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Abstract

Introduction—Adaptive immunity requires antigenic priming of the lymphatic system. As
lymphatic tissue is abundant in the oropharynx, oral sex could lead to effective immune
stimulation and prevent pelvic inflammatory disease (P1D).

Objective—To determine whether oral sex could be a protective factor for PID.

Method—The relationship between self-reported oral sex and endometritis was analysed among
619 women with clinically suspected PID who participated in the PID Evaluation and Clinical
Health (PEACH) study.

Results—Nearly one quarter of participants reported oral sex in the past 4 weeks. These women
also reported a higher number of sexual partners, a new partner within the past 4 weeks, and a
higher frequency of sexual intercourse (all p< 0.03). They were more likely to smoke (p<0.0001)
and use alcohol (p<0.004) and recreational drugs (p<0.02). Participants reporting oral sex were
significantly less likely to be black or to have a positive test for Neisseria gonorrhoeae (7.8% vs
21.6%, p=0.001).
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Women who disclosed oral sex were significantly less likely to have endometritis after adjusting
for race, number of partners, recent new partner, smoking, alcohol use, and drug use (adjusted OR
0.5(0.3-0.3)).

Conclusion—This is the first paper showing a negative association between oral sex and
endometritis. This may be mediated by a protective immune response in the genital tract following
priming in the pharynx. This hypothesis needs to be tested in further studies.

Introduction

Objective

Method

Participants

Upper genital tract infection and inflammation (pelvic inflammatory disease or PID) is one
of the most important complications of sexually transmitted infections (STIs) in women.
Even adequately treated PID can lead to serious long-term sequelae including tubal factor
infertility, ectopic pregnancy, and chronic pelvic painl=>.

PID is an expensive illness. The estimated medical cost per case of PID in the United States
is $1995 USDS for direct care and $1,592 USD’ for care for sequelae.

PID usually occurs following ascension of infection from the lower to the upper genital
tract. An appropriate immune response is important to prevent ascending infection and PIDS.
Adaptive immunity depends on effective presentation of an antigen to the lymphatic system.
Koelman et al® have suggested that pharyngeal exposure to paternal antigens is more
effective in stimulating the adaptive immune system than vaginal exposure. Research by
Johansen et all% demonstrates that lymphocytes stimulated in the pharynx can be later
detected in the endocervix. Thus, we hypothesized that effective priming of the immune
system through exposure of STI antigens in the pharynx could reduce the risk of ascending
STls and the development of PID through lymphocyte migration to the genital tract.

To test the hypothesis that oral sex could lead to more effective immune stimulation than
vaginal sex only, resulting in a reduced frequency of ascending infection, we undertook a
secondary data analysis from the PEACH study, a randomized controlled trial investigating
inpatient versus outpatient treatment of PID.

The PEACH study was undertaken between March 1996 and February 1999 in 13 clinical
sites in the United States. It enrolled women aged 14 to 37 presenting to emergency
departments, ambulatory clinics, and STI units with symptoms suggestive of PID. Women
presenting with a history of pelvic discomfort for a period of 30 days or less, findings of
pelvic organ tenderness on bimanual examination, and leukorrhea and/or mucopurulent
cervicitis and/or untreated but documented gonococcal or chlamydial cervicitis were offered
participation in the study. Women with a current or recent pregnancy or pelvic surgery,
antibiotic use within the preceding 7 days, previous hysterectomy or bilateral
salpingooophorectomy, tuboovarian abscess, allergy or intolerance to study medications, or
homelessness were excluded. Human subject use approval was obtained at each
participating institution, and all participants provided informed consent. The details of the
methodology are described elsewherell,

Eight hundred thirty-one women meeting all study criteria were enrolled. Our analyses are
restricted to 619 participants with complete data on self-reported oral sex and histologically
categorized endometritis.
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Exposure and Outcome Measures

All measures were obtained within one hour and before treatment was initiated. A 20 minute
standardized interview administered by trained study personnel collected demographic data
and the social, medical, reproductive, contraceptive and sexual history of participants, as
well as information about current or recent reproductive tract symptoms. The interviewer
used standardized, scripted questions and interviewer training ensured that all participants
were asked exactly the same questions. Questions about general sexual activity and oral sex
were introduced with the following statement: “Now I'd like to ask you some questions
about your sex life. These questions are somewhat personal. They help us to determine your
risk of having sexually transmitted infection. When I say "sex", | mean whenever a man puts
his penis into your vagina.” Participants were then asked to answer the following questions
with either yes or no: “1) Have you had sex in the last 4 weeks?; 2) Have you had oral sex in
the last 4 weeks?; 3) Have you had anal sex in the last 4 weeks?; and 4) Have you used a
condom in the last 4 weeks?;” We did not provide any definition of “oral sex” and the
question did not differentiate between fellatio and cunnilingus. Further, whether or not
ejaculation occurred was not recorded.

All participants then underwent a comprehensive gynaecologic examination with particular
attention on physical findings suggestive of pelvic infection or other gynaecologic disorders.
Swabs of vaginal fluid were obtained for microscopy and pH measurement, along with
Gram staining for diagnosis of bacterial vaginosis!? (BV) using Nugent’s criteria.
Endocervical swabs were collected for culture for Neisseria gonorrhoeae (NG), polymerase
chain reaction (PCR) testing for Chlamydia trachomatis (CT) (Roche Diagnostics,
Branchburg, NJ), and Mycoplasma genitalium (MG) PCR (in house assay described
elsewhere.)13

An endometrial specimen was obtained using a sterile endometrial sampler (Unimar Pipelle
de Cornier; CooperSurgical, Shelton, CT) after antiseptic cleansing of the exocervix and
endocervix to reduce specimen contamination. The presence of Neisseria gonorrhoeae,
Chlamydia trachomatis and Mycoplasma genitalium in the endometrium was detected by
culture and PCR, respectively.

Formalin-fixed, paraffin-embedded endometrial tissue was sectioned and stained with both
hematoxylin— eosin and methyl-green pyronine (the latter to highlight plasma cells). A
modification1 of the criteria proposed by Kiviat et al'® was used to define endometritis. A
classification of endometritis was given upon finding at least five neutrophils per x400 field
in the endometrial surface epithelium in the absence of menstrual endometrium and/or at
least two plasma cells per x120 field in the endometrial stroma.

Statistical Analyses

Demographic, social, behavioral and microbiological and histological variables traditionally
associated with STIs were selected a priori and classified into dichotomous and
polychotomous categories and compared between women reporting and not reporting oral
sex by the chi-square test of proportions. Multiple logistic regression was used to determine
if oral sex was associated with a decreased risk of having endometritis at baseline, after
adjustment for potential confounders. Covariates were selected if they were significantly
associated with oral sex in bivariate analyses. As variables measuring sexual history were
co-linear, the model included a select set of these variables, including number of partners
and self-report of a new sexual partner within the past four weeks. All analyses were carried
out using SPSS version 18.0.
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Among the 619 women in our sample, nearly two-thirds were under 25 years old, almost
three-quarters self-identified as black, approximately one quarter were unemployed or
looking for work, and just under one quarter reported education beyond high school (Table
1). Ethnicity was the only demographic variable significantly associated with reporting
recent oral sex (p<0.001), with black women being the least likely to report this activity
(Table 1).

Approximately one quarter of participants reported that they had engaged in oral sex in the
past 4 weeks. Compared to women who did not report oral sex, these women reported a
significantly higher number of sexual partners and a higher coital frequency. They were also
significantly more likely to have had anal sex (p< 0.0001) or a new partner in the past 4
weeks (p< 0.03). In contrast to women who did not report oral sex in the past 4 weeks, those
who did report oral sex were also significantly more likely to report smoking, alcohol and
recreational drug use (p<0.0001, p<0.004, p<0.02 respectively). There were no significant
differences between the two groups of women in reported condom use, oral contraceptive
use or vaginal douching.

Participants reporting oral sex were significantly less likely to have a positive test for
Neisseria gonorrhoea (7.8% vs 21.6%, p= 0.001). Although not statistically significant when
stratified by race, the association between oral sex and gonococcal infection was similar
among blacks and whites (black women: 13.6% vs. 26.1%, p=0.074; white women: 7.8% vs.
21.6%, p=0.3). There were no statistically significant differences in the rates of Mycoplasma
genitalium, Chlamydia trachomatis infection, mucopurulent cervicitis, leukorrhea or BV
between women reporting and not reporting oral sex.

Women who disclosed oral sex in the past 4 weeks were also significantly less likely to have
endometritis (OR 0.6 (0.4 — 0.9), Table 2), a finding that remained robust after adjusting for
race, number of partners, new partner, smoking, alcohol use, and drug use. Restricting the
analysis to those with STI pathogens or BV did not show any significant associations
between oral sex and endometritis, although all relationships were in the hypothesized
direction and demonstrated a lower likelihood of endometritis among women reporting oral
sex. Among women with Neisseria gonorrhoeae, there was a borderline significant 80%
lower likelihood of having endometritis.

Discussion

Our study showed that women presenting to emergency departments, ambulatory clinics,
and STI units with signs and symptoms suggestive of PID were significantly less likely to
have endometritis (OR 0.6 (0.4 — 0.9)) if they reported oral sex in the last 4 weeks.

The major strengths of our study include the large sample size, histological categorization of
endometritis, and the ability to generalize to populations at risk for STIs and PID. However,
there are a few limitations to note. First, while the association between oral sex and a
reduced risk of endometritis is strong and biologically plausible, analyses were cross-
sectional and thus we are unable to demonstrate a causal relationship. Second, the original
data had been collected for a different purpose and only basic information about oral sex
was collected. It is not clear how women understood the question and if it was interpreted as
fellatio, cunnilingus or both. The hypothesized immunological mechanism for the observed
association between oral sex is only hypothesized for women engaging in fellatio. We
believe that the ambiguity in the definition of oral sex may have mainly introduced non-
differential misclassification, serving to weaken the association between oral sex and the
absence of endometritis and has not biased our conclusion. We did not ask why women had
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oral sex. It is thus possible that some women with pelvic pain could have used oral sex to
avoid dyspareunia. This could lead to differential misclassification if the dyspareunia as it
could have reduced the risk of genital STI exposure. However, we did not find any evidence
of reduced risk behavior among women reporting oral sex in our study population.

Women reporting oral sex were more likely to report other risk factors for STIs such as
alcohol18: 17 and recreational drug use, new sexual partnerships, anal sex!8, higher coital
frequency, and a higher number of life-time sexual partnersl®, as well as smoking, which
has been identified as an independent risk factor for upper genital tract infection20. Despite
the associations between oral sex and factors traditionally associated with increased STI
risk, controlling for these behavioral variables did not change the relationship between oral
sex and lower rates of endometritis. What is more, women in our sample who reported oral
sex, compared to those who did not, were significantly (prior to adjusting for race) less
likely to have gonorrhoeal and no more likely to have chlamydial infection. While it is
possible that some participants practiced oral and anal sex to reduce the risks associated with
unprotected vaginal sex (pregnancy and loss of technical virginity) we do not believe that
this explanation is responsible for the magnitude of reduction in gonorrhoea prevalence
(7.8% vs 21.6% p=0.001, (prior to adjusting for race). Participants who reported oral sex
were also significantly more likely to report more frequent vaginal sex, a new partner or anal
sex in the last 4 weeks. This suggests that in our study, oral sex was not a substituted
behavior for vaginal-penile sex. Alternatively, dyspareunia could be the result of prevalent
genital tract infection which should lead positive rather than a negative association between
oral sex and genital tract infection (i.e. the opposite of our finding).

It is possible that social desirability bias may have affected disclosure of oral sex, and the
clustering of risk factors in women who disclosed oral sex could suggest that women who
report oral sex might be less affected by such bias. However, such misclassification would
be expected to weaken rather than distort the association. We believe that the relatively low
rate of oral sex is better explained by the infrequent practice of oral sex reported in the late
1990s among predominately black populations?!.

Confounding by race may explain the association between oral sex and a lower gonorrhoea
prevalence as black women report less oral sex?! and may have a two to four times higher
gonorrhoea prevalence than white women?22. Following stratification by race the negative
association between oral sex and gonorrhoea prevalence did not reach statistical significance
(black women p=0.074; white women: p=0.3). Confounding by race could however not
explain the negative association between oral sex and endometritis.

Secondary analysis always carries a risk of spurious associations. We believe that the risk
for this is small as our analysis was driven by independently generated hypothesis. Lastly,
endometritis is a strong indicator of salpingitis but it is not the same and our paper only
assesses endometritis as defined abovel®. The absence of endometritis does not exclude PID
and endometritis might not be associated with the same risk of infertility23. However
compared with laparoscopically diagnosed PID, endometritis has a sensitivity of 70%-89%
and a specificity of 67%-92%24-26 and is probably the best surrogate measurement for PID
where a gold standard diagnosis with laparoscopy and fimbrial biopsy is not possible. We
accept that the use of a surrogate measurement may have introduced a bias.

Interpretation

Our findings are consistent with our hypothesis that pharyngeal exposure to antigens can
stimulate an adaptive immunological response in the genital tract. Experimental research by
Johansen et al1% showed that lymphocytes primed in the nasopharynx can later be found in
the endocervix. Johansson et al?” showed that antigenic exposure of the pharynx has been
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found to result in a stronger immune response (IgA) in women than antigenic exposure of
the vagina. Cuburu et al?8 were able to induce a genital B cell and T cell response following
sublingual immunization.

Our findings are consistent with our hypothesis that pharyngeal exposure to antigens is more
effective in the induction of an adaptive immunological response than vaginal exposure.
Lymphatic tissue is abundant and exposed in the pharynx while it is sparse and not exposed
in the vagina. It is thus possible that pharyngeal exposure could be more effective than
genital exposure in priming or boosting the immune system. If this were the case, one could
expect that STIs could be cleared faster from the oropharynx than the genital tract. This
hypothesis is supported by the findings of Winkstrém et al?® who showed that of 128
women with confirmed genital chlamydial infection who also practiced unprotected
receptive oral sex, only 9 had a positive pharyngeal strand displacement amplification
(SDA) test for chlamydia. An alternative explanation is that genital priming of the immune
system could reduce pharyngeal carriage.

Oral sex reduced the cervical prevalence of gonorrhoea (prior to adjusting for race) but did
not of chlamydia or Mycoplasma genitalium. We believe that this could be explained by
differences in pharyngeal exposure to STI antigens. Urethral discharge is more likely in
gonorrhoeal than in chlamydial or mycoplasmal infection. Unless ejaculation occurs,
pharyngeal STI antigen exposure relies on the presence of antigens on the glans penis.
Moncada et al3? showed that self collected swabs from the glans penis had a good sensitivity
of the nucleic acid amplification tests for Nefsseria gonorrhoeae (>92%) but not for
Chlamyadia trachomatis (56 to 68%).

The immune response primed in the pharynx could also have a protective effect in the
genital tract. It could either lead to a faster elimination of STI pathogens or by prevention of
ascending infection. The former is supported by our finding of lower gonorrhoea prevalence
in women who reported engaging in recent oral sex (prior to adjusting for race) and by
research in animal models, showing that oral vaccination in the mouse model reduced the
bacterial load of genital chlamydial infection3!. Faster elimination of pathogens from the
lower genital tract may in turns reduce the risk of ascending genital tract infection.

We are not the first to formulate the hypothesis that oral sex could stimulate the immune
system. Pre-eclampsia, a hypertensive disorder of pregnancy, is associated with maternal
exposure to paternally derived antigens of the fetus. Pre-eclampsia is more frequent in
women who have not had a prolonged period of unprotected sex with father of the foetus
prior to conception32-34, Koelman et al® found that women who practiced oral sex with their
partner had lower odds of developing pre-eclampsia and attributed this to the improved
recognition HLA derived peptides in the seminal fluid through oral sex.

While our findings are plausible it is important not to overstate our case. Our findings need
to be confirmed in other studies specifically designed to test our hypothesis. However if the
association could be confirmed it could have important implications for health care and
public health. National surveys of sexual behaviour in the U.K. and U.S. show that oral sex
is part of the normal sexual repertoire3%:36, Oral sex has traditionally been viewed as high
risk behaviour. However, our data suggests that instead it might have a protective effect. As
condom promotion, hormonal contraception3” and chlamydia screening have been
inconsistently linked to reductions in STls or PID, the discovery of new factors protective
against lower and upper genital tract infection is of particular importance.

Our findings of a potentially beneficial effect should be interpreted with caution. There is
strong evidence that unprotected oral sex in high risk situations contributes to STI
transmission in men who have sex with men38 and male clients of commercial sex

Int J STD AIDS. Author manuscript; available in PMC 2013 November 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Pittrof et al.

Page 7

workers39. Transmission of oncogenic HPV through oral sex has been assumed to be the
driver in the increase of oral cancers*® and the transmission of other bacterial or viral STIs
including HIV has been reported. On the other hand if oral sex reduces the bacterial load of
STls in the lower genital tract, then unprotected heterosexual, non transactional oral sex may
not carry many health risks and may have advantages both for the individual and the
population.

Conclusion

This is the first study showing that oral sex was associated with a reduced likelihood of
histologically confirmed endometritis among patients with clinically suspected PID, even
after adjustment for traditional STI risk factors. We believe that this association is best
explained through effective priming of the immune system through oral sex, a hypothesis
supported by studies in reproductive immunology. We hope that our findings will stimulate
the research community to test our hypothesis further. In particular it would be interesting to
measure the immune response in women with pharyngeal and genital tract STIs.

Acknowledgments

Dr Haggerty had had full access to all of the data in the study and takes responsibility for the integrity of the data
and the accuracy of the data analysis.

Funding: The parent PEACH study was supported by grant HS08358-05 from the Agency for Healthcare Research
and Quality

References

1. Brunham RC, Binns B, Guijon F, et al. Etiology and outcome of acute pelvic inflammatory disease.
J Infect Dis. 1988; 158(3):510-517. [PubMed: 3045213]

2. Chow JM, Yonekura ML, Richwald GA, Greenland S, Sweet RL, Schachter J. The association
between Chlamydia trachomatis and ectopic pregnancy: a matched-pair, case-control study. JAMA.
1990; 263(23):3164-3167. [PubMed: 2348526]

3. Ness RB, Soper DE, Richter HE, et al. Chlamydia antibodies, Chlamydia heat shock protein, and
adverse sequelae after pelvic inflammatory disease: the PID Evaluation and Clinical Health
(PEACH) Study. Sex Transm Dis. 2008; 35(2):129-135. [PubMed: 18300379]

4. Robertson JN, Ward ME, Conway D, et al. Chlamydial and gonococcal antibodies in sera of
infertile women with tubal obstruction. J Clin Pathol. 1987; 40(4):377-383. [PubMed: 3108327]

5. Westrom L, Joesoef R, Reynolds G, Hagdu A, Thompson SE. Pelvic inflammatory disease and
fertility: a cohort study of 1,844 women with laparoscopically verified disease and 657 control
women with normal laparoscopic results. Sex Transm Dis. 1992; 19(4):185-192. [PubMed:
1411832]

6. Chesson HW, Collins D, Koski K. Formulas for estimating the costs averted by sexually transmitted
infection (STI) prevention programs in the United States. Cost Eff Resour Alloc. 2008; 6:10.
[PubMed: 18500996]

7. Rein DB, Gift TL. A refined estimate of the lifetime cost of pelvic inflammatory disease. Sex
Transm Dis. 2004; 31:325. [PubMed: 15107638]

8. Darville T, Hiltke T. Pathogenesis of genital tract disease due to Chlamydia trachomatis. J Infect
Dis. 2010; 201(suppl 2):S114-S125. [PubMed: 20524234]

9. Koelman CA, Coumans AB, Nijman HW, Doxiadis Il, Dekker GA, Claas FH. Correlation between
oral sex and a low incidence of preeclampsia: a role for soluble HLA in seminal fluid? J Reprod
Immunol. 2000; 46(2):155-166. [PubMed: 10706945]

10. Johansen FE, Baekkevold ES, Carlsen HS, Farstad IN, Soler D, Brandtzaeg P. Regional induction
of adhesion molecules and chemokine receptors explains disparate homing of human B cells to
systemic and mucosal effector sites: dispersion from tonsils. Blood. 2005 Jul 15; 106(2):593-600.
Epub 2005 Apr 12. [PubMed: 15827133]

Int J STD AIDS. Author manuscript; available in PMC 2013 November 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Pittrof et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Page 8

Ness RB, Soper DE, Peipert J, et al. Design of the PID evaluation and clinical health (PEACH)
study. Control Clinical Trials. 1998; 19:499-514.

Nugent RP, Krohn MA, Hillier SL. Reliability of diagnosing bacterial vaginosis is improved by a
standardized method of Gram stain interpretation. J Clin Microbiol. 1991; 29:297-301. [PubMed:
1706728]

Haggerty CL, Totten PA, Astete SG, Lee S, Hoferka SL, Kelsey SF, Ness RB. Failure of cefoxitin
and doxycycline to eradicate endometrial Mycoplasma genitalium and the consequence for clinical
cure of pelvic inflammatory disease. Sex Transm Infect. 2008; 84(5):338-342. [PubMed:
18445635]

Ness RB, Keder LM, Soper DE, Amortegui AJ, Gluck J, Wiesenfeld H. Oral contraception and the
recognition of endometritis. American Journal of Obstetrics & Gynecology. 1997; 176(3):580-
585. [PubMed: 9077610]

Kiviat NB, Wolner-Hanssen P, Eschenbach DA, et al. Endometrial histopathology in patients with
culture-proved upper genital tract infection and laparoscopically diagnosed acute salpingitis. Am J
Surg Pathol. 1990; 14:167-175. [PubMed: 2137304]

Standerwick K, Davies C, Tucker L, Sheron N. Binge drinking, sexual behaviour and sexually
transmitted infection in the UK. Int J STD AIDS. 2007; 18(12):810-813. [PubMed: 18073010]
Hutton HE, McCaul ME, Santora PB, Erbelding EJ. The Relationship Between Recent Alcohol
Use and Sexual Behaviors: Gender Differences Among Sexually Transmitted Disease Clinic
Patients. Alcohol Clin Exp Res. 2008; 32(11) Date 2008-2015.

Jenness SM, Begier EM, Neaigus A, Murrill CS, Wendel T, Hagan H. Unprotected Anal
Intercourse and Sexually Transmitted Diseases in High-Risk Heterosexual Women. Am J Public
Health. 2010 0: AJPH.2009.181883v1.

Nordvik MK, Liljeros F. Number of sexual encounters involving intercourse and the transmission
of sexually transmitted infections. Sex Transm Dis. 2006; 33:342-349. [PubMed: 16721329]

Scholes D, Daling JR, Stergachis AS. Current cigarette smoking and risk of acute pelvic
inflammatory disease. Am J Public Health. 1992; 82(10):1352-1355. [PubMed: 1415858]

Evans B, Bond R, MacRae K. Racial origin, sexual behavior, and genital infection among
heterosexual men attending a genitourinary medicine clinic in London (1993-4). Sex Transm
Infect. 1998; 74:40. [PubMed: 9634302]

Bradley H, Satterwhite CL. Prevalence of Neisseria gonorrhoeae infections among men and
women entering the National Job Training Program--United States 2004—2009. Sex Transm Dis.
2012; 39:49-54. [PubMed: 22183847]

Haggerty CL, Ness RB, Amortegui A, Hendrix SL, Hillier SL, Holley RL, Peipert J, Randall H,
Sondheimer SJ, Soper DE, Sweet RL, Trucco G. Endometritis does not predict reproductive
morbidity after pelvic inflammatory disease. Am J Obstet Gynecol. 2003; 188(1):141-148.
[PubMed: 12548208]

Paavonen J, Aine R, Teisala K, Heinonen PK, Punnonen R. Comparison of endometrial biopsy and
peritoneal fluid cytologic testing with laparoscopy in the diagnosis of acute pelvic inflammatory
disease. Am J Obstet Gynecol. 1985; 151(5):645-650. [PubMed: 3156502]

Paavonen J, Teisala K, Heinonen PK, et al. Microbiological and histopathological findings in acute
pelvic inflammatory disease. Br J Obstet Gynaecol. 1987; 94:454-460. [PubMed: 3580330]

Wasserheit JN, Bell TA, Kiviat NB, et al. Microbial causes of proven pelvic inflammatory disease
and efficacy of clindamycin and tobramycin. Ann Intern Med. 1986; 104(2):187-193. [PubMed:
3004276]

Johansson EL, Wassén L, Holmgren J, Jertborn M, Rudin A. Nasal and vaginal vaccinations have
differential effects on antibody responses in vaginal and cervical secretions in humans. Infect
Immun. 2001; 69:7481-7486. [PubMed: 11705923]

Cuburu N, Kweon M-N, Hervouet C, Cha H-R, Pang Y-YS, Holmgren J, Stadler K, Schiller JT,
Anjuere F, Czerkinsky C. Sublingual Immunization with Nonreplicating Antigens Induces
Antibody-Forming Cells and Cytotoxic T Cells in the Female Genital Tract Mucosa and Protects
against Genital Papillomavirus Infection. J. Immunol. 2009; 183:7851-7859. [PubMed: 19933861]

Int J STD AIDS. Author manuscript; available in PMC 2013 November 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Pittrof et al.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 9

Wikstrom A, Rotzén-Ostlund M, Marions L. Occurrence of pharyngeal Chlamydia trachomatis is
uncommon in patients with a suspected or confirmed genital infection. Acta Obstet Gynecol
Scand. 2010; 89(1):78-81. [PubMed: 19916883]

Moncada J, Schachter J, Liska S, Shayevich C, Klausner JD. Evaluation of self-collected glans and
rectal swabs from men who have sex with men for detection of Chlamydia trachomatis and
Neisseria gonorrhoeae by use of nucleic acid amplification tests. J Clin Microbiol. 2009 Jun.47(6)

Hickey DK, Aldwell FE, Beagley KW. Oral immunization with a novel lipid-based adjuvant
protects against genital Chlamydia infection. Vaccine. 2010; 28(7):1668-1672. [PubMed:
20026449]

Marti J, Herrmann U. Immunogestosis: a new etiologic concept of essential EPH gestosis, with
special consideration of the primigravid patient. Am. J. Obstet. Gynaecol. 1977; 128:489-491.
Klonoff-Cohen HS. An epidemiologic study of contraception and pre-eclampsia. J. Am. Med.
Assoc. 1987; 262:3143-3146.

Robillard PY. Association of pregnancy-induced hypertension with duration of sexual cohabitation
before conception. Lancet. 1994; 344:973-975. [PubMed: 7934427]

Johnson AM, Mercer CH, Erens B, Copas AJ, McManus S, Wellings K, Fenton KA, Korovessis C,
Macdowall W, Nanchahal K, Purdon S, Field J. Sexual behaviour in Britain: partnerships,
practices, and HIV risk behaviours. Lancet. 2001; 358(9296):1835-1842. [PubMed: 11741621]
Herbenick D, Reece M, Schick V, Sanders SA, Dodge B, Fortenberry JD. Sexual behavior in the
United States: results from a national probability sample of men and women ages 14-94. J Sex
Med. 2010 Oct 7.(Suppl 5):255-265. [PubMed: 21029383]

Gursahaney PR, Meyn LA, Hillier SL, Sweet RL, Wiesenfeld HC. Combined hormonal
contraception may be protective against Neisseria gonorrhoeae infection. Sex Transm Dis. 2010;
37(6):356-360. [PubMed: 20453722]

Bernstein KT, Stephens SC, Barry PM, Kohn R, Philip SS, Liska S, Klausner JD. Chlamydia
trachomatis and Neisseria gonorrhoeae transmission from the oropharynx to the urethra among
men who have sex with men. Clin Infect Dis. 2009; 49(12):1793-1797. [PubMed: 19911970]

Wong ML, Chan RK. A prospective study of pharyngeal gonorrhoea and inconsistent condom use
for oral sex among female brothel-based sex workers in Singapore. Int J STD AIDS. 1999; 10(9):
595-599. [PubMed: 10492426]

Heck JE, Berthiller J, Vaccarella S, Winn DM, Smith EM, Shan'gina O, Schwartz SM, Purdue MP,
Pilarska A, Eluf-Neto J, Menezes A, McClean MD, Matos E, Koifman S, Kelsey KT, Herrero R,
Hayes RB, Franceschi S, Wiinsch-Filho V, Fernandez L, Daudt AW, Curado MP, Chen C,
Castellsagué X, Ferro G, Brennan P, Boffetta P, Hashibe M. Sexual behaviours and the risk of
head and neck cancers: a pooled analysis in the International Head and Neck Cancer Epidemiology
(INHANCE) consortium. Int J Epidemiol. 2010; 39(1):166-1681. [PubMed: 20022926]

Int J STD AIDS. Author manuscript; available in PMC 2013 November 01.



Pittrof et al. Page 10

Int J STD AIDS. Author manuscript; available in PMC 2013 November 01.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Pittrof et al.

Characteristics of Women Reporting and Not Reporting Oral Sex at Baseline

Table 1

Oral Sex + | Oral Sex— | p-value
N=145 N=474
n (%) n (%)
Demographic Characteristics
Age
<=19 37 (25.5) 120 (25.3) | 0.70
20-24 62 (42.8) 187 (39.5)
>=25 46 (31.7) 167 (35.2)
Race
Black 69 (47.6) 370 (78.1) | <.0001
White 51 (35.2) 62 (13.1)
Other 25(17.2) 42 (8.9)
Education
< HS grad 51(35.2) 186 (39.2) | 0.65
HS grad 58 (40.0) 173 (36.5)
> HS grad 36 (24.8) 115 (24.3)
Activity past 4 weeks:
Working or homemaker 96 (66.2) 296 (62.4) | 0.64
Student 10 (6.9) 48 (10.1)
Unemployed/Looking for work 36 (24.8) 117 (24.7)
Disabled/other 3(21) 13 (2.7)
Sexual History (past 4 weeks) and Contraception History
Had sex 145 (100.0) | 374 (78.9) | <.0001
Number of partners (mean, sd) 1.8 (5.0 0.87 (.62) 0.02
New partner 21 (14.5) 40 (8.4) 0.03
Frequency of sex/week (mean, sd) 4.8(6.7) 22(3.1) <.0001
Anal sex 10 (6.9) 7(1.5) <.0001
Contraception History
Oral Contraception
No 127 (87.6) 329 (88.0) | 0.91
Yes 18 (12.4) 45 (12.0)
Condom Use
Consistent condom use 16 (11.0) 46 (12.3) 0.69
Inconsistent condom/no contraception 129 (89.0) 328 (87.7)

Behavioral Characteristics

Smoking Status
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Oral Sex + | Oral Sex— | p-value
N=145 N=474
n (%) n (%)
Never smoked 44 (30.3) 259 (54.9) | <.0001
Past smoker 10 (6.9) 28 (5.9)
Current smoker 91 (62.8) 185 (39.2)
Alcohol Use past 4 weeks *
None 48 (33.1) 230 (48.7) | 0.004
<= 15 drinks/week 82 (56.6) 209 (44.3)
> 15 drinks/week 15 (10.3) 33 (7.0)
Other recreational drugs
None 90 (65.7) 358 (77.5) | 0.02
Marijuana 44 (32.1) 100 (21.6)
Other drugs 3(2.2) 4(0.9)
Douching History Past 4 Weeks
None 88 (60.7) 271(57.4) | 048
Any 57 (39.3) 201 (42.6)
Clinical Characteristics at Baseline
Baseline ST1 (cervical and/or endometrial)
CT 29 (22.5) 102 (23.6) | 0.80
GC 8(7.8) 79 (21.6) 0.001
GC and/or CT 37 (27.4) 179 (40.5) | 0.006
MG 13 (12.0) 48 (13.3) 0.73
Mucopurulent Cervicitis 70 (53.4) 269 (62.0) | 0.08
Leukorrhea 115 (80.4) 406 (86.9) | 0.05
BV 66 (51.6) 262 (60.2) | 0.21

*
Alcohol units: wine, 1 glass = 4 ounces; beer, 1 can = 12 ounces; hard liquor, 1 shot = 1 ounce
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Table 2

Association between Oral Sex and Endometritis

Oral Sex+ | OralSex | OR(95% CIl) | oRr,. (95%CI)*
n (%) n (%) Adj (95%Cl1)

Entire Cohort (N=619)

Endometritis+ 56 (38.6) | 246 (51.9) | 0.6 (0.4-0.9) 0.5(0.3-0.8)

Endometritis— 89 (61.4) | 228(48.1) p=0.005 p=0.007
Subset of CT+ (N=131)

Endometritis+ 19 (65.5) 71 (69.6) 0.8 (0.3-2.0) 0.6 (0.2-1.9)

Endometritis— 10 (34.5) 31(30.4) p=0.675 p=0.356
Subset of GC+ (N=87)

Endometritis+ 4 (50.0) 65(82.3) | 0.2(0.05-1.0) 0.2(0.01-2.2)

Endometritis— 4 (50.0) 14 (17.7) p=0.032 p=0.176
Subset of MG+ (N=61)

Endometritis+ 7(53.8) 35(72.9) 0.4(0.1-15) 0.2(0.03-1.2)

Endometritis— 6 (46.2) 13 (27.1) p=0.188 p=0.082
Subset of BV+ (N=328)

Endometritis+ 31(47.0) | 146 (55.7) | 0.7(0.4-12) 0.5(0.3-1.0)

Endometritis— 35 (53.0) 116 (44.3) p=0.202 p=0.062

*
Adjusted for race, number of partners, new partner, smoking, alcohol use, drug use
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