystsvofgatients with extra-hepatit.

granulosuscysts — a zoonosis highly prevalent in some regadsrica.
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Malaria is an infectious disease caused by thesgaRlasmodiumHumans are intermediate
hosts and mosquitoes the definitive hosts. In 188)French scientist “Alphonse Laveran”
was the first to describe that the single-celledggitde from the genuRlasmodiunas the
causative agent of malaria. Malaria is a major jpulalth problem in tropical and sub-
tropical areas of the world, where it affects roitis of people. According to the “World
Health Organization (WHO)” an estimated 207 millcases of malaria occurring in 2012 led
to 627.000 deaths. Ninety percent of these deattisron sub-Saharan Africa, mostly among
children younger than five. Pregnant women, peuwjiile HIV/AIDS, and international
travelers are additional risk groups [1].

There are numerous Plasmodium species that pradalzgia in various animals’ species.
However, six species commonly infect humans [2-4].

1. Plasmodium falciparums by far the deadliest of the human malarial Ezed®.
falciparuminfections may lead to severe diseases with pssgre anemia, cerebral
malaria, and other organ dysfunctions.

2. Plasmodium vivaxs the geographically most widespread speciesiamcditionally
thought to produce fewer complications. Howefervivax may lead to respiratory
distress and relapses leading to debilitating spmpt

3. Plasmodium malariaénfections not only produce typical malaria symp#obut also
can persist in the blood for very long periods, silnly decades, without ever
producing symptoms.

4. Plasmodium ovaleause fewer cases and less severe forms of thasdisRecently
the P. ovalespecies complex was further subdivided iRtoovale wallikeriand P.

ovale curtisi

In recent years, some human malaria cases haveredauithPlasmodium knowlest a

species that causes malaria certain monkeys irhSfagt Asia [1].
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Figure 1: Morphological diferences between humé{Plasmodiumspecies in blooc

smear.

In 1900s, Ronald Ross andbfessor Grassdiscovered independently ttAnopheles
mosquitoes are responsible transmitting malaria [3, 4]The intensity atransmissior
depends on factors associgwith the parasites, the vector, the humanrt and the

environment [1].
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Figure 2: AnophelesMosquito

The life cycle of all malaria’pes are similar. When an infected femrAnophele mosquito
bites a human, the infectioorm of the malaria parasite, so called spoite, are injected
into the human bloodstreamrough the saliva of éAnophelesnosquito. They
consecutively enter hepatoes, where they transform into schizonts atart to multiply. If
the hepatocyte ruptures, thiood stage parasites, known as mettes, ae released. Eau
merozoite invades a red bld cell and multiplies into more merozoitesschizont red bloo

cell ruptures and releases re merozoites. This stage of life cycle cauthe disease. Sor



merozoites develop into thexual form, thgametocytes, which do notwse disease b
circulate in the bloodstreamwaiting the bite of a blo-seeking femalé&nopheleimosquito
[2-4].

cells (KBU)

Figure 3: The Life Cycle of Maria Parasite:

In the mosquito's stomach male" gametocyte fertilizes a "female” to n an egg, or oocys
which matures into thousanr of sporozoites thatove to the mosquito'salivary glands to b
injected into a human host ring the next bit{2-4].

The symptoms of malarappear 1-16 days after the infectious mosqubite. The symptom
are cyclical fever, shiveringieadache, malaise, fatigue, muscular paiccasionally nause
vomiting, and diarrhea. If thpatients are not treated within 24 hoP. felciparurr malaria
can cause severe illness thhay lead to death. The malaria attacks caeat at regular tinmr
periods, like every 2 days fé. vivay andP. ovale every 3 days foP. mélariae. In case of
infection byP. falciparum fevers usually do not recin a regular pattern.

The gold standard of malardiagnosis is still the blood smear. A “thicihear” is made t
establish the diagnosis andantify the parasite burden, a “thin smear’ws the diagnosi
of the species. Alternativelyapid diagnostitests can also be used for qualitative
diagnosis of malaria. Early :atment of malaria disease is essential arvents deaths. Tt
best available treatment foncomplicate(P. falciparummalaria is artensinin-based
combination therapy (ACT)iclucing artemether plus lumefantrine, artnate plus

amodiaquine, artesunate plmefloquine, or artesunate plus sulfado-pyrimethamine[1].



The second line of recommended treatment is aréésyoius tetracycline, quinine plus
tetracycline or doxycycline or clindamycin. Antiraahkl treatment for uncomplicated P.
vivax infection is chloroquine combined with primae [5].

Malarial infection during pregnancy is a huge palblealth problems, associated with low
birth-weight [6-8], pre-term delivery [9] and matet anaemia [10] and leads therefore to
increased maternal, perinatal, and neonatal maytadid mortality in pregnancy and
puerperium in sub-Saharan Africa [11, 12].

WHO recommends the use of IPTp with sulfadoxindgmgthamine (SP-IPTp) to reduce
adverse health outcomes for pregnant women anddfisprings [13, 14]. However, due to
an increasing rate of drug resistanc®asmodium falciparunagainst SP, alternative
antimalarial drugs have been evaluated for potemsi@ as IPTp [15]. An ideal anti-malarial
drug or drug combination for IPTp should be safell wolerated, and efficacious in the
clearance of malaria parasites and provide a lengg of chemoprotection. These drugs
include amodiaquine, azithromycin, mefloquine, anthbinations of these drugs with

artemisinin derivatives or chloroquine [16, 17].

Sulphadoxine (C12H14N404S) is a sulfonamide withodegular weight of 310;3t is

soluble in water. Sulphadoxine is rapidly absorfveth the gastrointestinal tract. The
elimination half-time (T,2) is 4 to 9 days. Sulphadoxine is about 94% boundatsnma
proteins. It is widely distributed to body tissue® fluids, passes into the foetal circulation
and is detectable in breast milk. The side effet®ulphadoxine are similar to other
sulfonamides. The most important adverse effealiésgic reaction to the compound; these
hypersensivity reactions may affect different orggstems. The symptoms can be severe
and include pruritus, photosensitivity reactiondpbative dermatitis, erythema nodosum,
toxic epidermal necrolysis and Stevens-Johnson symel[18]. Other adverse effects include
nausea, vomiting, anorexia, diarrhoea, fever, atetstitial nephritis, a syndrome resembling
serum sickness, hepatitis, myocarditis, pulmonasjr®philia, fibrosing alveolitis, peripheral

neuropathy and systemic vasculitis.

Pyrimethamine (C12H13CIN4) is a diaminopyrimidinghaa molecular weight of 248.7,

used in combination with a sulfonamide, usuallypkaldoxine, or dapsone. Pyrimethamine is



well absorbed. The eliminan halttime in healthy adults is between 21 6 days. It i
mainly concentrated in the Ineys, lungs, liver and spleen, and abo—90% is bound t
plasma proteins. Pyrimethane is generally well tolerated. Hever, higl dosage can cau
gastrointestinal symptoms ¢h as atrophic glossitis, abdominal pain aomiting,
haematological effects incling megaloblastic anaemia, leukopenia, tibocytopenia an

pancytopenia, and central rvous system effects sucl headache and ziness.
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Figure 4: Sulfadoxine/pyrimetimine— antimalarial drug combination

A single treatment of the cdbination pyrimethamir-sulphadoxine is thie tablets for a
adult; equivalent to 1.25 m¢g pyrimethamine and 25 mg/kg sulphadc. Following
current recommendations cae WHOIPTp shall be provided iat least Zreatment dses of

SP given from the"™ trimestsr onwards, given at least one month a[19]

Azithromycin (G7H72N2012) is a slov-acting anti-malarial macrolide [2( The eliminatior
half time is 68 hours; azithrnycin accumulatein hepatic, renal, pulmoiry and spleni

tissue [21) and gradually leches into the bloodstream over a period & weekf22].
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Figure 5: Azithromycin



In pregnant women, serumncentrations peak within six hours of oraministration and ar
sustained for 24 hours. As 1 drug disperses, peak concentrations aratained thre-times
longer in the placenta, myo:trial and adipose tissu[23]; only 2.6% of \ maternal dost
however, perfuse the place [24]. Azithromycin is excreted in human k with no adverse
events observed as a consence[25]. Azithromycin targets the 70S ricomal subunit of th
apical canplex of susceptiblmicrc-organisms including. falciparumand P. vivax[22].
Azithromycin (5002000mg) s used as an antibiotic during the pregnéfor upper and lowe
respiratory infections and si diseases. Side effects of azithromycin irilts arediarrhoea
or loose stools (7% nauseas>%), vomiting (2%), and vaginitis (2%); udo 1% of adult:

experience dizziness, heade, vertigo, and somnolen[26].

Mefloquine is a 4methanolqinoline and is related to quinine. It is slov but well absorbec
It has a terminal eliminationalf-life of approximately 24 weeks, and diributes into tissue
erythrocytes, and urine. Tholumeof distribution (Vd) ranges betweedL/kg in adults an
11,95L/kg in children 84 months of age. Mefloquine is excreted in sramounts in breas
milk. It has a long eliminatic haltlife of around 21 days, which is shoned in malaria -
about 14 days [27-29].

Mefloguine
CypHlyeF T4 O

Figure 6: Mefloquine

Adverse effects are nauseamiting, abdominal pain, anorexdiarrhoeaheadache
dizziness, loss of balance, iphoria, somnolence and sleep disordersibly insomnia ani
abnormal dreams [30-33Dther side effects reported rarely incliskin rashes, pruritus ar
urticaria, hair loss, muscle \akness, liver function disturbances and varely

thrombocytopenia and leucenia
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IPTp aims to reduce the burden of malaria by adstening treatment doses of antimalarial
drugs. Besides antiplasmodial activity, SP, mefloguand azithromycin have proven
antibacterial activity. The bactericidal activitytblese drugs when used as IPTp in pregnant
women may offer several additional public healthdjgs.

Sulphadoxine/Pyrimethaminis an antifolate antibiotic, which has an anttkeaal activity

againstStreptococcus pneumonjggtaphylococcus aureuandEscherichia colitherefore it
is an important treatment in urinary tract, skin aoft tissue infections [34, 35].
Azithromycin was shown to be effective against bacteria cguséxually transmitted
diseases lik&leisseria gonorrhef36] andChlamydia trachomatig37]. Since 1999, it has
been used for chemoprophylactic (1,000 mg) anctiseré2,000 mg) treatment against
syphilis. Azithromycin is also sensitive agaiSsteptococcus pneumoriizs].

Mefloquine was demonstrated that it has an antibacterialipctigainst Gram-positive
bacteria, including staphylococci, pneumococci antgrococci. However it exerted weaker

activity against Gram negative bacteria and ygda&8is
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Group BStreptococcu$GBS), also known aStreptococcus agalactiaes best known as a
cause of postpartum infection and as the most cangaose of neonatal seps$.
agalactiaeis a Gram-positive bacterium with a narrow zonbeth haemolysis. The
virulence ofS. agalactiaes related to the polysaccharide toxin it produdesnunity is
mediated by antibodies to the capsular polysacdbanmd is serotype-specific. Several

serotypes are known: la, Ib, Ic, II, llI, 1V, V, WII, and VIII.

S. agalactiaenfection is extremely rare in healthy individualsd is associated with
following underlying diseases: diabetes mellituglignancy [40], cardiovascular and
genitourinary abnormalities, neurologic deficitsrlwosis, steroid use, AIDS, renal
dysfunction, and peripheral vascular disease [@igup B streptococci are found commonly
in the vaginal and gastrointestinal tract and Hasen found to colonize the urethra in both
men and women without causing infection. GrouprBmbcocci can also colonize the upper
respiratory tract. Urinary tract infections arecenenon manifestation of group B
streptococcal disease and are observed in botimgmégnd non-pregnant adults. Other



presentations of group B streptococcal infectiaiude pneumonia, skin and soft-tissue
infections, septic arthritis, osteomyelitis, meniisy peritonitis, and endo-ophthalmitis [42].
Neonates can be infected by the organism vertigalistero or during delivery from the
maternal genital tract. Although the transmissiate from mothers colonized wigh
agalactiaeto neonates delivered vaginally is approximateB656nly 1-2% of colonized
neonates go on to develop invasive group B strepttad disease [43Neonatal group B
streptococcal disease is divided into early arel déggease. Early onset disease presents within
the first 7 days of life. Late onset disease isngef as infection that presents between one
week postpartum and age 3 months. Early onsetadaahset diseases commonly include
sepsis, pneumonia and meningitis. The preventignoup B streptococcal infection in
pregnancy requires intra-partum antimicrobial psdakis in term women with culture
evidence of recent vaginal or rectal group B streptcal infection [44]. Penicillin or
ampicillin is the initial approach. However, sorselates have shown minimum inhibitory
concentrations (MICs) approaching the upper lioftsusceptibility for some of the beta-
lactam agents [45]. Clindamycin and erythromycia standard in individuals with penicillin

allergy.
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TheHerpesvirineadamily is subdivided into three subfamilies: #ipha- Beta; and
Gammaherpesvirinedduman Herpes Virus 8 (HHV-8) is a membeGaEmmahepesvirinea
The Gammaherpesvirinesubfamily contains two genera (a classificatiologely related
viruses) that include both the gamma-LpmphocryptovirugLCV) and the gamma-2 or
RhadinovirugRDV) virus genera. HHV-8 is the only RDV discovéii@ humans and shows
typical herpesvirus morphology with a central idesdral capsid surrounded by a lipid
bilayer [46, 47]. The capsid is composed of fdunctural proteins and three of them have
significant homologies to alpha- and beta-herpasses. The analysis of the open reading
frames K1 and K15 led to the identification of sixal subtypes (A, B, C, D, E and N) with
marked clustering to geographic regions [48, 49HV-8 infects several cell types, usually as
a latent form. Lytic replication can take placélood and tissues from Kaposi’'s sarcoma and
multicentric Castleman’s disease. The virus calatently maintained in B lymphocytes and

monocytes which may serve as a reservoir [50].

Human herpes virus 8 (HHV-8) — also known as Kdpa@sircoma associated herpes virus
(KSHV) — is the infectious agent causing Kaposaecema [51-56], primary effusion



lymphoma [57], and multicentric Castleman's dis¢a8¢ HHV-8 transmission is thought to
occur primarily by sexual contact [52, 59, 60]. Hawer, the high seroprevalence rates in
children living in Africa and the Western and Easti®lediterranean countries [61-64]

suggest other epidemiologically relevant routegaismission.

The serologic prevalence of HHV-8 infection hasrbegplored in most continents worldwide
and in different populations at different levelsigk for HHV-8 infection. The prevalence

rates varied depending on the geographic origth®fera tested and the specific tests used to
determine these prevalences; in particular, ther® also a remarkable difference between the

prevalence of antibodies against latent form ansge lytic antigens.
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Echinococcosis is a parasitic disease caused Hgrved stage of tapeworms of the genus
Echinococcusilt is a zoonosis highly prevalent in many pafté&ica.[65] There are two
important sorts of diseases, which differ in préagon, behaviour and clinical management.

1. Alveolar echinococcosis is caused Ichinococcus multilocularjsin which a
multiversiculated tumour forms, mainly in the livefhe asymptomatic incubation
period is 5 to 15 years. Serological tests are fuklipr diagnosis. However, the
diagnosis is challenging and experience of climsjaradiologist, and microbiologist
are important for the first diagnosis. Lack of agraass of the disease often leads to
misinterpretation of findings.

2. Cystic echinococcosis is caused Bghinococcus granulosu# which fluid filled
cysts develop mainly in the liver and lung. Theuipation period may take just as long
as in the case of alveolar echinococcosis. Thetgpemf symptoms depends on the
following:
involved organs
size of cysts and their sites within the affecteghoror organs
interaction between the expanding cysts and adjargan structures, particularly bile
ducts and the vascular system of the liver
complications caused by rupture of cysts
bacterial infection of cysts and spread of protdsesl and larval material into bile
ducts or blood vessels
immunologic reactions such as asthma, anaphylaxisnembranous nephropathy

secondary to release of antigenic material
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The adultt. granulosuss 3 to 6 mm long and lives in the small intestiof canines.

Figure 7: Echinococcus granusus adult wort

Adult worms live in the bowls of the definitive hosts and are passed eces. The eggs ¢
ingested by humans or othatermediated hosuch as sheep, horses, (s, rodents an
others. When ingested, the3s hatch and penetrate the intestinal wall the blood strean
they are carried to various @ns; liver (75%), lung (25%) and other ons (6%) like the
brain, heart, kidney and ga&n. There, s-called hydatic cystare formed)y the larval stag
of the tape wormThis cyst ellarges gradually, produciprotoscolicesProtoscolice:

ingested by definitive hostsvaginate and attach to small intestine, withey grow into th

adult worm within 3280 day:.
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Figure 8: E. granulosus Life Cle
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Diagnosis There are several different serological methodsiétecting antibodies. Among
these, indirect haemagglutination (IHA), indirdaioirescent antibody (IFA) tests and enzyme
immunoassay (ElA) are the most sensitive methoelssiBvity rates of these methods range
from 60% to 90%. IHA test and enzyme-linked immussagy are the most widely used
methods for detection of arfiehinococcus Ig@ntibodies. Positive reactions in these
methods usually have to be confirmed by a moreispatethod, such as a Western Blot

(WB) for example.

Besides serological methods, medical imaging isiatut the diagnosis of human
echinococcosis. Ultrasonography is a safe, nonsireaand cheap method for detecting and
monitoring cysts in solid organs, especially tiveli[66].

In 2003, the World Health Organization proposetieamdardized ultrasound classification
based on the active-transitional-inactive statubhefcyst as suggested by its sonographic
appearance [67]. Computed tomography and magresimance imaging are useful for other
sites, such as rare cardiac lesions for example f8jple X-ray can be useful for cysts in the
lungs, bone, and muscle and for detecting calctfiesds.

Treatment Mebendazole and albendazole are effective drggsst cystic echinococcosis.

Both drugs are well tolerated but have differeficaty. Albendazole is more effective than

mebendazole in the treatment of liver cysts. Thee aate ofE. granulosusinfection

treatment with albendazole varies from 40% to 5@wration of therapy and doses are
important. Before the introduction of antihelmimidrugs the first choice of treatment for

echinococcosis was surgery. However, surgery & atsociated with mortality (up to 2%),

morbidity [69] and recurrence rates (2-25%) [70].
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Mueller Hinton broth, Merck KGaA, Darmstadt, Gerrmgan
New York City agar, HiMedia™ Laboratories Pvt Litddia
Chocolate agar, Becton Dickinson GmbH, Heidelb&grmany
Columbia broth base, Becton Dickinson GmbH, HeidelbGermany
Neopeptone, Becton Dickinson GmbH, Heidelberg, Gemyn
Agarose, Sigma-Aldrich, Seelze, Germany

Haematin solution, Sigma-Aldrich, Seelze, Germany
Tween, Sigma-Aldrich, Seelze, Germany

Pyridoxal solution, Sigma-Aldrich, Seelze, Germany

Amies transport medium, eSwab, Copan Diagnosticssdia, It.
Lim Broth, Becton Dickinson, Germany

Granada agar, Becton Dickinson, Germany

SYBR Green |, Roche Diagnostic GmbH, Mannheim, Garyn
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Escherichia coliClinical Isolate and American Type Culture Cdlies (ATCC) strain
Enterococcus faecali€linical Isolate and American Type Culture Cadllen (ATCC) strain
Neisseria gonorrhoea&linical Isolate and American Type Culture Colies (ATCC) strain
Stahphylococcus aureu§linical Isolate and American Type Culture Calien (ATCC)
strain

Streptococcus agalactia€linical Isolate and American Type Culture Calies (ATCC)
strain

Mefloquine, Sigma-Aldrich, Seelze, Germany

Sulfadoxine/pyrimethamine, Sigma-Aldrich, Seelzeri@any

Azithromycin, Sigma-Aldrich, Seelze, Germany

Albendazole and Albendazole/Sulfoxide, Sigma-Aldyri8eelze, Germany
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“UltiMate 3000” system, Dionex, Sunnyvale, CA

“Hypersil BDS-C18 column”, Thermo Fisher Scientifitvaltham, MA
“Anaerobic chamber”, BugBox, LedTechno, Heusdeid&q B.

“QIAamp tissue kit”, Qiagen, Bechman Instruments, ldS

“*KSHV/HHV-8 IgG IFA Kit”, Advanced Biotechnologiebic, Columbia, US
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- The minimal inhibitory concentrations (MIC) of medjuine, azithromycin, and SP
were examined against the following bacterial pagimsg
a. Escherichia coli
b. Enterococcus faecalis
c. Neisseria gonorrhoeae
d. Staphylococcus aureus
e. Group B beta-hemolytic streptococci; iStreptococcus agalactiae
- Bacteria were grown overnight at 37°C in Muellentdn broth with or without 2-5%
horseblood.
- Neisseria gonorrhoeawas incubated overnight at 35°C in an atmosphentaming
5% CO2 on New York City agar and chocolate agar.
- Drugs were obtained from Sigma-Aldrich (Seelze,@@ry) and were dissolved and
diluted (1:2) to stock solutions.
- Fastidious broth medium was prepared and consisted:
o0 35 g Columbia broth base,
5 g glucose,
5 g yeast extract,
2 g neopeptone,
0.75 g agarose dissolved in 960 ml of distilledexgt 1].
A total of 30 ml haematin solution (0.05% [wt/vah] 0.1 M NaOH) and 5 ml
Tween 80 (10% [wt/vol]) was then added.
- The resultant broth was sterilized by autoclaving & ml of pyridoxal solution (0.1%
[wt/vol]) and 1.5 ml of NAD solution (1% wt/vol) we added.

o O O O O
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MICs were determined by using a standard micradiutassay with a bacterial
turbidity of 0.5 McFarland (Clinical and Laboratoigtandards Institute (CLSI)
guidelines).

The bacterial density was approximately O&FU/ml.

The 96-well plates were incubated for 24 h at 36f@ moist atmosphere containing
5% CO2.

Positive control wells contained microorganismsheitt antibiotics.

All tests were performed in duplicate and MICs wengorted as arithmetic means.

%

CLSI consensus cut off levels were used for theegmization of anti-bacterial
activity. CLSI recommendation :

o Cut off levels for azithromycin; classification aensitive, intermediate and
resistant:

S. aureus 2 g/ml, >2 -<8 g/ml, 8 g/mi;
S. pneumoniandS.agalactiae 0.5 g/ml, >0.5-<2 g/ml, 2 g/ml.
N. gonorrhoeae; due to CLSI recommendations and the European
committee on anti-microbial susceptibility testifif)JCAST);
0.25 g/ml; >0.25 g/ml- 0.5 g/ml; >0.5 g/ml

E. coli and Enterococcusno cut off levels by CLSI and EUCAST,
therefore the cut off levels &. aureuswere used: 2 g/ml, >2 - <8

g/ml, 8 g/ml for susceptible, intermediate and resistant,
respectively.

o Sulfadoxine/Pyrimethamine: No recommendations arailable for SP by
CLSI or EUCAST. Therefore, CLSI and EUCAST cut d#vels for
trimethoprim-  sulfamethoxazole - due to comparabéti-bacterial
pharmacodynamics in the class of antifolate antidsoand similar molecular
weights for trimethoprim and pyrimethamine (290 &b, respectively) -
were used. The CLSI cut off levels for classifioatas sensitive, intermediate
and resistant are the following:

S. aureusandE.coli: 2 g/ml;>2-<4 g/ml; 4 g/ml,
S. pneumonia 0.5 g/ml;>0.5-<4 g/ml; 4 g/ml.
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0 The EUCAST cut off levels for SP (trimethoprim/pyethamine):
S.agalactiae 1 g/ml; >1- 2 g/ml;>2 g/ml,
E. faecalis<0.03 g/ml; 0.03 g/ml- 1 g/ml,>1 g/ml
For mefloquine: No recommendations are availableCh$l or EUCAST, therefore
the threshold of drug resistance was set considesrradable pharmacokinetic data in
human patients and published in vitro inhibitoryncentrations against Plasmodium
falciparum [72-78]. Thus, the threshold for drugistance was 0.265g/ml for

mefloquine.
&

Study participants:Pregnant women participating in a multicenter gtedaluating
alternative drugs for intermittent preventive treanht of malaria in pregnancy
(MIPPAD: “Evaluation of the safety and efficacy afefloquine as intermittent
preventive treatment of malaria in pregnancy (IPWET 00811421).”) were invited
to participate in this study.

Research ethicThe study was approved by the institutional ethessew board, and
written informed consent was obtained from HIV-niaga pregnant women
permanently residing in the study area with a destal age at the first visit of 28
weeks. Exclusion criteria included known allergythe study drugs, known clinical
history of severe renal, hepatic, psychiatric ourolgical diseases or antimalarial
treatment in the preceding 4 weeks. After the stdelails had been explained and
informed consent had been signed, participants wg&ren a study number and

randomized to SP or mefloquine IPTp

o Detection of group B streptococcus colonization

- The swabs were taken from the cervix and rectally fr667 women at
delivery.

- All samples were collected using nylon flocked ssvdlbat were submerged
into 1 ml of liquid Amies transport medium.

- A total of 200ul of the transport medium of eachtlod cervical/rectal swabs
was inoculated into 5 ml of Lim Broth (Todd-Hewfitoth, 1% yeast extract,
15 g nalidixic acid/ml and 10 g colistin/ml) [79], which is selective for

Gram positive bacteria.
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This culture was incubated under aerobic conditain37 °C for 24 hours and
then sub-cultured for 24h on Granada agar [80] at@7in an anaerobic
chamber.

Granada agar was examined for yellow-orange pigroeloinies that confirm
the presence of GBS.

The statistical analysis was performed with a conerak software package
(JMP 5.0, SAS Institute Inc., NC)

**+

o Study Participants: Pregnant women participating in a multicentre gtdior the

preventive treatment of malaria in pregnancy (MIBPAEvaluation of the safety and

efficacy of Mefloquine as Intermittent preventivedtment of malaria in pregnancy
(IPTp) (NCT 00811421).”) were invited to participah this study.
0 Research ethicThe study was granted ethical approval by thetiiginal Review

Board of the Centre de Recherches Médicales de ammb at the Albert Schweitzer

Hospital in Gabon.

o Sample collection:

Blood samples from mother-child pairs were obtairegd delivery after
provision of informed consent.

Two millilitre of maternal peripheral blood was albited together with a
biopsy from the maternal side of the placenta.

After delivery cord blood and a biopsy from the thdeside were collected.
Whole blood and placental biopsies were used fer detection of virus
specific DNA by PCR.

o Serological detection of HHVS:

Blood samples were centrifuged at 2500 rpm for 1ffutes to remove plasma
for the detection of specific antibody directed iagalatent nuclear antigen
(LANA) of HHV-8.

Plasma samples were tested at a 1/20 dilutionhi®HHV-8-specific 1gG by
an indirect immunofluorescence assay [81] followimgtructions by the

manufacturer.



- Specific HHV-8 antibodies binding to the antigeegent in infected cells were
visualized after incubation with Fluorescein Isottyanate (FITC) under a

fluorescence microscope.

o Detection of HHV8 by PCR:

- DNA was extracted from maternal and cord blood pladental biopsies using
QIAamp tissue Kkit.
- DNA extracts were further assays by PCR using tightCycler® arousel-
based system.
- Amplification was carried out in a 15ul PCR mastex containing:
10pmol/ul of each primers specific for ORF25 redi8],
3mM of MgCI2, 1x Lightcycler® LightCycler® FastStdbNA Master
SYBR Green |.
and 1,5ul of DNA.
- After an initial 10-min denaturation at 95°C, 5(cles were run for 10 sec at
95°C,; for 5 sec at 65°C and for 22 sec at 72°Csé&loycles were followed by
a 15 sec melting at 65°C and 30 sec cooling at 40°C
- Each PCR sample (15ul) was analyzed by electroplwomn a 2 % Agarose
gel, and the bands were visualized by ethidium lferataining.
- Data were recorded on paper record forms. An adailsoftware package was
used for statistical analysis (JMP 7.0, SAS Ingtifat., NC).

Venous blood samples for drug analysis were takem ftwo patients before

albendazole intake and during the intervention.

Concentrations of albendazole and albendazole sxigé in plasma and cyst fluid

were measured by a validated high performance digehiromatographic (HPLC)

method using an “UltiMate 3000” system (Dionex, Bywale, CA).

Separation of albendazole sulphoxide was carriedusing a Hypersil BDS-C18

column (Thermo Fisher Scientific, Waltham, MA) wit#n acetic acid/methanol

mobile phase.

The limit of quantification for albendazole and albdazole sulphoxide was 0.063 and
0.072 g/ml, respectively.

Coefficients of accuracy and precision for both poomds were < 8



The bacterial isolates were sub-cultured after thgyrior to susceptibility assays (n = 34).
Median MIC values of SP against Gram-positive bi#teere as follows:

- S.aureus 16g/ml,

- S. agalactiae 24g/ml,

- S. pneumoniae 4g/ml, and E. faecalis 129/ml.
However, the MIC values of SP against Gram negditacteria were considerably higher:

- N. gonorrhoeae 256ug/ml

- E.coli 128 pg/ml
SP showed high or intermediate activity againstesiied Gram-positive bacteria, whereas E.
coli andN. gonorrhoeaavere classified as resistant to SP (Table 1 afdeT2).

Table 1: Median minimal inhibitory concentrations (MIC) aftamalarial drugs against
Gram-positive and Gram-negative bacteria.

Microorganisms Median Minimal Inhibitory Concentrat ion ( g/ml)
Sulphadoxine/Pyrimethamine| Mefloquine | Azithromycin
S. aureugn = 5) 16 16 0.5
S. agalactiagn = 4) 24 16 0.06
S. pneumoniaén = 5) 4 0.06 0.01
E. faecalis(h = 5) 12 16 4
N. gonorrhoeaén = 10) 256 8 0.01
E. coli(n =5) 128 128 4

Thresholds for drug resistance:
Mefloquine: sensitive: 0.265 g/ml;
Sulphadoxine/Pyrimethamine (threshold based oridraal pyrimethamine concentration in 1:20
combination): sensitive, intermediate, resistant,
- S.aureuandE.coli 2 g/ml;>2-<4 g/ml; 4 g/ml,
- S.pneumonia 0.5 g/ml;>0.5-<4 g/ml; 4 g/ml,
- S.agalactiae 1 g/ml;>1- 2 g/ml;>2 g/ml,
- E.faecalis 0.03 g/ml; 0.03- 1 g/ml;>1 g/ml.
Azithromycin: sensitive, intermediate, resistant
- S. aureusE. coliandE. faecalis 2 g/ml,>2-<8 g/ml, 8 g/mi;
- S. pneumoniandS. agalactiae 0.5 g/ml, >0.5-<2g/ml, 2 g/ml;
- N. gonorrhoeae 0.25 g/ml; >0.25 g/ml- 0.5 g/ml; >0.5 g/mi;



All bacterial isolates were assessed for their itrovidrug susceptibility against

mefloquine. The MIC values of mefloquine against@rpositive and Gram negative

bacteria were as followed:

- S.aureud6 g/ml,

- S. agalactiael6 g/ml,

- S. pneumoniaB.06 g/ml,

- E. faecalisl6 g/ml,

- N. gonorrhoead g/ml

- E.colil28 pg/mi
Based on these dafa pneumoniavas classified as sensitive, wher&agsureusS.
agalactiaeg E. faecalisN. gonorrhoeagandE. coli as resistant to the in vitro activity of
mefloquine (Table 1 and Table 2).
In vitro anti-bacterial activity of azithromycin againstcherial isolates was as followed:

- S.aureud.5 g/ml,

- S. agalactia®.06 g/ml,

- S. pneumonia8.01 g/ml,

- E. faecalis4 g/ml,

- N. gonorrhoea®.01 g/ml

- E.coli4 pg/mi4
Median MIC values of azithromycin showed thatgonorrhoeagS. aureusS. agalactiae
andS. pneumonigvere sensitive to Azithromycin. The activity of Azmiomycin againsk.
faecaliswas weakE. coli showed intermediate drug susceptibility againgheamycin
(Table 1 and Table 2).

Table 2: In vitro anti-bacterial activity of sulphadoxinemyethamine, mefloquine, and
azithromycin.

Sulphadoxine/Pyrimethamine| Mefloquine | Azithromycin
S. aureus + - +
S. agalactiae ~ - +
S. pneumoniae + + +
E. faecalis ~ - ~I-
N. gonorrhoeae - - +
E. coli - - ~

Insufficientin vitro activity; ~ intermediatén vitro activity; + goodin vitro activity
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During the study period, 557 pregnant women pgdia in this sub-study and recto-vaginal
swabs were taken. 346 participants had previoeslgived mefloquine as IPTp and 186 were
in the SP group. Baseline characteristics of padits including age, gravidity, anaemia, and
literacy as well as delivery outcomes and birthghiedf infants were collected and analysed.

Table 1 Baseline Characteristic of Participants

Total Percent of Group B Streptococcal Relative Risk (95%
Colonization Confidence Interval)
N
Positive (%) Negative (%)
Age, years
14-17 77 18 82 1
18-20 138 15 85 0.80 (0.38-1.69)
21-24 116 22 78 1.3 (0.63-2.68)
25-30 112 21 79 1.22 (0.59-2.56)
31-49 114 22 78 1.26 (0.61-2.62)
Literacy
yes 441 17 83 1
no 116 31 69 2.23 (1.40-3.56)
Gravidity
primigravida 131 13 87 1
sekundigravida 198 18 82 1.43 (0.77-2.70)
multigravida 228 25 75 2.28 (1.26-4.12)
Anaemia
no 155 21 79 -
moderate 393 19 81 -
severe 5 20 80 -
Rapid plasma regain (RPR)
positive 7 14 86 -
negative 535 19 81 -
Study drugs (IPTp)
MQ 346 19 81 1
SP 186 22 78 1.28 (0.83-1.98)
Delivery- outcome
Live Birth 536 19 81 1
Stillbirth 14 14 86 0.69 (0.15-3.14)
Spontenous abortion 5 40 60 6.23 (1.02-37.7)
Birth weight- infants
Normal birth weight 452 20 80 1
Low birth weight 90 14 86 0.66 (0.35-1.25)




The prevalence of GBS colonization at delivery @8% (110 of 557 participants). Risk
factor analysis showed significant associationgsvbeh GBS colonization and literacy of the
pregnant women with prevalence rates of 31% (95% CH0-3.56); and 17% (95% Cl= 1)
in illiterate and literate women, respectively. plontantly, 5 out of 557 pregnancies ended as
spontaneous abortion, with 3 in GBS colonized woi@&%6 Cl = 1.02-37.7) and 2 in non-
colonized women (95% CI = 0.15-3.14). The occuresmate of spontaneous abortion for
GBS positive and GBS negative patients were 6020%, respectively.

Analysis of GBS colonization rates in the two IPTpups showed prevalence of 18% (MQ
group) and 22% (SP group), respectively, indicatiogsignificant difference between IPTp
regimens. Similarly there was no difference in GB&valence at delivery in MQ full dose
and split dose groups.

Table 2 GBS colonization and IPTp groups

Total Group B Streptococcal Colonization

Positive Nége
N N % N %

Mefloguine (MQ)

MQ Full dose 192/557 34 19 158 34

MQ Split dose 179/557 34 18 145 32
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From May 2010 to October 2011, 366 pregnant womere\serologically tested for HHV-8
infection. Ninety-eight cord blood samples fromcgmErsitive women were collected for
serological testing and 76 mother-child pairs waarailable for PCR analysis.
Baseline characteristics of all study participamése age (median 24 years), literacy,
gravidity (median 2), and birth weight of infanta€dian 3000g). Forty-five patients were
below 18 years old (36%), 299 patients were ab@&vgehrs old (35%), and data of 22 were
missing. Thirty-three percent of study participamase the first gravidity. 143 pregnant
women (39%) tested positive in the serologic asEhgre were no significant differences
between illiterate (29%) participants and litenaagticipants (36%). There was also no
difference in HHV-8 sero-positivity between patepregnant for the second time or those
for the third or more times (38% vs. 35%). Sixtyetimfants were born with low birth weight;
however, low birth weight was not correlated witH¥4-8 infection (Table 1).
The cord bloods of infants of HHV8-positive mothemsre tested. Thirty percent (30/98)
were HHV-8 seropositive. No cord bloods of infaotseronegative mothers were tested.
Seventy-six mother-child pairs were available f@RPanalysis. In only one mother blood
sample was HHV-8 specific DNA sequences detectddthAer samples were found to be
negative.

Table 1: Baseline Characteristics of Study Participnts

Total Percent of HHV8 Infection
N Positive (%) Negative (%)
Age, years
14-17 45 36 64
18-20 92 37 63
21-24 72 31 69
25-30 67 39 61
31-49 68 32 68
Literacy
yes 282 36 64
no 62 29 71
Gravidity
primigravida 86 33 67
sekundigravida 128 37 63
multigravida 130 35 65
Birth weight- infants
Normal birth weight 276 35 65
Low birth weight 64 32 67
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A 60-year-old woman of Turkish origin (Patient Aycaa 30-year old Turkish citizen (Patient
B) were participated in this study. Patient A hagstic lesion in the proximallusculus
satoriusof 7.5 cm diameter and patient B had a distingbiegiral effusion on the right side of
the lung with transgression of the diaphragm. Buzttients were treated with 400 mg
albendazole to be taken twice daily with a fattyaifer 5 and 4 days before surgical removal,
respectively.
Albendazol sulphoxide concentrations were measimrgthsma and in cystic fluid. HPLC
measurement showed that the concentration of alaehdalphoxide in pre-operative and
intra-operative plasma samples were in the ran@eléf and 1.3ug/ml. Cystic fluid samples
were analysed and the albendazol sulphoxide coratemt in cystic fluid samples was 0.16
and 0.59ug/ml (Table 1).
The relative intra cystic drug concentration wasodlswing: patient A 48% and patient B
156%. These data demonstrate that albendazolesudighhas acceptable tissue penetration

into echinococcal cysts.

Table 1: Albendazole sulphoxide (ug/ml) and relative intyatec drug concentration

Pre-operative Intra-operative Cyst fluid Relative intra-
plasma plasma cystic drug
concentration
Patient A 1.26 1.24 0.59 48%

Patient B 0.18 0.10 0.16 156%




Thisin vitro drug susceptibility study showed a broad specwtiantibacterial activity of SP
against all tested Gram positive bacteria andniméeliate activity againg. coli. Among the
two currently proposed alternative drugs for IPTmefloquine and azithromycin — the latter
shows a similarly broad antibacterial spectrumativdly as SP but additionally also good
activity againstN. gonorrhoeaeMefloquine activity was classified as high agains
pneumococci and intermediate against all otherdbacéxcepk. col..

The evaluation of the antimicrobial activity of emélarialsin vitro provides the basis for
further clinical evaluation. Based on our dataiaichlly important effect on certain bacterial
co-infections in pregnant women may be anticip&e®&P and azithromycin and to a lesser
extent for mefloquine. Previous data show thatdyadtinfections including sexually
transmitted diseases, pneumococcal infectionsSamgjalactiaecolonisation contribute
significantly to adverse pregnancy outcome in sah&san Africa [83]. Similarly, there is
evidence for significant improvement of maternal ahdid health by routine administration
of appropriate antimicrobial drugs during pregnaj84]. Given that urinary and genital tract
infections are an important cause for prematuresi, it may be speculated that the routine
administration of SP and azithromycin as IPTp mayfer a reduction in the rate of
prematurity. Similarly, the potential for eradicatiof vaginalS. agalactiaecolonization by
IPTp with SP or azithromycin might prevent casesadnatal sepsis. However, caution must
be used when extrapolating datailwitro activity of drugs to anticipated vivo efficacy.
Clinical efficacy will ultimately depend — besidée intrinsic antibacterial activity as
assessed in this study — on drug absorption, dsagentrations at the target sites, and half-
lives of drugs. Additionally, a limitation of outugly lies in the absence of validated
thresholds for then vitro activity of SP and mefloquine. The proposed leaeésbased on
comparative thresholds of vitro activity againsP. falciparumand known pharmacokinetic
characteristics of the drugs and need furtheradinralidation [71]. Based on the hypothesis
of a collateral health benefit by the administratddantimalarials with antibiotic activity
against relevant pathogens, it may seem desiraluledose the next IPTp drug based on both
its antimalarial and antibacterial activity. Whatsach an approach is justified or not is

however at least to date unknown. Although it n@klattractive to simultaneously treat



concomitant and potentially deleterious bacteri&gtions by routine administration of
antimalarials, this strategy may also prove hazasdbarge scale use of drugs with
antibacterial activity may speed up the processetdction of drug resistant bacterial isolates.
Interestingly, there is evidence for the developnoérantibiotic drug resistance by cross
resistance with antimalarial drugs [85]. Epidemgadoevidence linking the development of
guinolone resistant Gram negative bacteria withdacale use of chloroquine and the recent
development and spread of quinolone residtargonorrhoeastrains is an illustrative

example for this phenomenon [86]. The threat of miimg drug resistance against commonly
used antibiotics is particularly worrying for subfaran Africa where microbiologic analysis
of infections is rarely performed and alternatimélaotics for drug resistant pathogens are
often not affordable. Therefore, future studiesatternative IPTp drugs should include
evaluations of the clinical efficacy against condtamt bacterial infections and the impact of

large scale use of IPTp on the development andidpyeantibiotic drug resistance.



Epidemiology of GBS colonization

Streptococcus agalactiaeoften referred to as Group B streptococcus (GBS)a Gram-
positive bacterium that has been identified asradrupathogen since the early 1900s [87].
GBS is of particular medical importance during pragcy and the postpartum period because
it may lead to invasive disease in both motheriafaht. Maternal colonization with GBS in
the genitourinary and gastrointestinal tract andgmission to the infant during labour and
delivery is an important cause of early neonatalmaity and mortality [88, 89].

Numerous studies report the prevalence of GBSegrmant women living in high income
regions. Maternal colonization rates range fronB@8 in the USA [90], 11-19.5% in
Canada [91], 20% in New Zealand [92], and 6.5-36%urope [93]. In these studies
prevalence of GBS colonization was associated &ttthicity, certain sub-regional
differences, age, gravidity, socioeconomic factarg] sexual behaviour. Methodological
differences in diagnosing GBS including samplingteigies and culture conditions may have
influenced prevalence rates and direct comparghufistudy results is therefore problematic.
To overcome methodological differences, standatii@iconditions were published by the
Centres for Disease Control and Prevention (CD@nteance GBS detection and improve
comparability of individual studies [94-96].

GBS infections in pregnant women and newborns

In pregnant women, GBS may cause urinary tracttide, which may progress to maternal
sepsis. Similarly, GBS may be a cause of chorioasmm@ndometritis and puerperal wound
infection [97, 98]. On a population level, mortalirom GBS-related diseases in pregnant
women is however comparably low. Controversiallggmancy-associated GBS infection
may lead to adverse pregnancy outcome and eadgtiahs in newborns within the first few
days of life [99]. Two forms of GBS infections atistinguished in newborns. Early-onset
disease is defined as isolation of GBS from nonrgtkrile sites including blood and
cerebrospinal fluid. Early-onset disease occurkiwithe first 24 hours of birth and until 7
days of life. Early-onset disease follows vertitahsmission of GBS in the birth canal or by
direct transmission from maternal GBS infection. Apgpmately 80% of infants with early-
onset disease reportedly become ill within 24 hdutse United States [100]. The most
important early-onset diseases in infants are baeteia, sepsis with or without pneumonia

and meningitis resulting in high mortality. A cloail study in the USA demonstrated that



early-onset disease caused by GBS was charactéyzadodstream infection, pneumonia,
and meningitis in 40%, 7%, and 6% of patients, @espely. The overall case fatality rate
associated with early-onset disease was 4% inept [99]. Established risk factors for
early-onset disease include preterm labour (< 3@k&/gestation), prolonged rupture of
membranes (18 hours), and maternal fever38.0° C) [97, 101, 102].

Late-onset disease occurs in infants between 7 alay8 months of age. Infection follows
vertical transmission from mother to their infafit83] or horizontal transmission [104].
Again bloodstream infection and meningitis arertiest common clinical features but other
sites of infection occur. The overall case fataléie of late-onset disease is reportedly
approximately 2.5% [99]. Risk factors for the ogemce of late-onset disease are not yet well
understood.

Prevention of GBS infections in the newborn

Over the past three decades several clinical iatsonstrated that the use of intra-partum
antibiotic prophylaxis decreased the risk of vaitiGBS transmission by a reduction of GBS-
related disease in the first week of life. Therefanany national guidelines in high income
settings recommend universal GBS screening anthamtbial treatment of all pregnant
women between 35 to 37 weeks of gestation [90, 10Z]. Oral penicillins are the first line
treatment based on their comparably narrow antobiat spectrum and high activity against
GBS. Erythromycin and clindamycin are suggestealtasnatives, particularly in the case of
suspected allergy to penicillin [90]. Intra-partm@atment (IP) is effective in reducing the
risk of early-onset disease in newborns to colahizemen and neonatal colonization. A
clinical trial in the USA demonstrated that the o$antimicrobial intra-partum
chemoprophylaxis reduced the incidence rate ofaartet disease caused by GBS from 1.7
per 1000 live births in 1993 to 0.6 per 1000 in89%9]. Since GBS is a non-invasive
colonising agent, local disinfection has attractedsiderable attention as a potential tool to
eliminate GBS colonisation from the female gerttatt. Chlorhexidine was evaluated in
several clinical trials in Europe, Africa and th8 A for this purpose. In a European trial,
chlorhexidine application reduced the rate of hiadpidmission due to GBS in neonates.
However, the effectiveness of vaginal disinfectgainst GBS-related neonatal sepsis and
meningitis was not shown [106]. Importantly, a studMalawi reported that the disinfection
of the birth-canal with chlorhexidine solution regd GBS related neonatal mortality from
17.9 to 7.8 per 1000 live births. In addition thigervention also had a positive impact on

maternal postpartum GBS infection [107]. Althoughdl disinfection proved less effective



than antimicrobial drug prophylaxis, one of itsgutal advantages is the feature not to
promote the development and spread of drug resestafaginal disinfection could therefore
constitute a potential alternative prevention sggtfor resource limited regions due to the
ease of use and low cost.

The development of effective vaccines against GBS8lavwithout any doubt constitute a
major advantage for the prevention of GBS infeidrhe underlying mode of action for
such vaccines is the induction of specific antiesdb capsular GBS polysaccharides that
protect against invasive GBS disease in the mathéithe newborn. To date, GBS
polysaccharide antigens are tested as conjugaténegcand promising results have been
reported for rodent models [108]. Besides the uag#y of the translation of these results to
humans, more detailed knowledge about the prevalehGBS subtypes in high and low
income regions and potential cross-protection m@iistspecific epitopes are mandatory for

further development of future vaccine candidates.

Current evidence for GBS related diseases and prengon strategies for sub-Saharan
Africa

Several studies conducted in developing countniesstigated the prevalence of maternal
GBS colonization and some reported the distribubb@BS serotypes. Prevalence rates in
various geographic regions ranged from 12 — 22%iglRakistan: 12%, Asia/Pacific 19%,
sub-Saharan Africa 19%, Middle East/North Afric&22America 14%) [98]. Similarly,
when focusing on sub-Saharan African countriessiclemable variability of GBS prevalence
was observed, probably due to differences in samgirategies and microbiologic
processing of samples. Reported prevalence rategse countries varied between 1% and
32% (Nigeria 20%, Ivory Cost 19%, Togo 4%, Gaml#&c2 Mozambique 1% [96], Malawi
16.5% [109], Zimbabwe 20-32% [110]). Stoll and St summarized 34 reports from 23
developing countries and indicated that the ovgralalence of maternal GBS colonization
was approximately 18%, which is within a similanga as reported for women in the United
States and Europe [96]. Despite the absence ofrtaniadifferences in antimicrobial
susceptibility between GBS serotypes, their regatlistribution is of great importance for
ongoing efforts to identify vaccine candidatesdlimical development. Clinical studies
demonstrated that strains la, Ib, Il and Il wédre most commonly encountered serotypes in
high income regions and interestingly, these spextywere associated with early-onset
disease [100, 111-113].



Serotype Il caused more than half of neonatal gM®streptococcal disease and mortality
[114]. To date, available data indicate a simiknosype distribution in high income regions
and sub-Saharan Africa. Reporting from African oegi indicates that serotypes la, I, III,
and V were most frequently encountered [96, 1156].JHased on these studies further
molecular characterisation of GBS isolates from Saharan Africa is important to evaluate
most suitable vaccine targets for potential futtaecines.

To date, the incidence of invasive GBS infectiasmcompletely understood in many low
income regions. One study from Malawi indicatedraxidence of early onset sepsis caused
by GBS of 0.92 per 1000 live births [117]. Howewesignificant proportion of deliveries
occur outside hospitals in many parts of sub-Sahafaca and infants developing early
onset sepsis may succumb before attending a heskhcentre. Importantly, routine
identification of GBS is lacking in most routine fihgtions in Africa. The risk for overall
mortality and rates of prematurity in GBS coloniaatremains therefore incompletely
understood. [115]. However, some studies indidzéaternal GBS colonization may
constitute an important risk factor for unfavoueablrth outcome including spontaneous
abortion, preterm delivery, and low birth weightAfrica [118] [96]. Importantly these
conditions may outweigh the direct effect of inv@sGBS infections on a population level.
For a better understanding of the importance of @GB& population level, further detailed
epidemiologic studies are therefore needed.

Contrary to high income regions, prevention strigiefpr GBS colonised pregnant women
are hampered by a lack of facilities for approgridiagnosis in most countries in sub-Saharan
Africa. Since routine screening is not performegiiagnancy, targeted interventions are not
feasible. Since overall incidence of neonatal segse to GBS carriage is low, routine
administration of antimicrobial prophylaxis to plegnant women is most probably not cost-
effective. In addition this approach may incredsedelective pressure for specific drug
resistance, which may prove particularly worrisamezgions with limited availability of
second line antimicrobials. Whether routine vaguhiainfection may prove safe, effective,

and cost-effective, needs to be further investijate
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This study investigates the epidemiology of preggaagsociated GBS colonization in
Central Africa. The data show that the prevalemate of GBS colonization among pregnant
women reached 20%, which was comparable with tleeafaGBS colonization of pregnant
women in industrialized countries. No associatib@BS colonization was observed with
risk factors such as gravidity and maternal age. él@n, colonization was positively
associated with literacy. This finding indicates tio@nection between the maternal GBS
colonization and the socioeconomic status of spapulation. Moreover, maternal GBS
colonization has been demonstrated to play an itapbrole in spontaneous abortion [119].
This study shows that the occurrence of spontanaboion is also related with maternal
GBS colonization. According to literature, thema&al screening for GBS in pregnant
women between 35 to 37 weeks of gestation and-parium antibiotic prophylaxis reduces
the incidence of neonatal diseases. The use ofifgniwhich has a narrow spectrum of
antimicrobial activity, was encouraged by CDC f@atment. Erythromycin and clindamycin
are the alternatives to penicillin [120]. Few atili trials from Sub-Saharan Africa exist to
describe the GBS - related neonatal morbidity andatlity. The existing data indicate that
maternal GBS colonization rates of pregnant womehiacidence of invasive disease in their
offspring are comparable to industrialized coustridowever, in resource poor settings,
infrastructure for diagnostics, peripartal chem@brigaxis and adequate case management is
mostly lacking [115, 121]. Therefore, most infecBamill remain undetected and untreated.
Intermittent preventive treatment of malaria ingmancy (IPTp) could effect on concurrent
infectious diseases in pregnancy. SP - recommeng®dHO as IPTp drug of choice - has a
broad spectrum of antibacterial activity againsii@mpositive bacteria and intermediate
activity against Gram negative bacteria. Amongaternative IPTp drugs, mefloquine is one
of the most promising treatments against malar@égnancy; however, this in vitro drug
susceptibility study showed a low antibacteriahaigt against Gram positive and Gram
negative bacteria [122]. Because of routine IR€pttment in many African countries and
their effects as prophylaxis may solve the lacletkction and treatment of GBS colonization
during pregnancy. However, in this study no speecittivity of SP and mefloquine on GBS

colonization was demonstrated.



In conclusion, these data indicate that materniainipation with GBS during pregnancy is an
underestimated health problem of pregnant womertt@idnewborns in Sub-Saharan Africa.
Active screening and the recommended treatment baushplemented in these countries for
preventing maternal GBS colonization and for prisdgcnewborns from invasive diseases.
Nevertheless, the vaccine developmentiiaternal immunization against group B

streptococcus will maximize potential benefits lin@v income countries.
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This study aimed to better understand the epidemgyobf HHV8 infection during pregnancy
in Sub-Saharan Africa. In this study, HHVS8 infectsowvere widespread among pregnant
women reaching 39%. However, infection was not@ased with socioeconomic status.
Also age was not associated with HHV8 infectionregmant women. According to
literature, herpes virus infections during pregryacen lead to fatal results including
spontaneous abortion, premature delivery, and miiage [123-125]. In this study, HHV8
infection had no influence on birth outcomes. lea US and Europe, the major transmission
route of HHV-8 infection is anal intercourse [526]. However, the increased level of HHV-
8 prevalence during childhood in endemic areasdie Saharan Africa provides evidence of
nonsexual horizontal transmission. During our stildycord blood samples from seropositive
patients were tested for latent nuclear antigedtd¥8. This finding shows the possible
passive transmission of maternal IgG. However ransplacental transmission was
determined in spite of using highly sensitive rig@le PCR analysis. In summary, the data
indicate that the prevalence of HHV8 infection negnant women is high in Sub-Saharan
Africa. In future studies nonsexual horizontal sassion routes of HHV-8 infection in sub-

Saharan Africa need to be investigated.
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These data reveal a comparatively good tissue gaioet of albendazole sulphoxide into
echinococcal cysts in human patients with approtetgeb0% variation compared to plasma
drug concentrations. A previous report indicatecimam plasma levels for albendazole-
sulphoxide in the range of 0.45 to 2.96 pg/ml [1&2dl intra-cystic drug concentrations
between 0.06 and 0.42 pg /ml [128]. Morris et gharted approximately 20% intra-cystic
concentration of albendazole sulphoxide in patieneisted with 10 mg/kg albendazole for one
month prior to operation [129]. Although these datain line with our results for plasma
drug concentrations, the relative intra-cystic dcogcentration of albendazole sulphoxide
was significantly higher in our patients. Interegty, praziquantel, another antihelminthic
drug with activity against tapeworms, led to a ¢desable increase in albendazole plasma
levels. The activity against protoscolices was sicgutly higher in patients treated with a
combination of albendazole and praziquantel [L3).far, most pharmacokinetic data on
target site drug concentrations derive from eclocoal cysts of the liver and information on
intra-cystic drug penetration for other organssaa@ce. Despite the limited number of
patients in this study, our data indicate that dvagetration in cysts located in the pleural
cavity and the skeletal muscle is comparable cemqilly higher compared to previous data
on liver cysts. Albendazole is used for treatmertilohan echinococcosis since the 1980s and
— depending on the stage of the disease — contiloog-term albendazole therapy shows
cure rates between 30% and 80%. Although the apalhilability of albendazole is
characterized by significant variation, intra-cgstrug penetration seems less variable and
comparable to plasma drug levels. Although manstioes regarding the optimal medical
treatment of echinococcosis remain, the use ohalzole has been shown to allow safer
manipulation of liver cysts during surgery, thusimiizing the chance of recurrence. Based
on our data this may similarly be true for cystsaala®d in other organs.[131, 132]. Further
data on anthelminthic combinations therapy andithelopment of novel anthelminthic
drugs with improved oral bioavailability are desigto further improve the management of

echinococcosis.
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Abstract.

Albendazole therapy—alone or in combination with surgery—remains the standard of care for human echi-

nococcosis depending on the stage of disease. However, only limited data are available on target site concentrationsin liver
cysts and data for non-liver cysts are lacking, We report on intra-cystic concentrations of the biologically active metabolite
albendazole sulphoxide in non-liver cysts indicating a relative intra-cystic drug concentration of 48-156% compared with
plasma levels. These data are evidence for a satisfactory penetration of albendazole sulphoxide into Echinococcus cysts
localized in other organs than the liver and underline the usefulness of albendazole therapy for this indication.

Echinococcosis is caused by the ingestion of eggs of the
dog tapeworm or fox tapeworm belonging to the genus
Echinococcus. E. granulosus causes considerable human mor-
bidity and mortality, with the highest prevalence in rural areas
because of close co-habitation of humans, animal intermediate
hosts, and final hosts. Oncospheres migrate after ingestion to
different organs and form cysts most commonly located in the
liver (60-70%) and lungs (20% ). Other localizations of cysts,
including the kidney, spleen, muscles, bone, pancreas, central
nervous system, and soft tissue, have been described but are
less common.'

Treatment recommendations for E. granulosus cysts include
long-term therapy with albendazole alone or in combina-
tion with praziquantel, percutancous drainage, and surgi-
cal removal of the lesions.** Albendazole is a benzimidazole
derivative and is highly active against echinococcal protosco-
lices. However, the in vivo therapeutic response is limited by
its low and erratic bioavailability.”-'“ Nevertheless albendazole
is the most commonly used drug for pre- and post-operative
anthelminthic treatment and continued suppressive therapy
of inoperable hydatid cysts."" On the background of its vari-
able absorption, the penetration of albendazole and its active
metabolite albendazole sulphoxide into cysts is of major
importance for adequate in vivo activity. Whereas limited
data are available for Echinococcus cysts of the liver, little is
known about the intra-cystic concentrations of albendazole in
patients treated for echinococcal cysts located in other organs
than the liver. In this study, we aimed to assess the ability of
albendazole and its active metabolite albendazole sulphoxide
to penetrate into E. granulosus cysts of two patients with non-
liver cysts.

A 60-year-old women of Turkish origin (Patient A) residing
in Austria for > 3 years was diagnosed with a painless tumor
on the left thigh, which became noticeable after voluntary
weight loss of 25 kg. The second patient (Patient B), a 30-year-
old Turkish citizen, presented at the hospital with progressive
cough, night sweats, and dyspnea. Inflammation markers were
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increased in both patients, with C-reactive protein at 8.7 and
2.4 mg/dL for Patients A and B, respectively (normal range,
< 1 mg/dL). Marked eosinophilia was recorded (550 and
3,020/uL blood for Patients A and B, respectively) in differen-
tial blood count, and serologic investigation by enzyme-linked
immunosorbent assay and Western blot confirmed the diagno-
sis of E. granulosus infection. Computer tomography and mag-
netic resonance imaging showed a cystic lesion in the proximal
Museulus satorius of 7.5 em diameter in Patient A. Patient B
had a distinctive pleural effusion on the right side of the lung
with transgression of the diaphragm. Following current treat-
ment recommendations, patients were prescribed 400 mg
albendazole to be taken twice daily with a fatty meal for 5
and 4 days before surgical removal, respectively.”” Histologic
examination of cyst tissues confirmed diagnosis by visualiza-
tion of typical protoscolices. Patients continued anthelminthic
treatment for 1 month after surgery and had no signs of recur-
rence of Echinococcus cysts.

Venous blood samples for drug analysis were taken in the
morning of surgery before albendazole intake and during the
intervention. Undiluted cyst fluid was obtained during opera-
tion and was subsequently stored at —80°C until further analy-
sis. Concentrations of albendazole and albendazole sulphoxide
in plasma and cyst fluid were measured by a validated high-
performance liquid chromatographic (HPLC) method using an
“UltiMate 3000” system (Dionex, Sunnyvale, CA). Separation
of albendazole sulphoxide was carried out using a Hypersil
BDS-C18 column (Thermo Fisher Scientific, Waltham, MA)
with an acetic acid/methanol mobile phase. The limit of quan-
tification for albendazole and albendazole sulphoxide was
0.063 and 0.072 pg/mL, respectively. Coefficients of accuracy
and precision for both compounds were < 8%.

HPLC measurement showed that, in all clinical sam-
ples, albendazole was below the limit of detection. However,
albendazole sulphoxide—the active metabolite—was quanti-
fied in pre-operative and intra-operative samples in the range
of 0.10 and 1.3 pg/mL in plasma. Furthermore, the analysis of
cystic fluid samples also showed albendazole sulphoxide con-
centrations of 0.16 and 0.6 pg/mL, indicating a relative intra-
cystic drug concentration of 48% and 156% compared with
plasma, respectively (Table 1).

These data show—besides the known variability of plasma
concentrations—good tissue penetration of albendazole sul-
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TabLe 1

Albendazole sulphoxide (pg/mL) and relative intracystic drug
concentration

Relative

Pre-operative Intra-operative intra-cystic drug

plasma plasma Cyst fluid concentration
Patient A 1.26 1.24 0.59 48%
Patient B 0.18 0.10 0.16 156%

phoxide into echinococcal cysts, with ~50% variation com-
pared with plasma drug concentrations. In general. plasma
concentrations of albendazole A previous report indicated
maximum plasma levels for albendazole sulphoxide in the
range of 0.45-2.96 pg/mL and intra-cystic drug concentrations
between 0.06 and 0.42 pg/mL.'>"* Morris and others' reported
an ~20% intra-cystic concentration of albendazole sulphox-
ide in patients treated with 10 mg/kg albendazole for 1 month
before surgery. Although these data are in line with our results
for plasma drug concentrations, the relative intra-cystic drug
concentration of albendazole sulphoxide was significantly
higher in our patients. Interestingly. in a previous study, prazi-
quantel,another anthelminthic drug with activity against tape-
worms, led to a considerable increase in albendazole plasma
levels.” In that report, the activity against protoscolices was
significantly higher in patients treated with a combination of
albendazole and praziquantel.

Thus far, most data on target site drug concentrations derive
from echinococcal cysts of the liver and information on intra-
cystic drug penetration for other organs are scarce. Despite
the limited number of patients in this study, our data indicate
that drug penetration in cysts located in the pleural cavity and
the skeletal muscle is comparable or potentially higher com-
pared with previous data on liver cysts.

Albendazole has been used for the treatment of human echi-
nococcosis since the 1980s and—depending on the stage of the
disease—continuous long-term albendazole therapy shows
cure rates between 30% and 80%. Although the oral bioavail-
ability of albendazole is characterized by significant variation,
intra-cystic drug penetration seems less variable and compara-
ble to plasma drug levels. Although many questions about the
optimal medical treatment of echinococcosis remain, the use of
albendazole has been shown to allow safer manipulation of liver
cysts during surgery, thus minimizing the chance of secondary
recurrence. Based on our data, this may similarly be true for
cysts localized in other organs."*"” Further data on anthelmint-
hic combination therapy and the development of novel anthel-
minthic drugs with improved oral bioavailability are desirable
to further improve the management of echinococcosis.
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Abstract

standard microdilution assay.

other tested pathogens.

drug resistance of bacterial pathogens is discussed.

Background: Intermittent preventive treatment of malaria with sulphadoxine-pyrimethamine (SP) is recommended
for the prevention of malaria in pregnancy in sub-Saharan Africa. Increasing drug resistance necessitates the urgent
evaluation of alternative drugs. Currently, the most promising candidates in clinical development are mefloquine
and azithromycin. Besides the anti-malarial activity, SP is also a potent antibiotic and incurs significant anti-
microbial activity when given as IPTp - though systematic clinical evaluation of this action is still lacking.

Methods: In this study, the intrinsic anti-bacterial activity of mefloquine and azithromycin was assessed in
comparison to sulphadoxine-pyrimethamine against bacterial pathogens with clinical importance in pregnancy in a

Results: SP was highly active against Staphylococcus aureus and Streptococcus pneumoniae. All tested Gram-positive
bacteria, except Enterococcus faecalis, were sensitive to azithromycin. Additionally, azithromycin was active against
Neisseria gonorrhoeae. Mefloquine showed good activity against pneumococci but lower in vitro action against all

Conclusion: These data indicate important differences in the spectrum of anti-bacterial activity for the evaluated
anti-malarial drugs. Given the large scale use of IPTp in Africa, the need for prospective clinical trials evaluating the
impact of antibiotic activity of anti-malarials on maternal and foetal health and on the risk of promoting specific

Background

Malaria in pregnancy is associated with low birth-weight
[1-3], pre-term delivery [4] and maternal anaemia [5]
and is therefore an important cause of maternal, perina-
tal, and neonatal morbidity and mortality in pregnancy
and the puerperium in sub-Saharan Africa [6,7]. The
World Health Organization recommends intermittent
preventive treatment of malaria in pregnancy with sul-
phadoxine-pyrimethamine (SP-IPTp) in order to reduce
adverse health outcomes for pregnant women and their
offspring [8,9]. Curative doses of SP are administered
during routine antenatal visits at least twice after the
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first trimester in HIV negative and at least three times
in HIV positive women. Due to rising drug resistance of
Plasmodium falciparum against SP, potential alternative
anti-malarial drugs have been proposed for future use as
[PTp [10]. These compounds include amodiaquine, azi-
thromycin, mefloquine, and combinations of these drugs
with artemisinin derivatives or chloroquine [11,12].
Bacterial infections including sexually transmitted dis-
eases, urinary tract infections, and group B streptococcal
carriage are causes for considerable morbidity and mor-
tality in pregnant women and the unborn child. In sub-
Saharan Africa adequate diagnosis and treatment of these
infections are often lacking. SP belongs to the class of
anti-folates exerting considerable anti-microbial activity
besides its anti-malarial activity. Anti-folate antibiotics
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show clinically important activity against Streptococcus
pueumioniae, Staphylococcus aureus, Escherichia coli, and
other pathogenic bacteria and are, therefore, used on a
large scale for the treatment of urinary tract infections,
skin and soft tissue infections, and in other indications
[13,14]. Whereas mefloquine use is currently restricted to
treating falciparum malaria, azithromycin is in use for the
treatment of a variety of bacterial infections including
respiratory tract infections and sexually transmitted
diseases and it is under investigation for combination
therapy of falciparum malaria [15,16].

[PTp with a drug exerting anti-bacterial activity may,
therefore, offer a significant additional public health
benefit by providing treatment for undetected or pre-
viously untreated bacterial infections in pregnant
women. Conversely, widespread use of antibiotics may
increase the risk for the development of drug resistance
leading to future difficulties in the clinical management
of bacterial infections.

This study aimed to assess the anti-bacterial activity of
SP, mefloquine and azithromycin - the most promising
candidate drugs for the replacement of SP for IPTp [15] -
against common Gram-positive and Gram-negative
bacteria in vitro.

Methods

The minimal inhibitory concentrations (MIC) of meflo-
quine, azithromycin, and SP was assessed against bacter-
ial pathogens with medical importance during pregnancy.
For this purpose, common bacterial pathogens causing
urinary tract infections (Escherichia coli, Enterococcus
faecalis), sexually transmitted diseases (Neisseria gonor-
rhoeae), skin and soft tissue infections (Staphylococcus
aureus) and neonatal sepsis (Group B beta-haemolytic
streptococci; i.e. Streptococcus agalactiae) were studied.
Tested microorganisms consisted of clinical isolates and
American Type Culture Collection (ATCC) strains as
external controls. Bacteria were grown overnight at 37°C
in Mueller Hinton broth with or without 2-5% horse-
blood. Neisseria gonorrhoeae was incubated overnight at
35°C in an atmosphere containing 5% CO; on New York
City agar and chocolate agar.

All drugs were obtained from Sigma-Aldrich (Seelze,
Germany) and were first dissolved and diluted to stock
solutions. Further 1:2 dilutions of stock solutions were
done with culture medium in order to achieve respective
drug concentrations. Mueller Hinton broth medium
was commercially prepared (Merck KGaA, Darmstadt,
Germany). Fastidious broth medium was used for cultiva-
tion of N. gonorrhoeae and was prepared as described pre-
viously consisting of 35 g Columbia broth base, 5 g
glucose, 5 g yeast extract, 2 g neopeptone, and 0.75 g agar-
ose dissolved in 960 ml of distilled water [17]. A total of
30 ml haematin solution (0.05% [wt/vol] in 0.1 M NaOH)
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and 5 ml Tween 80 (10% [vol/vol]) was then added. The
resultant broth was sterilized by autoclaving and 6 ml of
pyridoxal solution (0.1% [wt/vol]) and 1.5 ml of NAD solu-
tion (1% wt/vol) were added.

Determination of MICs

MICs were determined by employing a standard microdi-
lution assay following Clinical and Laboratory Standards
Institute (CLSI) guidelines with fastidious broth medium
and Mueller Hinton broth and a bacterial turbidity of
0.5 McFarland. The final bacterial density was approxi-
mately 10° CFU/ml. The 96-well plates were incubated
for 24 h at 35°C in a moist atmosphere containing 5%
CO». Positive control wells contained microorganisms
without antibiotics. All tests were performed in duplicate
and MICs were reported as arithmetic means.

Classifiction of anti-bacterial activity

CLSI consensus cut off levels were used for the categoriza-
tion of anti-bacterial activity. Azithromycin susceptibility
was assessed using the following cut off levels for classifi-
cation as sensitive, intermediate and resistant: S. aureus <2
pg/ml, >2 - <8 pg/ml, =8 pg/ml; S. preumonia and S.
agalactiae <0.5 pg/ml, >0.5 - <2 pg/ml, = 2 pg/ml In
case of N. gonorrhoeae, due to a lack of CLSI recom-
mendations, the European committee on anti-microbial
susceptibility testing (EUCAST) definitions for azithro-
mycin cut-off values (< 0.25 pg/ml; > 0.25 pg/ml - <
0.5 pg/ml; > 0.5 pg/ml as sensitive, intermediate, resis-
tant) were employed.

No break points are defined for the activity of azi-
thromycin against E. coli and Enterecoccus by CLSI
and EUCAST. Cut off levels as proposed for S. aureus
(<2 pg/ml, >2 - <8 pg/ml, = 8 pg/ml for susceptible,
intermediate and resistant, respectively) were therefore
used.

No recommendations are available for mefloquine
and SP by CLSI or EUCAST and no previous publica-
tions on the interpretation of im vitro anti-bacterial
activity of the two anti-malarial drugs were found. For
the classification of SP activity - due to comparable
anti-bacterial pharmacodynamics in the class of anti-
folate antibiotics and similar molecular weights for
trimethoprim and pyrimethamine (290 and 249,
respectively) - CLSI and EUCAST threshold levels of
anti-bacterial activity were used as defined for tri-
methoprim-sulphamethoxazole. These definitions are
based on trimethoprim drug concentrations and were
employed for pyrimethamine to classify SP activity.
The CLSI cut off levels for classification as sensitive,
intermediate and resistant are the following: S. aureus
and E.coli: <2 pg/ml; > 2 - < 4 pg/ml; 2 4 pg/ml,
S. pneumonia: < 0.5 pg/ml; > 0.5 - < 4 pg/ml; 2 4 pg/
ml. The EUCAST cut off levels: S. agalactiae: < 1 pg/
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ml > 1 - <2 pg/ml; > 2 pg/ml, E. faecalis: < 0.03 pg/
ml; 2 0.03 pg/ml - < 1 pg/ml, > 1 pg/ml. For meflo-
quine the threshold of drug resistance was set consid-
ering available pharmacokinetic data in human patients
and published in vitro inhibitory concentrations against
Plasmodium falciparum [18-24]. Thus, the threshold
for drug resistance was 0.265 pg/ml for mefloquine.

Results

All bacterial isolates were sub-cultured after thawing prior
to susceptibility assays (n = 34). Median MIC values of SP
against Gram-positive bacteria were as follows: §. aureus
16 pg/ml, S. agalactiae 24 pg/ml, S. prewmoniae 4 pg/ml,
and E. faecalis 12 pg/ml (Table 1, Table 2 and Additional
File 1). Median MICs were considerably higher for
N. gonorrhoeae and E. coli (256 pg/ml and 128 pg/ml,
respectively). SP showed high or intermediate activity
against all tested Gram-positive bacteria, whereas E. coli
and N. gonorrhoeae were classified as resistant to SP.

A total of 34 bacterial isolates were evaluated for their
in vitro drug susceptibility against mefloquine (Table 1,
Table 2 and Additional File 1). The observed MIC of
mefloquine was 16 pg/ml in all tested S. aureus and
E. faecalis isolates. Similarly growth of S. agalactiae was
completely inhibited at 16 pg/ml except for one isolate
with a MIC of 32 pg/ml. The MIC of mefloquine against
pneumococci and N. gonorrhoeae varied between 0.03 -
0.06 pg/ml and 4 - 16 pg/ml, respectively. Based on the
observed MIC values S. pneumonia was classified as
sensitive, S. aureus, S. agalactiae, E. faecalis, and
N. gonorrhoeae, and E. coli (Median MIC 128 pg/ml) as
resistant to the in vitro activity of mefloquine.
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Table 2 Summary of in vitro anti-bacterial activity of
sulphadoxine-pyrimethamine, mefloquine, and
azithromycin

Sulphadoxine/ Mefloguine Azithromycin
Pyrimethamine

S. aureus + - +
S. agalactiae ~ - +
5. pneumoniae + + +
E. faecalis ~ - ~f-
N. gonorrhoeae - - +
E. coli - - ~

- Insufficient in vitro activity; ~ intermediate in vitro activity; + good in vitro
activity.

Median MIC values of azithromycin were 0.5 pg/ml,
0.06 pg/ml, 0.01 pg/ml and 0.01 pg/ml against S. aureus,
S. agalactiae, S. pneumonia, and N. gonorrhoeae, respec-
tively (Table 1, Table 2 and Additional File 1). Activity
against E. coli (median MIC 4 pg/ml) and E. faecalis
(median MIC 4 mg/ml) was considerably weaker. Neis-
seria gonorrhoeae and all Gram-positive bacteria -
except for E. faecalis -were classified as being sensitive
to azithromycin. Escherichia coli strains showed inter-
mediate drug susceptibility against azithromycin in vitro.

Discussion

This in vitro drug susceptibility study showed a broad
spectrum of anti-bacterial activity of SP against Gram-
positive and low activity against Gram-negative bacteria.
Among the two currently proposed alternative drugs for
[PTp - mefloquine and azithromycin - the latter shows

Table 1 Median minimal inhibitory concentrations (MIC) of anti-malarials against selected Gram-positive and Gram-

negative bacteria

Microorganisms

Median Minimal Inhibitory Concentration (pg/ml)

Sulphadoxine/Pyrimethamine Mefloquine Azithromycin
S. aureus (n = 5} 16 16 0.5
S. agalactiae (n = 4) 24 16 0.06
S. pneumoniae (n = 5) 4 0.06 001
E. faecalis (n = 5) 12 16 4
N. gonorrhoeae (n = 10) 256 8 001
E. coli (n=5) 128 128 4

Thresholds for drug resistance:
Mefloquine: sensitive: < 0.265 ug/ml

Su\Ehadoxi ne/Pyri methamine (threshold based on fractional pyrimethamine concentration in 1:20 combination): sensitive, intermediate, resistant

S. aureus and E coli: <2 pg/ml; >2 - <4 pg/ml; 24 pg/ml,

S. pneumonia: 0.5 pg/ml; >0.5 - <4 pg/ml; =4 pg/ml,

S. agalactiae: =1 pg/ml; >1 - <2 pg/ml; >2 pg/ml,

E. faecalis: {0.03 pg/ml; = 0.03 - < 1 pg/ml; > 1 pg/ml.
Azithmmz(in: sensitive, intermediate, resistant
S. aureus; E coli and E. faecalis <2 ug/ml, >2 - <8 pg/ml, =8 pg/ml;
S. pneumonia and 5. agalactioe <0.5 pg/ml, >0.5 - <2 pg/ml, 22 pg/mf;
M. gonorrhoeae <0.25 pg/ml; >0.25 pg/ml - 0.5 pg/ml; >0.5 pg/ml;
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