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CHLAMYDI AL I NFECTI ONS: I NTRODUCTI ON
Chlamydiae are obligate int racellular bacteria that  cause a wide variety of diseases in hum ans and 
animals.

ETI OLOGI C AGENTS
The chlam ydiae were originally classified as four species in the genus Chlam ydia:  C. t rachomat is,  C .  
pneum oniae,  C. psit taci,  and C. pecorum  ( the last species being found in ruminants) . The C. psit taci
group has been separated into three species:  C. psit taci ,  C. felis,  and C. abortus.  The mouse 
pneum onit is strain (MoPn)  is now classified as C. muridarum , and the guinea pig inclusion conjunctivit is 
strain (GPI C)  is now designated C. caviae.

C. t rachom at is is divided into two biovars:  trachoma and LGV ( lym phogranuloma venereum). The 
t rachom a biovar causes two major types of disease in humans:  ocular t rachoma, the leading infect ious 
cause of preventable blindness in the developing world;  and urogenital infect ions, which are sexually  or 
neonatally t ransmitted. The 18 serovars of C. t rachom atis fall into three groups:  the t rachom a serovars 
A, B, Ba, and C;  the oculogenital serovars D–K;  and the LGV serovars L1–L 3. Serovars can be 

dist inguished by serologic typing with monoclonal ant ibodies or by molecular gene typing. However, 
serovar ident ificat ion usually is not important  clinically, since the ant ibiot ic suscept ibility  pat tern is the 
sam e for all three groups. The one exception applies when LGV is suspected on clinical grounds;  in this 
situat ion, serovar determination is important  because a longer t reatment  durat ion is required for LGV 
strains.

BI OLOGY, GROW TH CYCLE, AND PATHOGENESI S

Biology
During their intracellular growth, chlam ydiae produce characterist ic int racytoplasmic inclusions that  can 
be visualized by direct fluorescent  ant ibody (DFA)  or Giem sa staining of infected clinical material,  such 
as conjunct ival scrapings or cervical or urethral epithelial cells. Chlamydiae are nonm otile, gram -
negat ive, obligate int racellular bacteria that  replicate within the cytoplasm of host  cells, form ing the 
characterist ic mem brane-bound inclusions that are the basis for some diagnost ic tests. Originally 
considered to be large viruses, chlam ydiae differ from  viruses in possessing RNA and DNA as well as a 
cell wall that is quite sim ilar in structure to the cell wall of typical gram -negative bacteria. However, 
chlam ydiae lack pept idoglycan;  their st ructural integrity depends on disulfide binding of outer-
membrane proteins.

Grow th Cycle
Among the defining characterist ics of chlamydiae is a unique growth cycle that  involves alternation 
between two highly specialized morphologic form s (Figs. 1 7 6- 1  and 1 76 - 2 ) :  the elementary body 
(EB) , which is the infect ious form and is specif ically  adapted for ext racellular survival,  and the 
metabolically  act ive and replicat ing ret iculate body (RB) , which is not  infect ious, is adapted for an 
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int racellular environment , and does not  surv ive well outside the host  cell. The biphasic growth cycle 
begins with at tachm ent  of the EB (diameter, 0.25–0.35 m)  at  specific sites on the surface of the host 
cell.  The EB enters the cell through a process similar to receptor- mediated endocytosis and resides in an 
inclusion, where the ent ire growth cycle is completed. The chlamydiae prevent  phagosom e- lysosom e 
fusion. The inclusion m em brane is modified by insert ion of chlamydial ant igens. Once the EB has 
entered the cell, it  reorganizes into an RB, which is larger (0.5–1  m)  and contains more RNA. After 8  
h, the RB starts to divide by binary fission. The int racytoplasm ic, mem brane-bound inclusion body 
containing the RBs increases in size as the RBs m ult iply. Approxim ately 18–24 h after infect ion of the 
cell,  these RBs begin to become EBs by a reorganizat ion or condensation process that is poorly 
understood. After rupture of the inclusion body, the EBs are released to init iate another cycle of 
infect ion.

Figure 1 7 6 - 1

Chlam ydia l in tracellular  inclusions f illed wit h smaller  dense elem entary bodies and larger  ret iculate bodies.  
[ Repr inted with perm ission from  WE Stam m:  Chlamydial infect ions,  in Harr ison — s Pr inciples of I nternal 
Medicine,  17th ed, AS Fauci et  al ( eds) .  New York,  McGraw-Hill,  2008,  p 1070.]

Figure 1 7 6 - 2
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Chlamydiae are suscept ible to m any broad-spect rum ant ibiot ics and possess a num ber of enzym es, but  
they have a very restr icted metabolic capacity. None of these m etabolic react ions results in the 
product ion of energy. Chlam ydiae have thus been considered to be energy parasites that use the ATP 
produced by the host  cell for their own metabolic funct ions. Many aspects of chlamydial m olecular 
biology are not well understood, but  the sequencing of several chlamydial genomes and new proteom ics 
research have provided researchers with many relevant  tools for elucidat ing the biology of the life cycle.

Pathogenesis
Genital infect ions are most ly  caused by C. t rachom at is serovars D–K, with serovars D, E, and F involved 
most  often. Molecular typing of the major outer-m embrane protein gene (omp1)  from which serovar 
differences arise has been used to dem onst rate that polym orphism s can occur in isolates from pat ients 
who are exposed frequent ly to m ult iple infect ions, while less variat ion is observed in isolates from  less 
sexually act ive populat ions. Polymorphism s in the m ajor outer-membrane protein may provide ant igenic 
variat ion, and the dif ferent  form s allow persistence in the com munity because im munity to one is not  
protect ive against the others.

Chlam ydia l life cycle.  EBs,  elem entary bodies;  RBs, ret iculate bodies;  I FN- ,  int er feron .  [ Reprinted with 
perm ission from  WE Stamm:  Chlamydial infect ions, in Harrison— s Principles of I nternal Medicine, 17th ed,  AS 
Fauci et  al ( eds) .  New York,  McGraw-Hill,  2008,  p 1071.]
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The t rachoma biovar is essentially a parasite of squamocolum nar epithelial cells;  the LGV biovar is more 
invasive and involves lym phoid cells. As is typical of chlamydiae, C. t rachom at is st rains are capable of 
causing chronic, clinically inapparent , asym ptomatic infect ions. Because the durat ion of the chlamydial 
growth cycle is 48–72 h, the incubation period of sexually t ransmit ted chlamydial infect ions is 
relat ively long— generally 1–3 weeks. C. t rachom at is causes cell death as a result  of it s replicat ive cycle 
and can induce cell dam age whenever it  persists. However, few toxic effects are demonst rated, and cell 
death because of chlamydial replicat ion is not sufficient  to account  for disease m anifestat ions, the 
majority of which are due to im munopathologic mechanisms or nonspecif ic host responses to the 
organism  or it s byproducts.

I n recent years, the ent ire genomes of various chlamydial species have been sequenced, the f ield of 
proteomics has become established, host  innate imm unity has been more precisely delineated, and 
innovat ive host  cell–chlam ydial interact ion studies have been conducted. As a result ,  many insights 
have been gained into how chlamydiae adapt  and replicate in their int racellular environment  and 
produce disease. These insights into pathogenesis include inform at ion on the regulat ion of gene 
expression, protein localizat ion, the type I I I  secret ion system, the roles of CD4+  and CD8+  T 
lym phocytes in the host response, and T lymphocyte t raff ick ing.

The chlam ydial heat -shock protein, which shares ant igenic epitopes with sim ilar proteins of other 
bacteria and with hum an heat -shock protein, may sensit ize the host , and repeated infect ions may cause 
host  cell dam age. Persistent  or recurrent  chlamydial infect ions are associated with fibrosis, scarring, 
and com plicat ions following sim ple epithelial infect ions. A com mon endpoint of these late consequences 
is scarring of m ucous m em branes. Genital com plicat ions can lead to pelvic inflamm atory disease (PI D)  
and its late consequences of infert ility , ectopic pregnancy, and chronic pelv ic pain, while ocular 
infect ions m ay lead to blinding t rachom a. High levels of ant ibody to hum an heat -shock protein have 
been associated with tubal factor infert ilit y and ectopic pregnancy. Without adequate therapy, 
chlam ydial infect ions may persist  for several years, although symptom s— if present — usually abate.

Pathogenic mechanisms of C. pneum oniae have yet  to be com pletely elucidated. The sam e is t rue for C .  
psit taci,  except that this agent  infects cells very efficient ly and causes disease that  m ay reflect  direct  
cytopathic effects.

C HLAMYDI A TRACHOMATI S I NFECTI ONS

Genita l I nfect ions
SPECTRUM
Although chlam ydiae cause a number of human diseases, localized lower genital t ract infect ions caused 
by  C. t rachom at is and the sequelae of such infect ions are the most  important  in terms of medical and 
econom ic impact . Oculogenital infect ions due to C. t rachomat is serovars D–K are transm it ted during 
sexual contact or from  m other to baby during childbirth and are associated with many syndromes, 
including cerv icit is,  salpingit is,  acute urethral syndrom e, endomet rit is, ectopic pregnancy, infert ilit y,  and 
PID in fem ale pat ients;  urethrit is,  proct it is,  and epididymit is in male pat ients;  and conjunct ivit is and 
pneum onia in infants. Women bear the greatest  burden of morbidity because of the serious sequelae of 
these infect ions. Unt reated infect ions lead to PI D, and m ult iple episodes of PI D can lead to tubal factor 
infert ilit y and chronic pelvic pain. Studies est imate that  up to 80–90%  of wom en and > 50%  of men 
with C. trachomat is genital infect ions lack sym ptom s;  other pat ients have very mild sym ptoms. Thus a 
large reservoir of infected persons continues to t ransmit  infect ion to sexual partners.

As their designat ions ref lect , the LGV serovars (L1,  L2, and L3)  cause LGV, an invasive sexually 
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t ransmit ted disease (STD) characterized by acute lymphadenit is with bubo formation and/ or acute 
hem orrhagic proct it is (see "Lym phogranuloma Venereum ," below) .

EPI DEMI OLOGY
C. t rachom at is genital infect ions are global in dist r ibut ion. The World Health Organizat ion (WHO) 
est imates that  > 89 m illion cases occur annually worldwide. I n the United States, these infect ions are 
the most  com monly reported of all infect ious diseases. I n 2009, 1.24 million cases were reported to the 
U.S. Centers for Disease Cont rol and Prevent ion (CDC);  however, the CDC estimates that 2–3 m illion 
new cases occur per year, with substant ial underreport ing due to lack of screening in some populat ions. 
Rates of infect ion increase every year;  higher rates among women than am ong men reflect  the focus on 
expansion of screening programs in women during the past 20 years, the use of increasingly sensit ive 
diagnostic tests, an increased emphasis on case report ing, and improvements in the inform at ion 
system s used for report ing. The CDC and other professional organizat ions recomm end annual screening 
of all sexually act ive women 25 years of age as well as rescreening of previously infected individuals at 
3 months. Young wom en have the highest  infect ion rates;  in 2008, the f igures were 3275.8 and 3179.9 
cases per 100,000 populat ion at 15–19 and 20–24 years of age, respect ively. Age-specific rates among 
men, while much lower than those among women, were highest  in the 20- to 24-year-old age group, at 
1056.1 cases per 100,000. I n 2008, rates increased for all racial and ethnic groups;  however, the rate 
am ong blacks was more than eight  t imes higher than that  among whites, with 1519.3 and 173.6 cases 
per 100,000, respect ively. The rates among American I ndian/ Alaska Nat ives (808.8)  and Latinos 
(510.4)  were 4.7 and 2.9 t imes higher, respectively, than that  among whites. These disparit ies are 
im portant  reflect ions of health inequit ies in the United States.

The above stat ist ics are based on case report ing. Studies based on screening surveys est imate that  the 
U.S. prevalence of C. trachomat is cervical infect ion is 5%  am ong asym ptom at ic female college students 
and prenatal pat ients, > 10%  for wom en seen in family planning clinics, and > 20%  for women seen in 
STD clinics. The prevalence of genital C. trachomat is infect ions varies substant ially by geographic 
locale, with the highest  rates in the southeastern United States. However, asymptom at ic infect ions have 
been detected in > 8–10%  of young fem ale m ilitary recruits from all parts of the count ry. The 
prevalence of C. t rachom at is in the cervix of pregnant  women is 5–10 t imes higher than that  of 
Neisseria gonorrhoeae.  The prevalence of genital infect ion with either agent  is highest  among wom en 
who are between the ages of 18 and 24, single, and non-Caucasian (e.g., Afr ican-American, Lat ina, 
Asian, Pacif ic Islander) .  Recurrent  infect ions occur frequently in these sam e risk groups and are often 
acquired from  unt reated sexual partners. The use of oral contracept ion and the presence of cervical 
ectopy also confer an increased risk. The proport ion of infect ions that  are asym ptomat ic appears to be 
higher for C. t rachom at is than for N. gonorrhoeae,  and sym ptomat ic C. trachomat is infect ions are 
clinically less severe. Mild or asymptomat ic C. trachom at is infect ions of the fallopian tubes nonetheless 
cause ongoing tubal damage and infert ility . The costs of C. t rachomatis infect ions and their 
com plicat ions to the U.S. health care system are projected to be > $2.4 billion annually.

CLI N I CAL MANI FESTATI ONS
Nongonococcal and Postgonococcal Urethr it is
C. t rachom at is is the m ost  com mon cause of nongonococcal urethrit is (NGU) and postgonococcal 
urethrit is (PGU). The designat ion PGU refers to NGU developing in men 2–3 weeks after t reatment  of 
gonococcal urethrit is with single doses of agents such as penicillin or cephalosporins, which lack 
ant im icrobial act ivity  against  chlamydiae. Since current  t reatm ent  regimens for gonorrhea have evolved 
and now include combinat ion therapy with tet racycline, doxycycline, or azithromycin— all of which are 
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effect ive against  concomitant  chlam ydial infect ion— both the incidence of PGU and the causat ive role of 
C. t rachom at is in this syndrom e have declined.

I n the United States, m ost  of the est im ated 2 million cases of acute urethrit is are NGU, and C .  
t rachom at is is im plicated in 30–50%  of these cases. The cause of m ost  of the rem aining cases of NGU 
is uncertain, but recent  evidence suggests that  Ureaplasm a urealyt icum ,  Mycoplasma 
genitalium ,Tr ichomonas vaginalis, and herpes simplex v irus (HSV)  cause som e cases. The rate of 
involvement  of C. t rachomat is in urethral infect ion ranges from 3–7%  among asymptom at ic men to 15–
20%  among symptom at ic m en at tending STD clinics. One recent m ult isite study of m en in Balt imore, 
Seat t le, Denver, and San Francisco reported an overall chlamydial prevalence of 7%  in urine samples 
assessed by nucleic acid amplificat ion tests (NAATs) . As in wom en, infect ion in men is age related, with 
young age as the greatest  r isk factor for chlamydial urethrit is. The prevalence am ong men is highest  at  
20–24 years of age. I n STD clinics, urethrit is is usually less prevalent am ong men who have sex with 
men (MSM) than am ong heterosexual men and is almost always much m ore com mon am ong black men 
than am ong white men. One study reported prevalences of 19%  and 9%  am ong nonwhite and white 
heterosexual men, respect ively.

NGU is diagnosed by docum entat ion of a leukocyt ic urethral exudate and by exclusion of gonorrhea by 
Gram — s staining or culture. C. t rachom at is urethrit is is generally less severe than gonococcal urethrit is,  
although in any individual pat ient  these two form s of urethrit is cannot reliably be different iated solely 
on clinical grounds. Sym ptoms include urethral discharge (often whit ish and mucoid rather than frankly 
purulent ) ,  dysuria, and urethral it ching. Physical exam inat ion may reveal m eatal erythema and 
tenderness as well as a urethral exudate that  is often demonst rable only by st r ipping of the urethra.

At least  one- third of male pat ients with C. trachomat is urethral infect ion have no evident  signs or 
symptom s of urethrit is.  The availability  of NAATs for first -void urine specim ens has facilitated broader-
based test ing for asymptom at ic infect ion in male patients. As a result , asymptomat ic chlamydial 
urethrit is has been dem onst rated in 5–10%  of sexually act ive m ale adolescents screened at school-
based clinics or comm unity  centers. Such patients generally have pyuria ( 15 leukocytes per 400 x

microscopic field in the sediment  of first -void urine) , a posit ive leukocyte esterase test , or an increased 
num ber of leukocytes on a Gram-stained smear prepared from a urogenital swab inserted 1–2 cm into 
the anterior urethra. To different iate between true urethrit is and funct ional symptoms in sym ptomatic 
pat ients or to m ake a presumpt ive diagnosis of C. t rachom at is infect ion in high- risk but  asymptom at ic 
men (e.g., male pat ients in STD clinics, sex partners of wom en with nongonococcal salpingit is or 
mucopurulent cervicit is,  fathers of children with inclusion conjunct ivit is) ,  the examinat ion of an 
endourethral specimen for increased leukocytes is useful if specific diagnost ic tests for chlam ydiae are 
not  available. Alternat ively, urethrit is can be assayed noninvasively by exam inat ion of a first -void urine 
sam ple for pyuria, either by m icroscopy or by the leukocyte esterase test . Urine (or a urethral swab)  
can also be tested direct ly for chlamydiae by DNA am plif icat ion methods, as described below (see 
"Detect ion Methods") .

Epididym it is
Chlamydial urethrit is may be followed by acute epididymit is, but  this condit ion is rare, generally 
occurring in sexually act ive pat ients < 35 years of age;  in older men, epididymit is is usually associated 
with gram-negat ive bacterial infect ion and/ or instrum entat ion procedures. I t  is est im ated that  50–70%  
of cases of acute epididym it is are caused by C. t rachom at is. The condit ion usually  presents as unilateral 
scrotal pain with tenderness, swelling, and fever in a young m an, often occurring in associat ion with 
chlam ydial urethrit is. The illness m ay be m ild enough to treat  with oral ant ibiot ics on an outpat ient  
basis or severe enough to require hospitalizat ion and parenteral therapy. Test icular torsion should be 
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excluded prom pt ly  by radionuclide scan, Doppler flow study, or surgical explorat ion in a teenager or 
young adult  who presents with acute unilateral test icular pain without  urethrit is.  The possibilit y of 
test icular tum or or chronic infect ion (e.g.,  tuberculosis)  should be excluded when a pat ient with 
unilateral intrascrotal pain and swelling does not  respond to appropriate antimicrobial therapy.

React ive  Arthrit is
React ive arthrit is ( form erly  known as Reiter— s syndrome)  consists of conjunct ivit is,  urethrit is (or, in 
fem ale pat ients, cerv icit is) ,  arthrit is,  and characterist ic m ucocutaneous lesions. I t  may develop in 1–2%  
of cases of NGU and is thought to be the m ost  com mon type of peripheral inflam matory arthrit is in 
young men. C. t rachomatis has been recovered from  the urethra of 16–44%  of pat ients with react ive 
ar thrit is and from 69%  of men who have signs of urogenital inflamm at ion at  the t im e of examination. 
Ant ibodies to C. t rachom at is have also been detected in 46–67%  of pat ients with react ive arthrit is, and 
Chlamydia-specific cell-m ediated im munity has been docum ented in 72% . In addit ion, C. t rachomatis
has been isolated from synovial biopsy samples from  15 of 29 patients in a number of small series and 
from a smaller proport ion of synovial fluid specimens. Chlam ydial nucleic acids have been identified in 
synovial mem branes and chlamydial EBs in joint  fluid. The pathogenesis of react ive arthrit is is unclear, 
but  this condit ion probably represents an abnormal host  response to a num ber of infect ious agents, 
including those associated with bacterial gast roenterit is (e.g.,  Salm onella,  Shigella,  Yersinia,  or 
Campylobacter)  or to infect ion with C. trachomat is or  N. gonorrhoeae.  Since > 80%  of affected pat ients 
have the HLA-B27 phenotype and since other m ucosal infect ions produce an ident ical syndrom e, 
chlam ydial infect ion is thought  to init iate an aberrant  hyperact ive imm une response that produces 
inflamm at ion of the involved target organs in these genetically  predisposed individuals. Evidence of 
exaggerated cell-mediated and humoral im mune responses to chlam ydial ant igens in reactive arthrit is 
supports this hypothesis. The finding of chlamydial EBs and DNA in joint  f luid and synovial t issue from  
pat ients with reactive arthrit is suggests that  chlamydiae m ay actually  spread from genital to joint 
t issues in these pat ients— perhaps in m acrophages.

NGU is the init ial m anifestat ion of react ive arthrit is in 80%  of pat ients, typically occurring within 14 
days after sexual exposure. The urethrit is may be mild and m ay even go unnot iced by the pat ient . 
Similarly, gonococcal urethrit is m ay precede reactive arthrit is,  but  co- infect ion with an agent  of NGU is 
difficult  to rule out. The urethral discharge may be purulent  or m ucopurulent , and pat ients may or m ay 
not  report  dysuria. Accompanying prostat it is,  usually asymptom at ic, has been described. Arthrit is 
usually begins 4 weeks after the onset  of urethrit is but  may develop sooner or, in a sm all percentage 
of cases, m ay actually  precede urethrit is. The knees are m ost  frequent ly involved;  next  most comm only 
affected are the ankles and small joints of the feet. Sacroiliit is,  either symm etrical or asymm etrical,  is 
docum ented in two- thirds of pat ients. Mild bilateral conjunct ivit is, ir it is, kerat it is,  or uveit is is 
som et im es present  but  lasts for only a few days. Finally , derm atologic m anifestat ions occur in up to 
50%  of pat ients. The init ial lesions— usually papules with a cent ral yellow spot — m ost  often involve the 
soles and palms and, in 25%  of patients, eventually epithelialize and thicken to produce keratoderm a 
blenorrhagicum. Circinate balanit is is usually  painless and occurs in fewer than half of pat ients. The 
init ial episode of react ive arthrit is usually lasts 2–6 months.

Proct it is
Primary anal or rectal infect ions with C. t rachom at is have been described in wom en and MSM who 
pract ice anal intercourse. In these infect ions, rectal involvement  is init ially characterized by severe 
anorectal pain, a bloody mucopurulent discharge, and tenesmus. Oculogenital serovars D–K and LGV 
serovars L1, L2,  and L3 have been found to cause proct it is. The LGV serovars are far more invasive and 

cause much m ore severely sym ptomat ic disease, including severe ulcerat ive proctocolit is that  can be 
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clinically confused with HSV proct it is.  Histologically, LGV proct it is m ay resemble Crohn— s disease in 
that  giant  cell form at ion and granulom as are detected. I n the United States and Europe, cases of LGV 
proct it is occur alm ost  exclusively in MSM, many of whom  are posit ive for HI V infect ion.

The less invasive non-LGV serovars of C. t rachom at is cause mild proct it is. Many infected individuals are 
asym ptomatic, and in these cases infect ion is diagnosed only by rout ine culture or NAAT of rectal 
swabs. The num ber of fecal leukocytes is usually abnormal in both asym ptomatic and symptom at ic 
cases. Sigmoidoscopy may yield norm al findings or m ay reveal mild inflam matory changes or sm all 
erosions or follicles in the lower 10 cm of the rectum. Histologic exam inat ion of rectal biopsies generally 
shows anal crypts and prom inent  follicles as well as neut rophilic infilt rat ion of the lamina propria. 
Chlamydial proct it is is best  diagnosed by isolat ion of C . t rachom at is from  the rectum  and docum entat ion 
of a response to appropriate therapy. NAATs are reportedly m ore sensit ive than culture for diagnosis 
and are also specific.

Mucopurulent  Cervicit is
Although m any women with chlam ydial infect ions of the cervix  have no sym ptoms, alm ost  half  
generally have local signs of infect ion on exam inat ion. Cervicit is is usually characterized by the 
presence of a m ucopurulent  discharge, with > 20 neut rophils per m icroscopic f ield visible in st rands of 
cervical mucus in a thinly smeared, gram -stained preparat ion of endocervical exudate. Hypert rophic 
ectopy of the cervix may also be evident  as an edematous area near the cervical os that  is congested 
and bleeds easily on m inor trauma (e.g.,  when a specim en is collected with a swab) . A Papanicolaou 
smear shows increased numbers of neutrophils as well as a character ist ic pat tern of mononuclear 
inflamm atory cells including plasma cells, t ransform ed lym phocytes, and hist iocytes. Cervical biopsy 
shows a predominantly m ononuclear cell infilt rate of the subepithelial st roma. Clinical experience and 
collaborat ive studies indicate that a cutoff of > 30 polymorphonuclear leukocytes (PMNs) / 1000 x  field in a 
gram-stained smear of cervical m ucus correlates best  with chlamydial or gonococcal cervicit is.

Clinical recognit ion of chlam ydial cerv icit is depends on a high index of suspicion and careful cervical 
exam inat ion. No genital symptom s are specif ically  correlated with chlamydial cervical infect ion. The 
different ial diagnosis of a mucopurulent discharge from  the endocervical canal in a young, sexually  
act ive wom an includes gonococcal endocervicit is,  salpingit is,  endomet rit is,  and int rauterine 
cont raceptive device– induced inflamm at ion. Diagnosis of cervicit is is based on the presence of PMNs on 
a cervical swab as noted above;  the presence of chlam ydiae is confirm ed by either culture or NAAT.

Pelvic I nflam m atory Disease
I nf lam mat ion of sect ions of the fallopian tube is often referred to as salpingit is or PID. The proport ion of 
acute salpingit is cases caused by C. t rachom at is varies geographically  and with the populat ion studied. 
I t  has been est imated that  C. t rachomatis causes up to 50%  of PI D cases in the United States. PID 
occurs via ascending int ralum inal spread of C. t rachomatis or  N . gonorrhoeae from  the lower genital 
t ract . Mucopurulent  cervicit is is often followed by endomet rit is,  endosalpingit is,  and finally  pelvic 
peritonit is.  Evidence of mucopurulent  cervicit is is often found in women with laparoscopically verified 
salpingit is.  Similarly, endometrit is,  demonst rated by an endomet rial biopsy showing plasm a cell 
infilt rat ion of the endom et rial epithelium , is documented in m ost  wom en with laparoscopy-verified 
chlam ydial (or gonococcal)  salpingit is.  Chlamydial endom et rit is can also occur in the absence of clinical 
ev idence of salpingit is.  Histologic evidence of endometrit is has been correlated with a syndrome 
consist ing of vaginal bleeding, lower abdom inal pain, and uterine tenderness in the absence of adnexal 
tenderness. Chlam ydial salpingit is produces milder sym ptoms than gonococcal salpingit is and may be 
associated with less marked adnexal tenderness. Thus, mild adnexal or uterine tenderness in a sexually  

Page 8 of  20AccessM edicine | Print: Chapter 176. Chlamydial Infections

1/3/2013mk:@M SITStore:C:\Users\Lesea\Downloads\Harrison's.Principles.of.Internal.M edicine.18t...



act ive wom an with cervicit is suggests chlam ydial PI D.

Chronic unt reated endom et rial and tubal inflamm at ion can result  in tubal scarring, im paired tubal 
funct ion, tubal occlusion, and infert ilit y even among women who report  no prior treatm ent for PI D. C .  
t rachom at is has been part icularly  im plicated in "subclinical" PI D on the basis of a lack of history of PID 
am ong Chlamydia-seroposit ive wom en with tubal damage and detect ion of chlamydial DNA or ant igen 
am ong asym ptomatic women with tubal infert ilit y.  These data suggest that the best  method to prevent  
PID and its sequelae is surveillance and control of lower genital t ract  infect ions along with diagnosis and 
t reatm ent  of sex partners and prevention of reinfect ions. Prom ot ion of early  sym ptom recognit ion and 
health care presentat ion m ay reduce the frequency and severity of sequelae of PI D.

Perihepat it is
The Fitz-Hugh–Curt is syndrome was originally described as a com plicat ion of gonococcal PI D. However, 
studies over the past several decades have suggested that  chlamydial infect ion is more comm only 
associated with perihepat it is than is N. gonorrhoeae.  Perihepat it is should be suspected in young, 
sexually act ive women who develop r ight -upper-quadrant  pain, fever, or nausea. Evidence of salpingit is 
may or m ay not  be found on examination. Frequent ly, perihepat it is is strongly associated with extensive 
tubal scarring, adhesions, and inflam mation observed at  laparoscopy, and high t iters of ant ibody to the 
57-kDa chlamydial heat -shock protein have been documented. Culture and/ or serologic evidence of C .  
t rachom at is is found in three- fourths of women with this syndrom e.

Urethral Syndrom e in W om en
I n the absence of infect ion with uropathogens such as coliform s or Staphylococcus saprophyt icus,  C .  
t rachom at is is the pathogen most comm only isolated from  college wom en with dysur ia, frequency, and 
pyuria. Screening studies can recover C. t rachom atis at  both the cerv ix and the urethra;  in up to 25%  
of infected wom en, the organism is isolated only from the urethra. The urethral syndrome in women 
consists of dysuria and frequency in conjunct ion with chlamydial urethrit is, pyuria, and no bacteriuria or 
urinary pathogens. Although symptoms of the urethral syndrom e m ay develop in som e women with 
chlam ydial infect ion, the majority of women at tending STD clinics for urethral chlam ydial infect ion do 
not  have dysuria or frequency. Even in wom en with chlamydial urethrit is causing the acute urethral 
syndrome, signs of urethrit is such as urethral discharge, meatal redness, and swelling are uncomm on. 
However, m ucopurulent  cervicit is in a wom an presenting with dysuria and frequency st rongly suggests 
C. t rachom at is urethrit is. Other correlates of chlam ydial urethral syndrome include a durat ion of dysuria 
of > 7–10 days, lack of hematuria, and lack of suprapubic tenderness. Abnorm al urethral Gram — s stains 
showing > 10 PMNs/ 1000x f ield in women with dysuria but  without  coliform bacteriuria support the 
diagnosis of chlamydial urethrit is. Other possible diagnoses include gonococcal or tr ichomonal infect ion 
of the urethra.

I nfect ion in Pregnancy and the Neonatal Per iod
I nfect ions during pregnancy can be t ransmitted to infants during delivery. Approximately 20–30%  of 
infants exposed to C. t rachom at is in the birth canal develop conjunct ivit is,  and 10–15%  subsequent ly 
develop pneumonia. Consequent ly , all newborn infants receive ocular prophylaxis at birth to prevent 
ophthalm ia neonatorum. Without treatment, conjunct ivit is usually develops at  5–19 days of life and 
often results in a profuse m ucopurulent  discharge. Roughly half  of infected infants develop clinical 
ev idence of inclusion conjunct ivit is. However, it  is im possible to differentiate chlamydial conjunct ivit is 
from other form s of neonatal conjunct ivit is (e.g., that due to N. gonorrhoeae,  Haemophilus inf luenzae,  
Streptococcus pneumoniae, or HSV)  on clinical grounds;  thus laboratory diagnosis is required. 
I nclusions within epithelial cells are often detected in Giem sa-stained conjunctival sm ears, but  these 

Page 9 of  20AccessM edicine | Print: Chapter 176. Chlamydial Infections

1/3/2013mk:@M SITStore:C:\Users\Lesea\Downloads\Harrison's.Principles.of.Internal.M edicine.18t...



smears are considerably less sensit ive than cultures or NAATs for chlam ydiae. Gram-stained smears 
may show gonococci or occasional small gram-negat ive coccobacilli in Haemophilus conjunct ivit is,  but  
smears should be accom panied by cultures or NAATs for these agents.

C. t rachom at is has also been isolated frequent ly and persistent ly  from the nasopharynx, rectum, and 
vagina of infected infants— occasionally for > 1 year in the absence of t reatm ent . In some cases, ot it is 
media results from  perinatally acquired chlam ydial infect ion. Pneum onia m ay develop in infants from 2 
weeks to 4 months of age. C. t rachomat is is est im ated to cause 20–30%  of pneumonia cases in infants 
< 6 months of age. Epidem iologic studies have linked chlam ydial pulmonary infect ion in infants with 
increased occurrence of subacute lung disease (bronchit is, asthm a, wheezing)  in later childhood.

Lym phogranulom a Venereum
C. t rachom at is serovars L1,  L2, and L3 cause LGV, an invasive system ic STD. The peak incidence of LGV 
corresponds with the age of greatest  sexual act ivity :  the second and third decades of life. The 
worldwide incidence of LGV is falling, but  the disease is st ill endem ic and a m ajor cause of morbidity in 
parts of Asia, Afr ica, South America, and the Caribbean. LGV is rare in indust r ialized count ries;  for m ore 
than a decade, the reported incidence in the United States has been only 0.1 case per 100,000 
populat ion. I n the Bahamas, an apparent  outbreak of LGV was described in associat ion with a 
concurrent  increase in heterosexual infect ion with HI V. Reports of outbreaks with the newly ident ified 
variant  L2b in Europe, Aust ralia, and the United States indicate that  LGV is becom ing m ore prevalent  

am ong MSM. These cases have usually presented as hem orrhagic proctocolit is in HI V-posit ive men. 
More widespread use of NAATs for ident ificat ion of rectal infect ions m ay have enhanced case 
recognit ion.

The frequency of infect ion following exposure is believed to be m uch lower for LGV than for gonorrhea 
and syphilis.  Early  manifestat ions are recognized m ore often in men than in wom en, who usually 
present  with late com plicat ions. I n the United States, where the reported m ale- to- fem ale rat io of cases 
is 3.4: 1, most  cases involve MSM and persons returning from abroad ( t ravelers, sailors, and military 
personnel) .

LGV begins as a sm all painless papule that  tends to ulcerate at  the site of inoculat ion, often escaping 
at tent ion. This primary lesion heals in a few days without  scarring and, even when noticed, is usually 
recognized as LGV only in ret rospect. LGV strains of C. trachom at is have occasionally been recovered 
from genital ulcers and from  the urethra of men and the endocervix of women who present  with 
inguinal adenopathy;  these areas may be the primary sites of infect ion in som e cases. Proct it is is m ore 
com mon am ong people who pract ice recept ive anal intercourse, and an elevated white blood cell count 
in anorectal sm ears m ay predict LGV in these pat ients. Ulcer form at ion m ay facilitate t ransmission of 
HI V infect ion and other sexually t ransmit ted and blood-borne diseases.

As NAATs for C. trachomat is are being used m ore often, increasing numbers of cases of LGV proct it is 
are being recognized in MSM. Such pat ients present  with anorectal pain and mucopurulent , bloody 
rectal discharge. Although these pat ients may report diarrhea, they are often referring not  to diarrhea 
but  rather to frequent , painful, unsuccessful attempts at  defecation ( tenesm us) . Sigm oidoscopy reveals 
ulcerat ive proct it is or proctocolit is,  with purulent  exudate and m ucosal bleeding. Histopathologic 
findings in the rectal mucosa include granulom as with giant  cells, crypt  abscesses, and extensive 
inflamm at ion. These clinical, sigmoidoscopic, and histopathologic findings m ay closely resemble those of 
Crohn— s disease of the rectum .

The m ost  com mon present ing picture in heterosexual men and women is the inguinal syndrom e,  which 
is characterized by painful inguinal lym phadenopathy beginning 2–6 weeks after presumed exposure;  in 
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rare instances, the onset  comes after a few m onths. The inguinal adenopathy is unilateral in two- thirds 
of cases, and palpable enlargem ent of the iliac and fem oral nodes is often evident on the sam e side as 
the enlarged inguinal nodes. The nodes are init ially discrete, but  progressive periadenit is results in a 
mat ted m ass of nodes that  becomes fluctuant  and suppurat ive. The overlying sk in becomes f ixed, 
inflamed, and thin, and mult iple draining fistulas finally develop. Extensive enlargem ent  of chains of 
inguinal nodes above and below the inguinal ligam ent  ( "the sign of the groove")  is not  specific and, 
although not uncom mon, is documented in only a m inority of cases. On histologic exam inat ion, infected 
nodes are init ially  found to have characterist ic small stellate abscesses surrounded by hist iocytes. These 
abscesses coalesce to form  large, necrot ic, suppurat ive foci. Spontaneous healing usually takes place 
after several m onths;  inguinal scars or granulom atous m asses of various sizes persist for life. Massive 
pelvic lymphadenopathy may lead to exploratory laparotomy.

Const itut ional sym ptom s are comm on during the stage of regional lym phadenopathy and, in cases of 
proct it is,  m ay include fever, chills, headache, m eningism us, anorexia, myalgias, and arthralgias. These 
findings in the presence of lymphadenopathy are som et im es mistakenly interpreted as malignant  
lym phoma. Other systemic com plicat ions are infrequent  but  include arthrit is with sterile effusion, 
asept ic meningit is,  m eningoencephalit is, conjunct iv it is, hepat it is,  and erythema nodosum  (Fig. e7-40) . 
C. t rachom at is has been recovered from  the cerebrospinal fluid and in one case was isolated from  the 
blood of a pat ient with severe constitut ional symptoms— a result  indicat ing dissem inat ion of infect ion. 
Laboratory-acquired infect ions suspected of being due to the inhalat ion of aerosols have been 
associated with mediast inal lymphadenit is, pneum onit is, and pleural effusion.

Complicat ions of unt reated anorectal infect ion include perirectal abscess;  anal fistulas;  and 
rectovaginal,  rectovesical,  and ischiorectal fistulas. Secondary bacterial infect ion probably cont ributes to 
these com plicat ions. Rectal st r icture is a late complicat ion of anorectal infect ion and usually  develops 2–
6 cm from  the anal orifice— i.e.,  at  a site within reach on digital rectal examination. Proximal extension 
of the str icture for several cent imeters m ay lead to a mistaken clinical and radiographic diagnosis of 
carcinom a. A small percentage of cases of LGV in men present as chronic progressive infilt rat ive, 
ulcerat ive, or fistular lesions of the penis, urethra, or scrotum . Associated lymphat ic obst ruct ion may 
produce elephantiasis. When urethral str icture occurs, it  usually  involves the posterior urethra and 
causes incont inence or difficulty with urinat ion.

D iagnosis
DETECTI ON METHODS
Historically , chlamydiae were cult ivated in the yolk sac of embryonated eggs. The organism s can be 
grown more easily  in t issue culture, but  cell culture— once considered the diagnost ic gold standard— has 
been replaced by nonculture assays ( Table 1 7 6- 1 ) .  I n general,  culture for chlamydiae in clinical 
specim ens is now perform ed only in specialized laboratories. The first  nonculture assays, such as DFA 
staining of clinical m aterial and enzym e imm unoassay (EI A) , have been replaced by molecular tests that  
am plify the nucleic acids in clinical specimens. These NAATS are current ly  recom mended by the CDC as 
the diagnostic assays of choice.

Table 1 7 6 - 1  Diagnost ic Tests for  Sexually Transm it ted and Perinatal Chlam ydia 
Trachom at is I nfect ion

I nfect ion Suggest ive 
Signs/ Sym ptom s

Presumptive 
Diagnosisa

Confirmatory Test  of Choice

Men
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NGU, PGU Discharge, dysuria Gram 's stain with > 4 
neut rophils per oil-
imm ersion field;  no 
gonococci

Urine or ure- thral NAAT for C .  
t rachomat is

Epididymit is Unilateral int rascrotal 
swelling, pain, tenderness;  
fever;  NGU

Gram 's stain with > 4 
neut rophils per oil-
imm ersion field;  no 
gonococci;  urinalysis with 
pyuria

Urine or urethral NAAT for C .  
t rachomat is

W om en

Cervicit is Mucopurulent cerv ical 
discharge, bleeding and 
edema of the zone of 
cervical ectopy

Cervical Gram's stain 
with 20 neut rophils per 
oil- im mersion field in 
cervical mucus

Urine, cervical,  or vaginal NAAT 
for C. t rachom at is

Salpingit is Lower abdominal pain, 
cervical mot ion 
tenderness, adnexal 
tenderness or masses

C. trachomat is always 
potentially present  in 
salpingit is 

Urine, cervical,  or vaginal NAAT 
for  C. t rachom at is

Urethrit is Dysuria and frequency 
without hematuria

MPC;  sterile pyuria;  
negative rout ine urine 
culture

Urine or urethral NAAT for C .  
t rachomat is

Adults of Either  Sex

Proct it is Rectal pain, discharge, 
tenesm us, bleeding;  
history of recept ive 
anorectal intercourse

Negat ive gonococcal 
culture and Gram's stain;  
at  least  1 neutrophil per 
oil- im mersion field in 
rectal Gram's stain

Rectal NAAT for C. t rachom at is
or culture 

React ive 
arthrit is

NGU, arthrit is,  
conjunctivit is, typical skin 
lesions

Gram 's stain with > 4 
neut rophils per oil-
imm ersion field;  lack of 
gonococci indicat ive of 
NGU

Urine or urethral NAAT for C .  
t rachomat is

LGV Regional adenopathy, 
prim ary lesion, proct it is, 
system ic sym ptoms

None Culture of LGV st rain from node 
or rectum, occa-sionally from  
urethra or cervix;  NAAT for C .  
t rachomat is from these sites;  
LGV CF t iter , 1: 64;  m icro- I F 
t iter, 1: 512 

Neonates

Conjunct ivit is Purulent  conjunct ival 
discharge 6–18 days after 
delivery

Negat ive culture and 
Gram 's stain for 
gonococci,  Haemophilus
spp., pneumococci,  
staphylococci 

Conjunct ival NAAT for C .  
t rachomat is;  FA-stained 
scraping of conjunct ival 
material 

I nfant  
pneumonia

Afebrile, staccato cough, 
dif fuse rales, bilateral 
hyperinf lat ion, interst it ial 

None Chlam ydial culture or NAAT of 
sputum, pharynx, eye, rectum;  
micro- I F ant ibody to C .  
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CHOI CE OF SPECI MEN
Cervical and urethral swabs have tradit ionally  been used for the diagnosis of STDs in female and m ale 
pat ients, respect ively. However, given the great ly increased sensit ivity and specificity of NAATs, less 
invasive sam ples (e.g., urine for both sexes and vaginal swabs for women)  can be used. For screening 
of asym ptomat ic women, the CDC now recomm ends that  self-collected vaginal swabs, which are slight ly 
more sensit ive than urine, be used. Urine screening tests are often used in outreach screening 
programs, however. For symptom at ic women undergoing a pelvic exam inat ion, cerv ical swab samples 
are desirable because they have slight ly higher chlam ydial counts. For m ale pat ients, a ur ine specim en 
is the sam ple of choice.

ALTERNATI VE SPECI MEN TYPES
Ocular samples from babies and adults can be assessed by NAATs. However, since comm ercial NAATs 
for this purpose have not  yet  been approved by the U.S. Food and Drug Administ rat ion (FDA) , 
laboratories m ust  perform their own verificat ion studies. Samples from rectal and pharyngeal sites have 
been used successfully  to detect  chlamydiae, but  again, laboratories m ust  verify test  performance.

OTHER DI AGNOSTI C I SSUES
Because NAATs measure nucleic acids instead of live organisms, they should be used with caut ion as 
test-of-cure assays. Residual nucleic acid from cells rendered noninfect ive by ant ibiot ics m ay cont inue 
to yield a posit ive result  in NAATs unt il as long as 3 weeks after therapy, when viable organisms have 
actually been eradicated. Therefore, clinicians should not use NAATs for test  of cure until after 3 weeks. 
The CDC current ly does not  recomm end a test  of cure after treatm ent for infect ion with C. t rachomatis.  
However, because incidence studies have demonst rated that  previous chlamydial infect ion increases the 
probabilit y of becoming reinfected, the CDC does recomm end that  previously infected indiv iduals be 
rescreened 3 months after t reatm ent .

SEROLOGY
Serologic test ing m ay be helpful in the diagnosis of LGV and neonatal pneum onia caused by C .  
t rachom at is.  The serologic test  of choice is the m icroimm unofluorescence (MI F)  test ,  in which high- t iter 
purif ied EBs mixed with embryonated chicken yolk sac m aterial are affixed to a glass microscope slide 
to which dilut ions of sera are applied. After incubat ion and washing, f luorescein-conjugated I gG or I gM 
ant ibody is applied. The test is read with an epifluorescence microscope, with the highest dilut ion of 
serum producing visible fluorescence designated as the t iter. The MIF test  is not  widely available and is 
highly labor intensive. Although the com plement  f ixat ion (CF)  test  can also be used, it  em ploys only 
lipopolysaccharide (LPS)  as the ant igen and therefore identifies the pathogen only to the genus level.  
Single-point  t iters of > 1: 64 support  a diagnosis of LGV, in which it  is difficult  to demonst rate r ising 

infilt rates trachomat is— fourfold change in 
IgG or I gM ant ibody t iter

aA presum pt ive diagnosis of chlamydial infect ion is often made in the syndromes listed when gonococci 
are not  found. A posit ive test  for Neisseria gonorrhoeae does not  exclude the involve-m ent  of C .  
t rachom at is, which often is present  in pat ients with gonorrhea.

Abbreviat ions: CF, complem ent - fixing;  FA, fluorescent  antibody;  LGV, lym phogranulom a venereum ;  
micro- I F, m icroim munofluorescence;  MPC, m ucopurulent  cervicit is;  NAAT, nucleic acid am plificat ion 
test;  NGU, nongonococcal urethrit is;  PGU, postgonococcal urethrit is.

Source: Reprinted with permission from  WE Stamm :  Chlamydial infect ions, in Harrison's Principles of 
I nternal Medicine, 17th ed, AS Fauci et  al (eds) . New York, McGraw-Hill, 2008, p 1075.
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ant ibody t iters— i.e.,  paired serum samples are dif ficult  to obtain since, by its very nature, the disease 
results in the pat ient— s being seen by the physician after the acute stage. Any antibody t iter of > 1: 16 
is considered significant  evidence of exposure to chlamydiae. However, serologic test ing is not  
recomm ended for diagnosis of uncom plicated genital infect ions of the cervix, urethra, and lower genital 
t ract  or for C. t rachom at is screening of asym ptomat ic individuals.

Treatm ent: C . Trachom at is Genita l I nfect ions
A 7-day course of tet racycline (500 m g four t im es daily) , doxycycline (100 mg twice daily) ,  
erythromycin (500 mg four t imes daily) ,  or a fluoroquinolone ( ofloxacin, 300 m g twice daily;  or 
levofloxacin, 500 mg/ d)  can be used for t reatment  of uncomplicated chlam ydial infect ions. A single 1-g  
oral dose of azithromycin is as effect ive as a 7-day course of doxycycline for the t reatm ent  of 
uncomplicated genital C. t rachomat is infect ions in adults. Azithromycin causes fewer adverse 
gast rointest inal react ions than do older m acrolides such as erythrom ycin. The single-dose regimen of 
azithromycin has great  appeal for the t reatm ent  of pat ients with uncom plicated chlam ydial infect ion 
(especially those without  symptom s and those with a likelihood of poor compliance)  and of the sexual 
partners of infected pat ients. These advantages must be weighed against the considerably greater cost  
of azithromycin. Whenever possible, the single 1-g dose should be given as direct ly observed therapy. 
Although not approved by the FDA for use in pregnancy, this regimen appears to be safe and effect ive 
for this purpose. However, am oxicillin (500 m g three t imes daily for 7 days)  can also be given to 
pregnant  wom en. The fluoroquinolones are contraindicated in pregnancy. A 2-week course of t reatm ent  
is recomm ended for com plicated chlamydial infect ions (e.g.,  PID, epididym it is)  and at  least  a 3-week 
course of doxycycline (100 mg orally  twice daily)  or erythrom ycin base (500 m g orally four t imes daily)  
for LGV. Failure of treatment with a tet racycline in genital infect ions usually indicates poor compliance 
or reinfect ion rather than involvem ent  of a drug- resistant  st rain. To date, clinically significant  drug 
resistance has not  been observed in C. t rachomat is.

Treatment  or test ing for chlam ydiae should be considered am ong N. gonorrhoeae– infected pat ients 
because of the frequency of co- infect ion. Systemic t reatment  with erythromycin has been 
recomm ended for ophthalm ia neonatorum and for C. trachomat is pneumonia in infants. For the 
t reatm ent  of adult  inclusion conjunct ivit is,  a single 1-g dose of azithromycin was as effect ive as 
standard 10-day t reatm ent  with doxycycline. Recommended t reatm ent  regimens for both bubonic and 
anogenital LGV include tet racycline, doxycycline, or erythromycin for 21 days.

SEX PARTNERS
The cont inued high prevalence of chlam ydial infect ions in most  parts of the United States is due 
primarily to the failure to diagnose— and therefore t reat — pat ients with sym ptomatic or asymptom at ic 
infect ion and their sex partners. Urethral or cerv ical infect ion with C. t rachom at is has been well 
docum ented in a high proport ion of the sex partners of pat ients with NGU, epididymit is, react ive 
ar thrit is,  salpingit is, and endocerv icit is.  I f possible, confirm atory laboratory tests for chlamydiae should 
be undertaken in these individuals, but  even those without  posit ive tests or evidence of clinical disease 
who have recent ly  been exposed to proven or possible chlamydial infect ion (e.g.,  NGU) should be 
offered therapy. A novel approach is partner-delivered therapy, in which infected patients receive 
t reatm ent  and are also provided with single-dose azithrom ycin to give to their sex partner(s) .

NEONATES AND I NFANTS
I n neonates with conjunct ivit is or infants with pneum onia, erythromycin ethylsuccinate or estolate can 
be given orally at  a dosage of 50 m g/ kg per day, preferably in four div ided doses, for 2 weeks. Careful 
at tent ion must be given to compliance with therapy— a frequent  problem. Relapses of eye infect ion are 
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com mon after topical treatm ent with erythrom ycin or tet racycline ophthalm ic ointm ent and m ay also 
follow oral erythromycin therapy. Thus follow-up cultures should be performed after t reatm ent . Both 
parents should be examined for C. t rachomat is infect ion and, if diagnost ic test ing is not  readily 
available, should be treated with doxycycline or azithromycin.

PREVENTI ON
Since many chlamydial infect ions are asymptom at ic, effect ive cont rol and prevent ion must  involve 
periodic screening of individuals at r isk. Select ive cost -effect ive screening criteria have been developed. 
Among women, young age (generally < 25 years)  is a crit ical r isk factor for chlam ydial infect ions in 
nearly all studies. Other r isk factors include mucopurulent  cervicit is;  m ult iple, new, or symptom at ic 
male sex partners;  and lack of barrier cont racept ive use. In some sett ings, screening based on young 
age m ay be as sensit ive as criteria that  incorporate behavioral and clinical m easures. Another st rategy 
is universal test ing of all pat ients in high-prevalence clinic populat ions (e.g.,  STD clinics, juvenile 
detention facilit ies, and family planning clinics) .

The effect iveness of select ive screening in reducing the prevalence of chlamydial infect ion am ong 
wom en has been demonst rated in several studies. I n the Pacific Northwest , where extensive screening 
began in fam ily  planning clinics in 1998 and in STD clinics in 1993, the prevalence declined from  10%  in 
the 1980s to < 5%  in 2000. Sim ilar t rends have occurred in associat ion with screening programs 
elsewhere. I n addit ion, screening can effect a reduct ion in upper genital tract disease. I n Seat t le, 
wom en at a large health maintenance organizat ion who were screened for chlamydial infect ion on a 
rout ine basis had a lower incidence of sym ptomatic PI D than did wom en who received standard care 
and underwent more select ive screening.

I n sett ings with low to moderate prevalence, the prevalence at  which select ive screening becom es more 
cost -effect ive than universal screening must be defined. Most  studies have concluded that  universal 
screening is preferable in set t ings with a chlam ydial prevalence of > 3–7% . Depending on the criteria 
used, select ive screening is likely to be m ore cost-effect ive when prevalence falls below 3% . Nearly all 
regions of the United States have now init iated screening program s, part icularly  in family planning and 
STD clinics. Along with single-dose therapy, the availability  of highly sensit ive and specific diagnostic 
NAATs using urine specim ens and self-obtained vaginal swabs makes it  feasible to m ount  an effect ive 
nat ionwide Chlam ydia cont rol program , with screening of high- risk individuals in t radit ional health-care 
set t ings and in novel outreach and comm unity-based sett ings.

T rachom a
EPI DEMI OLOGY
Trachoma— a sequela of ocular disease in developing countries— cont inues to be a leading cause of 
preventable infect ious blindness worldwide. The WHO est imates that  6 million people have been 
blinded by trachoma and that  1.3 m illion people in developing countries st ill suffer from  preventable 
blindness due to trachoma;  certainly hundreds of m illions live in trachoma-endemic areas. Foci of 
t rachom a persist in Australia, the South Pacific, and Latin Am erica. Serovars A, B, Ba, and C are 
isolated from patients with clinical trachoma in areas of endem icity in developing count ries in Afr ica, the 
Middle East , Asia, and South America.

The t rachoma-hyperendem ic areas of the world are in northern and sub-Saharan Africa, the Middle 
East , drier regions of the I ndian subcont inent , and Southeast  Asia. I n hyperendem ic areas, the 
prevalence of t rachom a is essent ially 100%  by the second or third year of life. Act ive disease is m ost  
com mon am ong young children, who are the reservoir for t rachoma. By adulthood, act ive infect ion is 
infrequent but  sequelae result  in blindness. I n such areas, trachoma constitutes the m ajor cause of 
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blindness.

Trachoma is t ransm it ted through contact  with discharges from the eyes of infected pat ients. 
Transmission is most  comm on under poor hygienic condit ions and m ost  often takes place between 
family m embers or between fam ilies with shared facilit ies. Flies can also t ransfer the mucopurulent  
ocular discharges, carrying the organism s on their legs from one person to another. The I nternat ional 
Trachoma I nit iat ive founded by the WHO in 1998 aims to eliminate blinding trachom a globally by 2020.

CLI N I CAL MANI FESTATI ONS
Both endemic t rachoma and adult  inclusion conjunctivit is present  init ially as conjunct ivit is characterized 
by sm all lym phoid follicles in the conjunctiva. I n regions with hyperendem ic classic blinding trachoma, 
the disease usually starts insidiously before the age of 2 years. Reinfect ion is comm on and probably 
cont ributes to the pathogenesis of t rachoma. Studies using polymerase chain reaction (PCR) or other 
NAATs indicate that  chlam ydial DNA is often present in the ocular secret ions of pat ients with t rachoma, 
even in the absence of posit ive cultures. Thus persistent  infect ion m ay be m ore com mon than was 
previously thought .

The cornea becom es involved, with inflamm atory leukocyt ic infilt rat ions and superficial vascularizat ion 
(pannus format ion) . As the inflamm at ion cont inues, conjunct ival scarring eventually distorts the eyelids, 
causing them to turn inward so that  the lashes constantly abrade the eyeball ( t r ichiasis and ent ropion) ;  
eventually the corneal epithelium  is abraded and m ay ulcerate, with subsequent  corneal scarring and 
blindness. Dest ruct ion of the conjunctival goblet  cells, lacrim al ducts, and lacrim al gland m ay produce a 
"dry-eye" syndrome, with resultant  corneal opacity  due to drying (xerosis)  or secondary bacterial 
corneal ulcers.

Comm unit ies with blinding t rachom a often experience seasonal epidem ics of conjunct iv it is due to H .  
influenzae that  cont ribute to the intensity of the inflam matory process. In such areas, the act ive 
infect ious process usually resolves spontaneously in affected persons at  10–15 years of age, but 
conjunct ival scars continue to shrink, producing t r ichiasis and ent ropion with subsequent corneal 
scarring in adults. I n areas with milder and less prevalent  disease, the process m ay be much slower, 
with act ive disease continuing into adulthood;  blindness is rare in these cases.

Eye infect ion with oculogenital C. t rachomat is st rains in sexually act ive young adults presents as an 
acute onset  of unilateral follicular conjunct ivit is and preauricular lym phadenopathy sim ilar to that  seen 
in acute conjunct ivit is caused by adenovirus or HSV. I f unt reated, the disease m ay persist for 6 weeks 
to 2 years. I t  is frequently associated with corneal inf lam mat ion in the form of discrete opacit ies 
( " infilt rates") ,  punctate epithelial erosions, and minor degrees of superficial corneal vascularizat ion. 
Very rarely , conjunct ival scarring and eyelid distort ion occur, part icularly in pat ients t reated for m any 
months with topical glucocort icoids. Recurrent eye infect ions develop most often in patients whose 
sexual partners are not  t reated with ant imicrobial agents.

DI AGNOSI S
The clinical diagnosis of classic t rachom a can be made if two of the following signs are present :  (1)  
lym phoid follicles on the upper tarsal conjunct iva;  (2)  typical conjunct ival scarring;  (3)  vascular 
pannus;  or (4)  lim bal follicles or their sequelae, Herbert — s pits. The clinical diagnosis of endem ic 
t rachom a should be confirm ed by laboratory tests in children with relat ively  marked degrees of 
inflamm at ion. I nt racytoplasmic chlam ydial inclusions are found in 10–60%  of Giemsa-stained 
conjunct ival smears in such populat ions, but  chlamydial NAATs are m ore sensit ive and are often 
posit ive when smears or cultures are negat ive. Follicular conjunct ivit is in European or Am erican adults 
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living in trachomatous regions is rarely due to t rachom a.

TREATMENT: TRACHOMA
Adult  inclusion conjunct ivit is responds well to treatm ent with the sam e regim ens used in uncomplicated 
genital infect ions— nam ely, azithrom ycin (a 1-g single oral dose)  or doxycycline (100 mg twice daily for 
7 days) . Sim ultaneous t reatment  of all sexual partners is necessary to prevent ocular reinfect ion and 
chlam ydial genital disease. Topical ant ibiot ic t reatment  is not required for pat ients who receive systemic 
ant ibiot ics.

P SI TTACOSI S
Psit tacine birds and m any other avian species act as natural reservoirs for C. psit taci– t ype organisms, 
com mon pathogens in domest ic mamm als and birds. The species C. psit taci,  which now includes only 
av ian st rains, affects hum ans only as a zoonosis. (The other strains previously included in this species 
have been placed into different species that  reflect  the animals they infect :  C. abortus,  C. muridarum ,  
C. suis, C. felis, and C. caviae.)  Although all birds are suscept ible, pet  birds (parrots, parakeets, 
macaws, and cockat iels)  and poult ry ( turkeys and ducks)  are m ost  frequent ly involved in t ransm ission 
o f  C. psit taci to humans. Exposure is greatest  in poultry-processing workers and in owners of pet  birds. 
I nfect ious forms of the organism s are shed from both symptom at ic and apparently healthy birds and 
may remain viable for several months. C. psit taci can be transm it ted to humans by direct  contact  with 
infected birds or by inhalat ion of aerosols from avian nasal discharges and from  infect ious avian fecal or 
feather dust. Transm ission from person to person has never been demonst rated.

The diagnosis is usually established serologically. Psit tacosis in humans m ay present  as acute primary 
atypical pneumonia (which can be fatal in up to 10%  of unt reated cases) ;  as severe chronic pneum onia;  
or as a mild illness or asymptom at ic infect ion in persons exposed to infected birds.

Epidem iology
Fewer than 50 confirm ed cases of psit tacosis are reported in the United States each year, although 
many m ore cases probably occur than are reported. Cont rol of psit tacosis depends on cont rol of avian 
sources of infect ion. A pandem ic of psit tacosis was once stopped by banning shipment  or importat ion of 
psit tacine birds. Birds can receive prophylaxis in the form of a tet racycline-containing feed. I m ported 
birds are current ly quarant ined for 30 days of t reatm ent .

Clinical Manifestat ions
Typical sym ptoms include fever, chills, muscular aches and pains, severe headache, hepato- and/ or  
splenomegaly, and gast rointest inal symptom s. Cardiac com plicat ions may involve endocardit is and 
myocardit is. Fatal cases were comm on in the preantibiot ic era. As a result  of quarantine of im ported 
birds and improved veterinary-hygienic measures, outbreaks and sporadic cases of psit tacosis are now 
rare. Severe pneumonia requir ing m anagem ent in an intensive care unit  may develop. Endocardit is, 
hepat it is, and neurologic complicat ions m ay occur, and fatal cases have been reported. The incubat ion 
period is usually  5–19 days but  can last  as long as 28 days.

Diagnosis
Previously, the most widely used serologic test  for diagnosing chlam ydial infect ions was the genus-
specific CF test , in which assay of paired serum  specimens often shows fourfold or greater increases in 
ant ibody t iter.  The CF test  rem ains useful,  but  the gold standard of serologic tests is now the MI F test ,  
which is not widely available (see sect ion on diagnosis of C. t rachomat is genital infect ion, above) . Any 
ant ibody t iter above 1: 16 is considered significant evidence of exposure to chlam ydiae, and a fourfold 
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t iter r ise in paired sera in com binat ion with a clinically  compat ible syndrom e can be used to diagnose 
psit tacosis. Som e com mercially available serologic tests based on measurement  of ant ibodies to LPS 
can be useful when the clinical diagnosis is consistent  with bird exposure;  however, since these tests 
are react ive for all chlamydiae ( i.e.,  all chlam ydiae contain LPS) , caut ion must  be used in their 
interpretat ion.

Treatm ent: Psit t acosis Reservoirs
The antibiot ic of choice is tet racycline;  the dosage for adults is 250 m g four t im es a day, cont inued for 
at  least  3 weeks to avoid relapse. Severely ill pat ients may need cardiovascular and respiratory support.  
Erythrom ycin (500 m g four t im es a day by m outh)  is an alternat ive therapy.

C HLAMYDI A PNEUMONI AE I NFECTI ONS
C. pneum oniae is a com mon cause of human respiratory diseases, such as pneumonia and bronchit is. 
This organism  has been reported to account  for as many as 10%  of cases of com munity-acquired 
pneum onia, most of which are diagnosed by serology. Serologic studies have linked C. pneumoniae t o 
atherosclerosis;  isolat ion and PCR detect ion in cardiovascular t issues have also been reported. These 
findings suggest an expanded range of diseases and syndromes for C. pneum oniae. The role of C .  
pneum oniae in the et iology of atherosclerosis has been discussed since 1988, when Finnish researchers 
presented serologic ev idence of an associat ion of this organism  with coronary heart  disease and acute 
myocardial infarct ion. Subsequently, the organism was ident ified in atherosclerot ic lesions by culture, 
PCR, imm unohistochemist ry, and t ransm ission electron m icroscopy;  however, discrepant  study results 
( including those of animal studies)  and failure of large-scale t reatment  studies have raised doubts as to 
the et iologic role of C. pneum oniae in atherosclerosis. Large-scale case-cohort  studies have recently 
demonst rated som e associat ion of C. pneum oniae with lung cancer, as evaluated by serology.

Epidem iology
Primary infect ion occurs m ainly in school-aged children and reinfect ion in adults. Seroprevalence rates 
of 40–70%  show that  C. pneumoniae is widespread in both indust r ialized and developing count ries. 
Seroposit ivity usually  is first  detected at  school age, and rates generally increase by 10%  per decade. 
About  50%  of indiv iduals have detectable antibody at  30 years of age, and most  have detectable 
ant ibody by the eighth decade of life. Although serologic evidence suggests that  C. pneum oniae m ay be 
associated with up to 10%  of cases of com munity-acquired pneumonia, m ost  of this evidence is based 
not  on paired serum sam ples but  rather on a single high IgG t iter.  Some doubt  exists about  the t rue 
prevalence and et iologic role of C. pneum oniae in atypical pneum onia, especially since reports of cross-
react iv ity have raised quest ions about  the specificity of serology when only a single serum sample is 
used for diagnosis.

Pathogenesis
Lit t le is known about  the pathogenesis of C. pneumoniae infect ion. I t  begins in the upper respiratory 
t ract  and, in m any persons, persists as a prolonged asymptomat ic condit ion of the upper respiratory 
mucosal surfaces. However, evidence of replicat ion within vascular endothelium and synovial 
membranes of joints shows that , in at  least some individuals, the organism is t ransported to distant 
sites, perhaps within macrophages. A C. pneumoniae outer-membrane protein may induce host  imm une 
responses whose cross- react iv ity with hum an proteins results in an autoim mune reaction.

As m ent ioned above, epidemiologic studies have dem onst rated an associat ion between serologic 
ev idence of C. pneumoniae infect ion and atherosclerot ic disease of the coronary and other arteries. I n 
addit ion, C. pneum oniae has been ident ified in atherosclerot ic plaques by electron m icroscopy, DNA 
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hybridizat ion, and imm unocytochemist ry. The organism has been recovered in culture from 
atherom atous plaque— a result  indicat ing the presence of v iable replicat ing bacteria in vessels. Evidence 
from anim al models supports the hypothesis that  C. pneum oniae infect ion of the upper respiratory tract 
is followed by recovery of the organism from  atheromatous lesions in the aorta and that  the infect ion 
accelerates the process of atherosclerosis, especially in hypercholesterolemic animals. Antimicrobial 
t reatm ent  of the infected anim als reverses the increased risk of atherosclerosis. I n humans, two small 
t r ials in patients with unstable angina or recent myocardial infarct ion suggested that  antibiot ics reduce 
the likelihood of subsequent  untoward cardiac events. However, larger-scale t r ials have not  docum ented 
an effect  of various antichlamydial regimens on the r isk of these events.

Clinical Manifestat ions
C. pneum oniae was f irst  reported as the et iologic agent  of m ild atypical pneumonia in m ilitary recruits 
and college students. The clinical spect rum of C. pneumoniae infect ion includes acute pharyngit is, 
sinusit is, bronchit is, and pneum onit is, primarily in young adults. The clinical manifestat ions of prim ary 
infect ion appear to be more severe and prolonged than those of reinfect ion. The pneum onit is of C .  
pneum oniae pneumonia resembles that  of Mycoplasma pneum onia in that  leukocytosis is frequent ly 
lacking and pat ients often have prom inent  antecedent upper respiratory tract  sym ptoms, fever, 
nonproduct ive cough, mild to moderate illness, minim al findings on chest  auscultat ion, and small 
segm ental infilt rates on chest  x- ray. I n elderly  patients, pneumonia due to C. pneum oniae can be 
especially  severe and may necessitate hospitalizat ion and respiratory support .

Chronic infect ion with C. pneum oniae has been reported among pat ients with chronic obst ruct ive 
pulm onary disease and m ay also play a role in the natural history of asthma, including exacerbat ions. 
The clinical symptom s of respiratory infect ions caused by C. pneumoniae are nonspecific and do not  
differ from  those caused by other agents of atypical pneumonia, such as Mycoplasma pneum oniae.

Diagnosis
Serology, PCR amplificat ion, and culture can be used to diagnose C. pneum oniae infect ion. Serology has 
been the t radit ional m ethod of diagnosing infect ion by C. pneum oniae.  The gold standard serologic test  
is the MIF test  (see section on diagnosis of C. t rachom at is genital infect ion, above) . Any ant ibody t iter 
above 1: 16 is considered significant  evidence of exposure to chlamydiae. According to a CDC-sponsored 
expert  working group, the diagnosis of acute C. pneum oniae infect ion requires dem onstrat ion of a 
fourfold r ise in t iter in paired serum  samples. There are no official recom mendat ions for diagnosis of 
chronic infect ions, although many research studies have used high t iters of I gA as an indicator. The 
older CF tests and EI As for LPS are not recom mended, as they are not  specific for C. pneumoniae but  
identify the chlam ydiae only to the genus level.  The organism  is very difficult  to grow in t issue culture 
but  has been cult ivated in HeLa cells, HEp-2 cells, and HL cells. Although NAATs are comm ercially 
available for C. trachomat is, only research-based PCR assays are available for C. pneumoniae.

Treatm ent: C. Pneum oniae  I nfect ions
Although few controlled tr ials of t reatment  have been reported, C. pneum oniae is inhibited in vitro by 
erythromycin, tet racycline, azithromycin, clarithromycin, gatifloxacin, and gemif loxacin. Recom mended 
therapy consists of 2 g/ d of either tet racycline or erythrom ycin for 10–14 days. Other m acrolides (e.g.,  
azithromycin)  and som e fluoroquinolones (e.g., levofloxacin and gatifloxacin)  also appear to be 
effect ive.

Acknow ledgm ent

Page 19 of  20AccessM edicine | Print: Chapter 176. Chlamydial Infections

1/3/2013mk:@M SITStore:C:\Users\Lesea\Downloads\Harrison's.Principles.of.Internal.M edicine.18t...



The authors wish to acknowledge the late Walter E. Stamm , MD, for his significant  cont ribut ions to the 
field of Chlam ydia research. Dr. Stamm  wrote the chapters on chlam ydiae for previous edit ions of 
Harrison— s Principles of Internal Medicine, and we thank the editors for perm ission to reproduce Figs. 
176- 1 and 176-2 as well as Table 176-1 from his chapter in the 17th edit ion. Dr. Stamm  died on 
December 14, 2009, and this chapter is dedicated to him.

FURTHER READI NGS
Associat ion of Public Health Laboratories:  Guidelines for the Laboratory Test ing of STDs, 2009.  Silver 
Spring, MD, Associat ion of Public Health Laboratories, 2009 
(www.aphl.org/ aphlprogram s/ infect ious/ std/ Pages/ stdtest ingguidelines.aspx)

Bavoil PM, Wyrick PB:  Chlamydia:  Genomics and Pathogenesis.  Norfolk, UK, Horizon Bioscience, 2006, 
542 pp 

Campbell LA et  al:  Chlamydial infect ions, in Manual of Molecular and Clinical Laboratory I mm unology ,  
7th ed, B Det rick et  al (eds) . Washington, DC, ASM Press, 2006, pp 518–525 

Centers for Disease Cont rol and Prevent ion:  Sexually Transm it ted Disease Surveillance, 2009.  At lanta, 
U.S. Departm ent  of Health and Human Services, 2010 (www.cdc.gov/ std/ stats09/ main.htm)  

——— :  Sexually t ransmit ted diseases treatment guidelines, 2010. MMWR Recomm  Rep 59(RR-12) : 1–
110, 2010 

Gaydos CA:  Chlam ydiae, in Clinical Virology Manual, 4th ed, S Spector et  al (eds) . Washington, DC, 
ASM Press, 2009, pp 630–640 

Kuypers J et  al:  Principles of laboratory diagnosis of STI s, in Sexually Transm it ted Diseases, 4th ed, KK 
Holm es et  al (eds) . New York, McGraw-Hill, 2008, pp 937–948 

Schachter J, Stephens RS:  Biology of Chlamydia trachom at is, in Sexually Transmitted Diseases,  4th ed, 
KK Holm es et  al (eds) . New York, McGraw-Hill, 2008, pp 555–574 

Scholes D et  al:  Prevent ion of pelv ic inflamm atory disease by screening for cervical chlamydial infect ion. 
N Engl J Med 334: 1362, 1996[ PMI D:  8614421]  

Taylor HR:  Trachom a:  A Blinding Scourge from  the Bronze Age to the Twenty-First  Century. East  
Melbourne, Victoria, Aust ralia, Cent re for Eye Research Aust ralia/ Haddington Press, 2008, 282 pp 

Copyr ight  ©  The McGraw-Hill Com panies.  All r ights reserved.

Page 20 of  20AccessM edicine | Print: Chapter 176. Chlamydial Infections

1/3/2013mk:@M SITStore:C:\Users\Lesea\Downloads\Harrison's.Principles.of.Internal.M edicine.18t...


