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We present a unique case involving a patient who was diagnosed 
with X-linked properdin deficiency after 2 episodes of 
disseminated gonococcal infections 1 year apart. Although 
this deficiency is well-documented for its association with 
meningococcemia, its correlation with disseminated gonococcal 
infections (DGI) has not been previously reported. Recurrent 
DGI cases reported in the literature with identified cause are 
mostly associated with acquired or congenital complement 
pathway deficiencies. However, properdin deficiency is rarely 
screened for during a first episode. Our case not only highlights 
the clinical presentation that should raise suspicion of DGI but 
also underscores the importance of investigating the alternative 
complement pathway in such cases. At a time when gonococcal 
resistance is increasing, it is essential to consider existing 
strategies for preventing these infections, including vaccinations.
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Gonococcal infections can manifest as severe disseminated cases, 
known as disseminated gonococcal infections (DGI). Given the 
increasing rates of gonorrhea [1], especially those linked to 
cephalosporin-resistant strains [2], it is important to alert clini
cians to the manifestations of DGI and their association with 
complement deficiency. As these infections are sexually transmit
ted, individuals with DGI are also at risk for other sexually trans
mitted infections (STIs), necessitating comprehensive screening 
and preventive measures. A first episode of DGI is not always 
the subject of a thorough etiological investigation. We present a 
case of a patient with repeated episodes of DGI, who was diag
nosed with properdin deficiency following an extensive immuno
deficiency assessment. This X-linked deficiency predisposes 
individuals to other gram-negative diplococci infections, 

including invasive meningococcal disease. However, there are 
no reported cases directly linking it to DGI in the literature, sug
gesting it might be underdiagnosed. This case underscores the im
portance of detecting properdin deficiency and outlines 
appropriate management strategies once identified.

CASE REPORT

Context

The patient is a 29-year-old Caucasian male who presented 
with 2 distinct episodes of DGI, occurring 2 years apart. He en
gages in sexual intercourse with both men and women and oc
casionally uses recreational drugs like cocaine.

Medical History

His medical history includes several STIs, including syphilis, 
condylomas, and asymptomatic rectal carriage of Chlamydia 
trachomatis (CT) and Neisseria gonorrhoeae (NG). He has no 
history of recurrent infections in childhood and no other health 
issues.

Initial and Second Presentations

In 2021, he presented with a papulopustular rash featuring pur
puric elements affecting the arms, legs, and trunk, accompanied 
by wrist tenosynovitis and proctocolitis. Blood culture revealed 
growth of gram-negative diplococci identified as NG, and a pos
itive rectal polymerase chain reaction confirmed CT infection. 
The DGI responded to a week of cephalosporins, and CT proc
tocolitis was successfully treated with a week of doxycycline.

The patient presented again in March 2023 with a rapidly 
progressing necrotic purpuric lesion on the foot evolving 
over 48 hours. This was associated with fever, forefoot tenosyn
ovitis, and mandibular angle pain. A rheumatologist found no 
argument for mandibular or ankle arthritis on ultrasound, so 
no joint puncture was performed and there was no evidence 
for arthritis rather than arthralgia. His most recent sexual con
tact occurred 1 week before admission. Suspected bacteremia 
prompted initiation of cefotaxime after a positive blood culture 
once again revealed NG. A biopsy of the purpuric lesion, con
ducted after antibiotic treatment, yielded a sterile culture. Once 
again, the patient demonstrated rapid clinical improvement in 
response to antibiotic therapy. Tests for HIV, syphilis, hepatitis 
B, and hepatitis C were negative.

Diagnostic Approach

The second episode of DGI prompted us to investigate the possi
bility of an underlying immune deficiency. Drawing parallels to 
meningococcus, we recognized that immune defenses against 
gram-negative diplococci involve the complement system and 
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gamma globulins [3]. The levels of complement C3 (1.55 [.9–1.8] 
g/L), C4 (.33 [.1–.4] g/L), and CH50 (>61 [31.6–57.6] U/mL) were 
normal, and there was no hypogammaglobulinemia on the serum 
protein electrophoresis.

To go deeper, we explored the alternative complement pathway 
using the alternative pathway 50 (AP50) assay and investigated for 
properdin deficiency. A low AP50 level <10% (normal range: 
60%–140%) and a properdin antigen level below 1.75 mg/L 
(normal range: 12–40 mg/L) via immunochemistry confirmed 
the diagnosis of type I properdin deficiency. Next-generation 
sequencing further confirmed a rare pathogenic variant in the pro
perdin gene, located on the X chromosome: the critical mutation 
was found at base 235 in exon 4, where the change of cytosine to 
thymine had generated a stop codon. Although other mutations 
in exon 4 [4] have been reported, this one has not.

Medical Management

The diagnosis of properdin deficiency had significant implications 
for our patient at the individual level. Initially, we followed the 
French vaccination guidelines for properdin deficiency, which 
included the meningococcal B vaccine, ACYW tetravalent menin
gococcal vaccine, pneumococcal vaccine, and Haemophilus influ
enzae type b vaccine. Given his exposure risk to HIV, we also 
recommended preexposure prophylaxis [5]. He was too old 
(>26 years old) to meet the criteria for HPV vaccination.

Since properdin deficiency is X-linked, it was crucial to in
vestigate whether the mutation had affected other male mem
bers of the family. Consequently, we advised the patient to 
encourage family members to attend genetic counseling ses
sions, facilitating the implementation of preventive vaccination 
measures if deemed necessary. Even though the disease is 
X-linked and therefore mainly affects men, sisters (and mother) 
can acquire both abnormal X-genes if each parent carries an ab
normal X-gene that is passed on to progeny.

DISCUSSION

Our case is the first to report on the risk of DGI in the presence 
of properdin deficiency.

First, it is crucial not to overlook the diagnosis of DGI. Our 
patient presented 2 episodes illustrating DGI, characterized by 
a combination of fever, cutaneous signs (small papular or pus
tular lesions, few in number, located on the extremities), and 
joint manifestations (tenosynovitis or arthritis) [6]. While en
docarditis, meningitis, and osteomyelitis may also occur, they 
are exceptional. Invasive gonococcal infections differ from typ
ical genital infection manifestations (urethritis, epididymitis, or 
cervicitis and salpingitis).

When suggestive clinical signs of DGI are present, blood cul
tures must be performed. N gonorrhoeae is fragile and difficult 
to grow. Blood or synovial fluid cultures are positive in approx
imately 50% of cases [7]. Our patient is consistent with clinical 

studies that report a higher frequency of positive blood cultures 
in patients with cutaneous involvement and tenosynovitis. On 
the other hand, patients with purulent effusions are more likely 
to have positive synovial fluid and negative blood cultures. An 
explanation is that when arthritis is well established, the bacte
ria are primarily localized in the joint rather than in the blood
stream. Additionally, the severity of arthritis is likely driven 
more by an immune complex-mediated inflammatory response 
than by the direct presence of the bacteria [8].

Additionally, other STIs should be screened for, especially in 
asymptomatic carriers.

Most patients infected with gonococcus do not develop dis
seminated and severe forms. The traditionally cited rate of DGI 
is 0.5%–3% of all cases of gonorrhea [9]. Host and microbial 
factors both contribute to the risk of developing DGI. Certain 
characteristics of the gonococcal strain enhance tissue invasive
ness, particularly the expression of the PorB1A major outer 
membrane protein. PorB1A strains exhibit a 20-fold higher in
vasiveness compared to PorB1B strains. Only the second gon
ococcal strain was sent to the reference center at the Saint-Louis 
hospital in Paris, and it showed no virulence factors.

Regarding the host, the main risk factors reported in the liter
ature are linked to acquired or congenital complement deficien
cies. Crew et al. [10] reported in 2019 a case series describing 9 
cases of N gonorrhoeae infections in eculizumab-treated patients 
worldwide, since the start of pivotal clinical trials in 2004 through 
2017. Eculizumab is a humanized monoclonal antibody against 
terminal complement protein C5 that inhibits terminal comple
ment activation. DGI cases revealing complement fraction defi
ciencies have also been identified [11–13]. Ellison et al. [14] 
analyzed complement in 22 patients with their first episode of 
DGI—1 patient had complete deficiency of C1r and 2 had low 
CH50. One of these patients had low C4 and the other a low 
C8 level. Thus, complete or subtotal complement defects may 
be relatively common in patients with DGI than the general pop
ulation. However, most cases of DGI have not been associated 
with complement defects. This may be because CH50 and 
AP50 tests are not routinely performed after the first episode of 
DGI, but only in case of recurrent invasive neisserial infections. 
In our opinion, any DGI should be screened for classical immune 
deficiency with HIV serology, protein electrophoresis, and com
plement assay with C3 C4 and CH50. If this initial screening is 
negative, AP50 and properdin should be assayed.

The lack of screening for complement deficiency may explain 
why our patient is the first reported case of properdin deficiency. 
The discovery of properdin was credited to Dr. Pillemer of 
Cleveland, Ohio, USA, in 1954. He identified this serum protein, 
primarily produced by leukocytes, as crucial for bacterial defense. 
Properdin is known for its positive regulation of the alternative 
complement pathway, facilitating the generation and stabilization 
of alternative C3 convertases [15]. Extensive in vitro studies un
derscore its pivotal role in defending against Neisseria spp, 
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consistent with clinical observations of heightened susceptibility 
to meningococcal infections [6]. Agarwal et al. [16] found that 
physiological forms of properdin do not bind directly to 
Neisseriae but increase AP-dependent C3 deposition on the bac
teria, thereby illustrating the AP convertase-stabilizing function 
of properdin on Neisseriae. The first documented case of proper
din deficiency involved a Swedish family where multiple males 
experienced severe meningococcal meningitis [17]. Located on 
the X chromosome, mutations in the properdin gene exclusively 
affect males in families with the genetic variant [18]. Based on im
munochemical and functional analyses, 3 distinct types of pro
perdin deficiency has been identified [19]. Type 1 is the most 
common and is characterized, as in our patient, by a complete ab
sence of both properdin antigen and function. In type 2, proper
din deficiency is partial, whereas type 3 deficiency is marked by 
normal serum levels afunctionally impaired protein.

Men affected by this mutation are particularly susceptible to 
infections with N meningitidis, especially disseminated and se
vere forms [20–22]. The risk of meningococcal disease in 
properdin-deficient individuals has been estimated at approxi
mately 50%, which is 250 times higher than that of the general 
population [20].

As demonstrated in our clinical case, identifying properdin de
ficiency prompts the implementation of vaccination measures. In 
1998, Fijen et al. showed that individuals deficient in properdin 
respond effectively to immunization with the tetravalent polysac
charide meningococcal vaccine (A, C, Y, W135), generating anti
bodies and bactericidal anti-meningococcal activity [23]. Current 
vaccination guidelines stress the importance of vaccines targeting 
NM serogroup B, Streptococcus pneumonia, and Haemophilus in
fluenzae type b.

With rising antibiotic resistance in gonorrhea [24], meningo
coccal vaccination may offer partial protection. The MeNZB vac
cine contains outer membrane vesicle proteins, some of which are 
shared with N gonorrhoeae, thereby inducing cross-protective im
munity against both Neisseria meningitidis and N gonorrhoeae 
[25]. Similarly, 4CMenB vaccine includes recombinant proteins 
in addition to outer membrane vesicles. One of these, neisserial 
heparin binding antigen elicits antibodies that cross-react with 
the neisserial heparin binding antigen of N gonorrhoeae [26].

By contrast, DoxyPEP [27] has proven effective in reducing 
the incidence of CT and syphilis, may have limited, if any, effi
cacy versus gonorrhea in men having sex with men [28].

CONCLUSION

We present the first documented case of properdin deficiency re
vealed through 2 instances of DGI. Historically, this diagnosis has 
primarily arisen in the context of meningococcal infections, in
cluding some fatal cases. However, investigating this deficiency 
carries significant implications: it facilitates family screening 
and the implementation of targeted vaccinations for individual 

protection. The potential efficacy of meningococcal vaccination 
in protecting against gonococcus suggests a transitional solution 
in the absence of an effective gonococcal vaccine. Our patient’s 
experience underscores the importance of not underestimating 
DGI, which may indicate an underlying deficiency predisposing 
to more severe and preventable infections. We suggest that any 
DGI with a negative initial immune deficiency panel should be 
tested for properdin deficiency.

KEY MESSAGES

• Although rare disseminated gonococcal infections (DGI) 
should not be overlooked in the presence of fever, dermatitis, 
and joint manifestations (tenosynovitis or arthritis).

• Blood cultures will be negative in half of all cases, especially 
in cases of arthritis.

• Given the associated risk of meningococcal disease, a first ep
isode of DGI should be followed by testing for complement 
deficiency.
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