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Background: Although the presence of bacteria in the cervix 
is not a sign of disease, the majority of pathogens involved 
in pelvic inflammatory disease originate from this "normal" 
flora.
Objectives: To assess the distribution of cervical non-
gonococcal and non-chlamydial bacteria in hospitalized 
women with PID and the bacteria's antibiotic sensitivity. 
methods: We retrospectively evaluated the cultures obtained 
from the uterine cervix over a 1 year period (2008) at Wolfson 
Medical Center, Holon. The distribution of cervical non-
gonococcal and non-chlamydial bacteria in women with 
PID and the bacteria's antibiotic sensitivity was compared 
to that in our previous 1 year study that was performed at 
Kaplan Medical Center, Rehovot (1988–89).  
results: In 2008, a total of 412 cultures were obtained of 
which 126 (30.5%) were sterile. The prevalence of negative 
cultures was similar in 2008 and in 1988, namely, 30.5% and 
33.7%, respectively (P = 0.23). PID was finally diagnosed 
in 116 patients with positive cultures. The most prevalent 
bacteria in the 2008 study were Enterococcus species and 
Escherichia coli – 24.0 % and 26.4% respectively compared 
to 18.0% and 38.1% in the 1988 study, with the decrease in 
E. coli isolates being significant (P = 0.0003). In 2008 the 
antimicrobial sensitivity for various antibiotics ranged from 
44.3% to 100.0% (median 90.2%) while in 1988 it ranged from 
2.9% to 80.1% (median 51.9%). 
conclusions: The cervical bacterial flora in hospitalized 
women with PID did not vary significantly between 1988 
and 2008. However, antimicrobial sensitivity of the isolated 
bacteria increased dramatically, probably due to a decrease 
in resistance to antibiotics.
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aBstract:

keY wOrds:

PID = pelvic inflammatory disease

t he presence of bacteria in the cervix, as in the vagina, is not 
necessarily evidence of disease [1]. Basically, the normal 

cervical flora resembles the normal vaginal flora, comprising 
both aerobic and anaerobic organisms [2,3]. Nevertheless, 
cervicitis or even colonization of the cervix by certain bac-
teria may antecede pelvic infection [4]. Indeed, most of the 
pathogens involved in pelvic inflammatory disease originate 
from this "normal" flora, whereas Neisseria gonorrhoeae or 
Chlamydia trachomatis are isolated less often [5-7]. 

Ongoing surveillance of local epidemiology and of anti-
microbial resistance is essential for empirically treating infec-
tions and controlling resistant microorganisms [8,9]. About 
20 years ago one of the present authors (S.L.) investigated the 
distribution of cervical non-gonococcal and non-chlamydial 
bacteria in women with suspected PID and the bacteria's anti-
biotic sensitivities in a typical Israeli hospital (Kaplan Medical 
Center, Rehovot) [1]. In an attempt to explore any change in 
distribution of cervical non-gonococcal and non-chlamydial 
bacteria in women with suspected PID and the bacteria's 
antibiotic sensitivities over these 20 years, we embarked on a 
similar analysis during the same length of time (12 months). 
Even though the current study was carried out in a different 
hospital (Wolfson Medical Center, Holon), the proximity 
of the two facilities (about 20 kilometers) implies a similar 
population. Accordingly, this comparison may elucidate a 
secondary question: which antibiotic should be used before 
the results of the cultures are received?

materials and metHOds

The study protocol was approved by the Wolfson Institutional 
Review Board Committee (protocol number 973-2008). We 
performed a retrospective analysis of the cultures obtained 
from the uterine cervix over a 1 year period (2008) at Wolfson 
Medical Center. The cultures were routinely obtained in 
symptomatic patients. These cultures were sent to the medi-
cal center's microbiology laboratory for routine culturing for 
non-sexually transmitted pathogens. The isolated bacteria were 
identified and checked for antimicrobial sensitivity. The charts 
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of the patients with the cultures were checked for the final 
diagnosis and were categorized as PID and non-PID groups. 

The distribution of cervical non-gonococcal and non-
chlamydial bacteria in women with PID and the bacteria's 
antibiotic sensitivity was compared to that in our previous 
study that was performed in Kaplan Medical Center, Rehovot 
also over 1 year period (1988–1989) [1]. 

statistical analYsis

Proportions were compared using the chi-square test. The 
test was two sided and considered significant at P < 0.05. 

results

In 2008, a total of 412 cultures were obtained: 126 (30.5%) 
were sterile and 286 (69.5%) were positive, of which 257 
(89.9%) were positive for non-sexually transmitted patho-
gens; 27 (9.4%) contained Candida species, and in 2 (0.7%) 
Lactobacillus species was identified. The prevalence of negative 
cultures was similar in 2008 and in 1988, i.e., 30.5% and 33.7% 
respectively (P = 0.23) [1]. The prevalence of the non-sexually 
transmitted pathogens in cultures obtained in 2008 is sum-
marized in Table 1. PID was finally diagnosed in 116 patients 
with positive cultures. Of those, 100 cultures (86.2%) were 
positive for non-sexually transmitted pathogens, 14 (12.1%) 
contained Candida species, and in 2 (1.7%) Lactobacillus spe-
cies was identified. Table 2 summarizes the prevalence of the 
non-sexually transmitted pathogens in patients with PID and 
compares it to that obtained in 1988 [1]. The statistically sig-
nificant differences were a reduced prevalence of Escherichia 
coli (from 38.1% to 18.0%) and Proteus mirabilis (from 9.1% 
to 0.0%) and increased prevalence of Staphylococcus coagu-
lase negative (from 0.0% to 16.0%) and Streptococcus viridans 
(from 0.0% to 8.0%).

A comparison of antimicrobial sensitivity of the non-
sexually transmitted pathogen in patients with PID between 
2008 and 1988 is presented in Table 3. In general, with the 
exception of chloramphenicol and cefotaxime, the rate of 
antimicrobial sensitivity was higher in 2008 than in 1988. 
In 1988 the antimicrobial sensitivity for various antibiotics 
ranged from 2.9% to 80.1% (median 51.9%) [1], as compared 
to 44.3% to 100.0% (median 90.2%) in 2008. 

discussiOn

The prevalence of negative cultures in women with PID was 
33% in the study performed in 1988 [1], and 30% in the cur-
rent study 20 years later (2008). Since the cultures were not 
analyzed for sexually transmitted pathogens (i.e., Neisseria 
gonorrhoeae or Chlamydia trachomatis), it is possible that 
those cultures were not entirely sterile. Another unusual 
pathogen that was not sought but might be considered is 

cultures in 2008
(n=257)

Escherichia coli 60 (23.3%)

Enterococcus spp 46 (17.9%)

Staphylococcus coagulase negative 42 (16.3%)

Streptococcus viridians 24 (9.4%)

Streptococcus Group B 24 (9.4%)

Klebsiella pneumoniae 12 (4.7%)

Bacteroides fragilis 10 (3.9%)

Staphylococcus aureus 7 (2.7%)

Bacillus spp 6 (2.3%)

Citrobacter koseri 5 (1.9%)

Enterobacter spp 5 (1.9%)

Haemophilus spp 5 (1.9%)

Proteus mirabilis 4 (1.6%)

Corynebacterium spp 2 (0.8%) 

Streptococcus pasteurianus 2 (0.8%)

Streptococcus Group G 1 (0.4%) 

Streptococcus Group A 1 (0.4%)

Streptococcus salivarius 1 (0.4%)

table 1. Prevalence of non-sexually transmitted pathogens among 
cultures taken in 2008

cultures in 2008
(n=100)

cultures in 1988
(n=582) P value

Enterococcus spp 24 (24.0%) 154 (26.4%) NS

Escherichia coli 18 (18.0%) 222 (38.1%) 0.0003

Staphylococcus coagulase negative 16 (16.0%) 0 (0.0%) 0.0001

Streptococcus viridans 8 (8.0%) 0 (0.0%) 0.0001

Streptococcus Group B 8 (8.0%) 48 (8.2%) NS

Klebsiella pneumoniae 6 (6.0%) 44 (7.5%) NS

Staphylococcus aureus 4 (4.0%) 10 (1.7%) NS

Enterobacter spp 4 (4.0%) 16 (2.8%) NS

Bacteroides fragilis 3 (3.0%) 7 (1.2%) NS

Bacillus spp 3 (3.0%) 0 (0.0%) NS

Streptococcus pasteurianus 2 (2.0%) 0 (0.0%) NS

Haemophilus spp 1 (1.0%) 10 (1.7%) NS

Corynebacterium spp 1 (1.0%) 0 (0.0%) NS

Citrobacter koseri 1 (1.0%) 4 (0.6%) NS

Streptococcus salivarius 1 (1.0%) 0 (0.0%) NS

Proteus mirabilis 0 (0.0%) 53 (9.1%) 0.004

Acinobacter calcoaceticus 0 (0.0%) 10 (1.7%) NS

Pseudomonas spp 0 (0.0%) 6 (1.0%) NS

table 2. Prevalence of non-sexually transmitted pathogens among patients with PID 
with positive cultures taken in 2008 compared to 1988 

The data for 1988 were derived from Lurie et al., 1990 [1]
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In summary, it appears that the cervical bacterial flora 
in hospitalized women with PID did not vary significantly 
between 1988 and 2008. However, the antimicrobial sensitiv-
ity of the isolated bacteria changed dramatically, resulting in 
a decreased rate in resistance to antibiotics. 
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Phone: (972-3) 502-8329, Fax: (972-8) 936-6259
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Entamoeba histolytica [10]. The question regarding the inci-
dence of positive cultures in women suspected of having PID 
was recently addressed in a retrospective study that included 
cultures for Neisseria gonorrhoeae and Chlamydia trachomatis 
[11]. In that study the rate of negative cultures in women with 
PID was roughly around 58%. Therefore, the incidence of 
30–33% negative cervical cultures in women with PID in our 
study is acceptable and not necessarily associated with the 
fact that cultures for Neisseria gonorrhoeae and Chlamydia 
trachomatis were not included.

Most of the isolated bacteria in women with PID were 
facultative anaerobic (i.e., E. coli) or obligate anaerobic [12] 
(e.g., Bacteroides fragilis) in the current (2008) as well as 
previous studies (1988) [1]. The finding of a predominance 
of anaerobic bacteria in the origin of PID is in agreement 
with a previously published study [6]. This is not surprising 
since the anaerobic bacteria are abundantly present in normal 
vaginal flora, with a concentration of approximately 1 million 
organisms per gram of secretion [12]. The most prevalent 
bacterium in the 1988 study was E. coli [1], while 20 years 
later, in the current study, the most prevalent bacterium was 
Enterococcus species [Table 2]. This could be explained by the 
decrease in the rate of E. coli isolates (from 38.1% to 18.0%, 
P = 0.0003) rather than an increase of Enterococcus species 
isolates (26.4% to 24.0%, respectively). Still, the two most 
prevalent isolates were E. coli and Enterococcus species that 
were isolated from 64.5% and 42.0% of women with PID in 
1988 and 2008, respectively. 

 The antimicrobial sensitivity for various antibiotics in 
the current study (2008) ranged from 44.3% to 100.0% 
with a median of 90.2%. Good results (high sensitivity) 
were obtained for frequently used antibiotics such as cipro-
floxacin (91.9%), gentamicin (90.4%), clindamycin (87.5%), 
cefuroxime (79.1%) and co-trimoxazole (79.1%). In 1988 
[1], the results were much less sensitive: the antimicrobial 
sensitivity ranged from 2.9% to 80.1% with a median of 
51.9%. This decreased rate of resistance to antibiotics could 
be attributed to a more restrictive strategy of antibiotic 
use [13,14]. This strategy is also based on optimal empiric 
antibiotic choice [12], which should be based on the preva-
lence of the pathogens involved in certain infection sites 
and on their antibiotic sensitivity. Based on our study, it 
appears that the optimal first-line empiric antibiotic choice 

in hospitalized women with suspected PID would be a com-
bination of cefuroxime, ciprofloxacin and gentamicin. This 
suggestion of ciprofloxacin is in agreement with previously 
published data which revealed that ciprofloxacin is superior 
to a combination of doxycycline and metronidazole in the 
treatment of PID, resulting in a 94% and 70% cure rate, 
respectively [15]. The limitation of this suggestion is that 
the study did not address cultures for Neisseria gonorrhoeae 
and Chlamydia trachomatis. 

cultures in 2008 cultures in 1988

P value
n (%) 
sensitive

n
tested  
for

n (%) 
sensitive

n
tested  
for

Oral or
Oral/
parenteral

Ampicilin 47 (44.3%) 106 335 (57.6%) 582 0.012

Augmentin 4 (66.6%) 6 – – –

Cefuroxime (oral) 57 (79.1%) 72 – – –

Ciprofloxacin 68 (91.9%) 74 – – –

Chloramphenicol 5 (100.0%) 5 469 (80.5%) 582 NS

Clindamycin 7 (87.5%) 8 – – –

Co–trimoxazole 69 (79.1%) 87 397 (68.2%) 582 0.033

Erythromycin 8 (100.0%) 8 198 (34.0%) 582 0.001

Minocycline 8 (72.1%) 11 – – –

Moxifloxacin 5 (100.0%) 5 – – –

Rifampin 10 (76.9%) 13 – – –

Tetracycline – – 244 (41.9%) 582 –

Parenteral 
only

Amikacin 74 (100.0%) 74 56 (53.8%) 104 p=0.001

Ampicillin/sulbactam 41 (56.1%) 73 – – –

Aztreonam 66 (89.2%) 74 – – –

Cefalexin – – 372(63.9%) 582 –

Cefazolin 54 (72.9%) 74 – – –

Cefepime 65 (90.2%) 72 – – –

Cefotaxime 5 (100.0%) 5 62 (59.6%) 104 NS

Cefoxitin – – 49 (47.1%) 104 –

Ceftriaxone 72 (91.1%) 79 302 (51.9%) 582 0.001

Cefuroxime (parenteral) 57 (79.1%) 72 – – –

Ertapenem 73 (100.0%) 73 – – –

Gentamicin 95 (90.4%) 105 353 (60.7%) 582 0.001

Imipenem 67 (98.5%) 68 – – –

Meropenem 78 (98.7%) 79 – – –

Penicillin–G 28 (80.0%) 35 194 (33.3%) 582 0.001

Piperacillin 69 (92.7%) 75 57 (54.8%) 104 0.001

Tobramycin – – 66 (63.5%) 104 –

Vancomycin 35 (100.0%) 35 – – –

table 3. Distribution of sensitivity to antibiotics of non-sexually transmitted pathogens 
among patients with PID with positive cultures taken in 2008 compared to 1988

The data for 1988 were derived from Lurie et al., 1990 [1]
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As is the case for embryo-derived stem cells, application 
of reprogrammed human induced pluripotent stem cells is 
limited by our understanding of lineage specification. Szabo 
et al. demonstrate the ability to generate progenitors and 
mature cells of the hematopoietic fate directly from human 
dermal fibroblasts without establishing pluripotency. 
Ectopic expression of OCT4 (also called POU5F1)-activated 
hematopoietic transcription factors, together with specific 
cytokine treatment, allowed generation of cells expressing 
the pan-leukocyte marker CD45. These unique fibroblast-
derived cells gave rise to granulocytic, monocytic, mega- 
karyocytic and erythroid lineages and demonstrated in 

vivo engraftment capacity. The authors note that adult 
hematopoietic programs are activated, consistent with 
bypassing the pluripotent state to generate blood fate: 
this is distinct from hematopoiesis involving pluripotent 
stem cells, where embryonic programs are activated. These 
findings demonstrate restoration of multipotency from 
human fibroblasts and suggest an alternative approach to 
cellular reprogramming for autologous cell-replacement 
therapies that avoids complications associated with the use 
of human pluripotent stem cells.

Nature 2010; 468: 521

Eitan Israeli  

capsule

direct conversion of human fibroblasts to multilineage blood progenitors

If severed, nerves outside the brain and spinal cord can 
reconnect and resume functioning. Unexpectedly, the 
molecular mechanism behind this remarkable ability turns 
out to involve fibroblasts – a type of cell that helps with 
wound repair. Alison Lloyd at University College London and 
her colleagues used fluorescence microscopy to observe 
how cut nerves mend themselves in rats. They observed 
fibroblasts at the site of injury make contact with Schwann 

cells, which surround and protect neurons. Signalling 
between the two cell types prompted the Schwann cells to 
clump into tiny cords that guide the regrowth of neurons 
across the wound. This response, the authors found, is 
mediated by a protein called SOX2, which is also involved in 
reprogramming cells to a stem-cell-like state.

Cell 2010; 143: 145

Eitan Israeli  

capsule

ephB signaling directs peripheral nerve regeneration through sOX2-dependent schwann cell sorting 

“For those who believe, no proof is necessary
For those who don't believe, no proof is possible”

Stuart Chase (1888-1985), American economist and engineer. His writings covered topics as diverse as general semantics  
and physical economy. He is considered the originator of the expression a New Deal, which became identified  

with the economic programs of American president F.D. Roosevelt




