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Abstract

BACKGROUND—Idiopathic CD4 lymphocytopenia (ICL) is a clinical syndrome that is defined 

by CD4 lymphopenia of less than 300 cells per cubic millimeter in the absence of any primary 

or acquired cause of immunodeficiency. Some 30 years after its original identification, ICL has 
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remained a disease of obscure cause, with limited evidence with respect to its prognosis or 

management, despite diagnostic and therapeutic innovations.

METHODS—We evaluated the clinical, genetic, immunologic, and prognostic characteristics 

of 108 patients who were enrolled during an 11-year period. We performed whole-exome 

and targeted gene sequencing to identify genetic causes of lymphopenia. We also performed 

longitudinal linear mixed-model analyses of T-cell count trajectories and evaluated predictors of 

clinical events, the response to immunization against coronavirus disease 2019 (Covid-19), and 

mortality.

RESULTS—After the exclusion of patients with genetic and acquired causes of CD4 

lymphopenia, the study population included 91 patients with ICL during 374 person-years of 

follow-up. The median CD4+ T-cell count among the patients was 80 cells per cubic millimeter. 

The most prevalent opportunistic infections were diseases related to human papillomavirus 

(in 29%), cryptococcosis (in 24%), molluscum contagiosum (in 9%), and nontuberculous 

mycobacterial diseases (in 5%). A reduced CD4 count (<100 cells per cubic millimeter), as 

compared with a CD4 count of 101 to 300 cells, was associated with a higher risk of opportunistic 

infection (odds ratio, 5.3; 95% confidence interval [CI], 2.8 to 10.7) and invasive cancer (odds 

ratio, 2.1; 95% CI, 1.1 to 4.3) and a lower risk of autoimmunity (odds ratio, 0.5; 95% CI, 0.2 to 

0.9). The risk of death was similar to that in the age- and sex-adjusted general population, but the 

prevalence of cancer was higher.

CONCLUSIONS—Among the study patients, ICL continued to be associated with increased 

susceptibility to viral, encapsulated fungal, and mycobacterial diseases, as well as with a reduced 

response to novel antigens and an increased risk of cancer. (Funded by the National Institute 

of Allergy and Infectious Diseases and the National Cancer Institute; ClinicalTrials.gov number, 

NCT00867269.)

IDIOPATHIC CD4 LYMPHOCYTOPENIA (ICL) was initially described in 1992 after opportunistic 

infections that are known to be associated with human immmunodeficiency virus (HIV) 

infection were identified in patients with low CD4+ T-cell counts and negative HIV tests.1–5 

In 1993, the ensuing investigation by the Centers for Disease Control and Prevention 

formulated the syndromic definition of ICL as a rare, idiopathic disease without evidence 

of familial linkage or a transmissible agent.6,7 Since then, the diagnosis of ICL has been 

defined as a CD4 count of less than 300 cells per cubic millimeter measured at least 

twice 6 weeks apart in the absence of any disease or therapy that may be associated with 

lymphopenia.

The discovery of ICL was contemporaneous to the identification of HIV and acquired 

immunodeficiency syndrome (AIDS) and was portrayed as “AIDS without HIV” on the 

basis of the presence of similar presenting opportunistic infections and a low CD4+ T-cell 

count but a negative HIV test. Today, 30 years later, HIV infection has become a chronic 

disease that is managed effectively with antiretroviral therapy with a nearly normal life 

expectancy.8 In sharp contrast, ICL has remained a disease of obscure cause, with limited 

evidence with respect to prognosis or management, despite diagnostic and therapeutic 

innovations.
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The rarity and perceived heterogeneity of ICL cases have posed challenges to addressing 

the pathophysiological features, prognosis, and therapeutic strategies. Few studies have 

highlighted the main clinical and immunologic characteristics of this disease.9–11 More 

recently, the identification of ICL in infancy has added a new dimension to the syndrome 

by raising hopes of ascertaining potential genetic components.12,13 To evaluate the current 

knowledge regarding ICL and its clinical implications, we performed an observational study, 

called the Etiology, Pathogenesis, and Natural History of Idiopathic CD4 Lymphocytopenia, 

to describe the disease presentation, genetic workup, immunologic profile, and prognostic 

factors in a cohort of patients with ICL.

METHODS

PATIENTS

From January 2009 through March 2020, patients with ICL were enrolled in the study, 

which was approved by the internal review board at the National Institutes of Health (NIH). 

All the patients were seen at the NIH Clinical Center for all study visits at screening, 

baseline, follow-up, and ad hoc evaluations for incidental clinical needs.

Eligible patients were adults (≤18 years of age) with a CD4+ T-cell count of less than 300 

cells per cubic millimeter or less than 20% of total T lymphocytes at the screening visit 

and on at least two previous occasions at least 6 weeks apart in the absence of any disease 

or therapy that may cause lymphopenia, as outlined in the protocol, available with the full 

text of this article at NEJM.org. Additional inclusion and exclusion criteria and all clinical 

and laboratory assessments that were performed at screening and at follow-up are described 

in the Supplementary Appendix, also available at NEJM.org. Ongoing care by a referring 

physician was required to coordinate care and access to clinical records for events that 

occurred before enrollment or outside of NIH study visits. All the patients provided written 

informed consent.

IMMUNOLOGIC STUDIES

We measured the number of CD4+ and CD8+ T cells, B cells, and natural killer (NK) cells 

on flow cytometry. Serologic analysis for severe acute respiratory syndrome coronavirus 

2 (SARS-CoV-2) was performed with the use of the Elecsys SARS-CoV-2 Antigen assay 

(Roche Diagnostics).

STATISTICAL ANALYSIS

We performed two-tailed nonparametric tests to compare ranks between groups. We divided 

lymphocyte counts into thirds from the overall distribution of T cells and NK cells to 

evaluate the potential prognostic value of such numbers, according to measurements at 

study entry. To determine the association between the thirds of lymphocyte counts and 

a clinical condition associated with ICL, we performed Firth’s method of bias-reduced 

logistic-regression analysis14 using multiple outputation.15 To divide the distribution of 

lymphocyte counts into thirds, we used the cutoff points of 42 and 128 CD4+ T cells, 91 and 

234 CD8+ T cells, and 120 and 167 NK cells per cubic millimeter; a predefined cutoff of 
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100 CD4+ T cells per cubic millimeter was used in a sensitivity analysis. Longitudinal linear 

mixed models were used to evaluate the trajectories of CD4+ and CD8+ T-cell counts.

We used a one-sided Poisson test to evaluate the difference in the prevalence and associated 

mortality between patients with ICL and the general population in the Surveillance, 

Epidemiology, and End Results (SEER) Program as matched according to age and sex. 

A P value of less than 0.05 was considered to indicate statistical significance.

RESULTS

PATIENTS

A total of 108 patients were enrolled in the study. Of these patients, 17 were excluded from 

our analysis: 5 who had a CD4+ T-cell count that was inconsistent with ICL, 5 who had 

an alternative diagnosis (common variable immunodeficiency in 2 patients, lymphodepleting 

chemotherapy for lymphoma in 1 patient, autoimmune disease in 1 patient, and Crohn’s 

disease with CD4+ T-cell recovery after treatment with a tumor necrosis factor α blocker in 

1 patient), withdrawal of consent in 1 patient, and 6 cases of inborn errors of immunity16 

with pathogenic variants in NFKB1, PI3KCD, FAS,17 IL2RG,18 DOCK8, and CD419 after 

genetic workup that was performed in 84 study patients (80 by whole-exome sequencing 

and 4 by targeted-gene-panel sequencing).20 Of the remaining 91 evaluable patients, 80 

remained in the study through March 2020, whereas 11 patients who provided updated 

clinical information remotely were included in the analysis up to their last visit.

The baseline demographic and clinical characteristics of the patients are provided in Table 

1. The median age at enrollment was 48 years (interquartile range, 36 to 59); 49% of 

the patients were women. Most of the patients were White (88%); 69% had an infectious 

complication at enrollment or during follow-up, and 36% had an autoimmune condition. The 

median cell counts per cubic millimeter at enrollment were as follows: CD4+ T cells, 80 

(interquartile range, 25 to 168); CD8+ T cells, 130 (interquartile range, 58 to 317); NK cells, 

142 (interquartile range, 100 to 378); and B cells, 144 (interquartile range, 92 to 218). Both 

CD4+ and CD8+ T-cell counts (and consequently, total CD3+ T-cell counts) were lower in 

the study patients than in healthy adults, but levels of NK and B cells were similar in the 

two groups. The median number of visits per patient was 7 (interquartile range, 7 to 14), 

with a median follow-up of 3 years (interquartile range, 0 to 6) and a total follow-up of 374 

person-years.

INFECTIOUS COMPLICATIONS

Most infectious complications were registered during screening to describe the reason for 

the identification of CD4 lymphopenia and subsequent ICL diagnosis. To better delineate the 

clinical spectrum of the infections observed in the patients with ICL as compared with the 

general population, we categorized the patients as having “any infectious complication,” “an 

opportunistic infection of clinical significance,” or both. Of the 91 patients, 63 (69%) were 

categorized as having at least one infectious complication — 58 at screening and 5 during 

follow-up; 53 patients (58%) — 49 at screening and 4 during follow-up — were categorized 

as having at least one opportunistic infection of clinical significance (Table 2 and the 
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Supplementary Appendix). We made this distinction because some infectious complications 

such as dermatomal shingles can occur in the general population and may not necessarily 

reflect an underlying severe immunologic defect, as compared with opportunistic infections 

of clinical significance such as cryptococcal meningoencephalitis and multidermatomal 

shingles.

The most common opportunistic infections were severe skin or anogenital human 

papillomavirus (HPV)–related diseases (in 27 patients [29%]) and cryptococcosis (in 22 

patients [24%]), which presented as meningoencephalitis (in 16 patients [18%]), pneumonia 

(in 4 patients), and disseminated skin or musculoskeletal diseases (in 2 patients). Eight 

patients had molluscum contagiosum; other opportunistic infections were disseminated 

nontuberculous mycobacterial infection (in 2 patients), pulmonary (in 2 patients) or skin 

or musculoskeletal diseases (in 1 patient), disseminated histoplasmosis (in 2 patients) 

and pulmonary histoplasmosis (in 2 patients), progressive multifocal leukoencephalopathy 

(in 3 patients), multidermatomal or complicated (Ramsay Hunt syndrome) shingles (in 2 

patients), and cytomegalovirus diseases (colitis and retinitis in 1 patient each). Pneumocystis 
jirovecii pneumonia (PJP), oral candidiasis, pulmonary coccidioidomycosis, and pulmonary 

aspergillosis were observed in 1 patient each. A total of 21 of 53 patients (40%) had at least 

two different opportunistic infections.

LYMPHOCYTE COUNTS AND CLINICAL IMPLICATIONS

We first evaluated whether the probability of having a specific clinical condition was 

associated with a particular third of CD4+ T-cell counts (Fig. 1). We found that the patients 

with a CD4+ T-cell count in the lowest third (0 to 42 cells per cubic millimeter) had a risk 

of having an opportunistic infection that was higher by a factor of 14.6 (95% confidence 

interval [CI], 6.2 to 47.4) than those in the highest third (128 to 300 cells per cubic 

millimeter); those in the middle third (42 to 128 cells per cubic millimeter) had a risk that 

was higher by a factor of 2.3 (95% CI, 1.1 to 5.0). In contrast, the odds of having an 

autoimmune disease were lower in the lowest and middle thirds of CD4+ T-cell counts — by 

a factor of 0.4 (95% CI, 0.2 to 0.8) in both thirds — than among those in the highest third. 

Moreover, the lowest third of CD4+ T-cell counts was associated with a higher risk of any 

cancer diagnosis (odds ratio, 2.5; 95% CI, 1.1 to 5.4).

To validate our findings and their implications for risk stratification, we performed a 

sensitivity analysis by using a cutoff of 100 CD4+ T cells per cubic millimeter, a well-

recognized clinical value in patients with HIV infection or AIDS. Such analysis showed 

results similar to those in the original analysis, with a CD4 count of less than 100 cells per 

cubic millimeter associated with a higher risk of invasive cancer (odds ratio, 2.1; 95% CI, 

1.1 to 4.3) and opportunistic infection (odds ratio, 5.3; 95% CI, 2.8 to 10.7) and a lower 

risk of autoimmunity (odds ratio, 0.5; 95% CI, 0.2 to 0.9) (Fig. S2 in the Supplementary 

Appendix).

We found that patients with the middle third of CD8+ T-cell counts (91 to 234 cells per 

cubic millimeter) had lower risk of opportunistic infection than those in the highest third 

(odds ratio, 0.4; 95% CI, 0.2 to 0.9). The lowest third of CD8+ T-cell counts (0 to 91 cells 

per cubic millimeter) and NK cells (0 to 120 cells per cubic millimeter) were both associated 
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with a higher risk of cancer than the highest third, with odds ratios of 2.9 (95% CI, 1.3 

to 8.3) and 3.2 (95% CI, 1.5 to 7.7), respectively. CD8+ T-cell counts were not associated 

with autoimmunity, whereas the middle third of NK-cell counts (120 to 167 cells per cubic 

millimeter) was associated with a lower risk of autoimmunity than the highest third (odds 

ratio, 0.5; 95% CI, 0.3 to 0.98).

Because a progressive increase in CD4+ T-cell counts to 300 cells per cubic millimeter 

or more was observed in 2 patients, we assessed the trajectories of CD4+ and CD8+ T 

cells during the follow-up period (Fig. 2). Our analysis showed a significant, albeit minor, 

increase of CD4+ and CD8+ T-cell counts by a factor of 1.044 per year (95% CI, 1.030 

to 1.059; P<0.001) and 1.031 per year (95% CI, 1.015 to 1.046; P<0.001), respectively. 

Therefore, if the CD4+ T-cell count was 100 cells per cubic millimeter, an increase to 104 

cells per cubic millimeter would be expected in the following year. In contrast to T-cell 

lymphocytes, there were no significant changes in NK-cell numbers over time.

SEROLOGIC RESPONSE TO SARS-COV-2 IMMUNIZATION

As of October 2021, a total of 22 patients with ICL who had received two doses of 

SARS-CoV-2 messenger RNA vaccines had been evaluated. Of these patients, 8 (36%) 

did not have detectable antibodies against the SARS-CoV-2 spike protein. The lack of 

serologic response was associated with a lower median CD4+ T-cell count at the time of 

immunization (58 cells per cubic millimeter in those with no response vs. 165 cells per cubic 

millimeter among those with a response; P<0.001) (Fig. S1). The serologic response was not 

associated with age, sex, or B-cell count. As of May 2022, a total of 7 patients had received 

monoclonal-antibody therapy with tixagevimab–cilgavimab for preexposure prophylaxis. 

SARS-CoV-2 infection had developed in 10 patients, all of whom had mild disease that did 

not result in hospitalization, oxygen supplementation, or any clinical sequelae.

INCIDENTAL INFECTIOUS COMPLICATIONS, CANCERS OR AUTOIMMUNE DISEASES, 
AND MORTALITY DURING FOLLOW-UP

Incidental infectious complications were observed during follow-up in 5 patients (5%) 

for 1.47 events per 100 person-years. These complications were a case each of 

disseminated nontuberculous mycobacterial infection, dermatomal shingles, HPV-related 

cervical dysplasia, and cryptococcal meningitis, along with a case of cryptococcal 

pneumonia with cryptococcoma in a patient receiving fluconazole as primary prophylaxis 

(Table 2).

Fourteen invasive cancers of different histotypes were observed in 13 patients with ICL. 

These included anal and vulvovaginal cancers, tumors of the oral cavity or pharynx, lung 

squamous-cell carcinoma, papillary thyroid carcinoma, prostate or breast adenocarcinoma, 

non-Hodgkin’s lymphoma, and Kaposi’s sarcoma (Table 3). Eleven cancers were diagnosed 

after enrollment in our study, whereas three diagnoses preceded enrollment. The prevalence 

of any invasive cancer was higher among the study patients than in the general population 

after adjustment for age and sex for those with prevalent cancers (13 observed vs. 5.412 

expected cases; P = 0.004) as well as for incident cancers (11 observed vs. 5.412 expected 

cases; P = 0.02). The study patients with ICL had a significantly higher prevalence of 
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six cancers — anal, vulvovaginal, oral cavity or pharynx, papillary thyroid carcinoma, 

non-Hodgkin’s lymphoma, and Kaposi’s sarcoma — than expected cases in the general 

population. A total of 44 autoimmune diseases were diagnosed in 33 patients: 30 diagnoses 

that had been established at the time of enrollment and 14 during clinical follow-up.

During 374 person-years of follow-up, the rate of death among the study patients was 

similar to that in the general population (1.337 deaths per 100 person-years [5 deaths in 91 

patients] and 0.854 deaths per 100 person-years, respectively).

THERAPEUTIC INTERVENTIONS

In our cohort, 55% of the patients received prophylaxis for opportunistic infections. Of 

these patients, 88% continued prophylaxis for more than 1 year. A total of 67% of the 

patients received prophylaxis for PJP (48% with trimethoprim–sulfamethoxazole, 11% 

with atovaquone, and 8% with dapsone), 13% received azithromycin for nontuberculous 

mycobacterial infection prophylaxis, and 8% received fluconazole as antifungal prophylaxis. 

At the time of this report, one patient was receiving recombinant human interleukin-7 

(efineptakin alfa) for disabling HPV-related skin disease and anogenital dysplasia. 

Two patients with progressive HPV-related cancers (skin and anogenital squamous-cell 

carcinoma) underwent allogeneic HLA-matched hematopoietic stem-cell transplantation 

and remain on follow-up with study data censored at the time of transplantation. Two 

patients were also enrolled in a pilot study of belimumab (ClinicalTrials.gov number, 

NCT04097561), but the data that were included in this analysis predated their belimumab 

infusions.

DISCUSSION

In this observational study, we sought to expand knowledge regarding the clinical, genetic, 

immunologic, and prognostic characteristics of patients with ICL. The rarity of ICL has 

constrained systematic clinical studies, with existing literature consisting of case reports 

or series and smaller retrospective cohort studies.9–11 The consensus had been that ICL 

represents a heterogeneous disorder and that widespread availability of genomic data 

would reveal novel mendelian genetic causes. However, the cause of ICL has remained 

elusive even in infants with lymphopenia that has been diagnosed by means of T-cell 

receptor excision circle screening,12,13 with only 10% currently receiving a specific genetic 

diagnosis. Similarly, in our cohort, despite extensive genetic workup, only 7% of the patients 

were found to have a monogenic cause of CD4 lymphopenia.

Nevertheless, our results support a prominent role of CD4+ T cells in disease presentation, 

which justifies the chosen name of the syndrome at its inception and expands the role of 

CD4+ T-cell counts in ICL as an important biomarker to inform management. We found 

that patients with reduced CD4+ T-cell counts were more likely to have opportunistic 

infections, a finding that supports a continuous relationship between CD4 counts and 

infection susceptibility. However, causality cannot be determined, and cutoffs of CD4 counts 

that originate from a single cohort may not be generalizable.
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In addition, the spectrum of the opportunistic infections observed in patients with ICL 

is distinct from that in those with untreated HIV type 1, which suggests differences in 

pathogenesis. Although ICL has been consistently described as a heterogenous disorder, 

we found a rather unifying pattern of clinical presentations of HPV-related diseases, 

cryptococcosis, cancers, and autoimmunity, a compilation that should trigger an articulated 

clinical, immunologic, and genetic evaluation. We suspect that ICL may be more 

homogeneous than originally thought, because our study patients had an overall stable or 

modestly up-trending T-cell trajectory without a profound effect on mortality (very different 

from the trajectory in patients with HIV infection) and an apparent lack of a unifying 

monogenic cause. As compared with the first reported cases of ICL in the 1980s and 

1990s, we have seen almost no cases of PJP, toxoplasmosis, mucosal candidiasis, and CMV 

retinitis as presenting opportunistic infections. Antimicrobial prophylaxis may only partially 

explain the lower frequency of PJP and toxoplasmosis in patients with ICL because most 

of the opportunistic infections that were identified in our study were recorded as the initial 

diagnosis before initiation of any prophylaxis. The distribution of opportunistic infections 

that we observed may also signal an overall shift in prevalent infections in the United 

States or a possible bias in ICL case identification at the height of the AIDS epidemic. 

Because long-term antibiotic prophylaxis poses risks and toxic effects, an individualized 

approach to PJP prophylaxis in patients with ICL may be preferred by weighing the 

presence of additional risk factors, such as underlying pulmonary disease, further immune 

suppression (e.g., with glucocorticoids), or logistic hurdles for prompt access to medical 

care. Prophylaxis or cryptococcal antigen screening for cryptococcosis species should be 

considered, given the severity and higher prevalence of these infections in our cohort.

Associations between ICL and the risk of cancer (especially lymphomas) and primary 

immunodeficiencies (particularly common variable immunodeficiency)21,22 have been 

identified previously. following similar methods, we found that the overall prevalence of 

cancers was increased in our ICL cohort, which was driven by HPV-related squamous-cell 

carcinoma, non-Hodgkin’s lymphoma, papillary thyroid carcinoma, and Kaposi’s sarcoma. 

The increased risk of cancer in patients with ICL with concomitantly reduced numbers of 

CD4, CD8, and NK cells further emphasizes the clinical implication of severe lymphopenia 

on cancer immunosurveillance. Deficient immune responses against viral or somatic 

neoantigens may underlie the increased susceptibility to virus-associated cancers (i.e., 

HPV, Kaposi’s sarcoma–associated herpesvirus, and Epstein–Barr virus) and non-Hodgkin’s 

lymphoma, whereas impaired CD4+ T-cell regulatory functions causing autoimmune 

thyroiditis may promote papillary thyroid carcinoma, as suggested by accumulating 

epidemiologic evidence in the general population,23 in patients with common variable 

immunodeficiency,20 and in patients undergoing organ transplantation.24

Understanding the pathogenesis of ICL remains an important obstacle to designing clinical 

interventions. Immune-based therapies and hematopoietic stem-cell transplantation25–27 

have been attempted,28 including at our institution, with mixed results. We previously 

reported on the high prevalence of autoantibodies29,30 in patients with ICL, which may 

cause or exacerbate lymphopenia, and a pilot study of belimumab is currently under way.29 

The late clinical onset of ICL with prominent loss of naive T cells9,10 may result in a 

premature progressive erosion of adaptive immunosurveillance against some opportunistic 
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pathogens and somatic antigens, a hypothesis that provides an additional argument for a 

distinct pathogenesis as compared with other primary or acquired immunodeficiencies.

Our data did not support a short-term higher risk of death among patients with ICL 

than that in the general population, but our sample was small and follow-up time was 

relatively short to ascertain such an outcome. Regardless, if untreated patients with HIV 

infection with similar CD4 counts were followed for 3 years, the mortality would have 

been higher than what we observed in our study cohort, which further supports the distinct 

clinical implications of CD4 lymphopenia in patients with ICL.31–35 Another limitation 

of our study is that we recruited patients from the entire country, and we cannot exclude 

the possibility that the presence of mild cases, disabling opportunistic infections (i.e., 

progressive multifocal leukoencephalopathy), or coexisting conditions may have affected the 

decision for NIH referral. We did not identify clear differences between our study patients 

and those in other smaller cohorts,11 but we cannot rule out the possibility that the clinical 

spectrum may have been skewed by other referral biases based on NIH clinical expertise 

or disparities in the ability to diagnose opportunistic infections or to acquire clinical and 

microbiologic records. Regardless, a national registry would greatly enhance the study of 

the clinical and epidemiologic features of ICL, including important morbidity and mortality 

data.

We present clinical and immunologic characteristics and outcomes of the patients with 

ICL who participated in our study. The lower CD4+ T-cell counts that we encountered in 

our study patients were associated with both opportunistic infections and cancers, which 

led to clinical monitoring and individualized approaches to antimicrobial prophylaxis. 

Although our study patients did not have a higher short-term risk of death than that in the 

general population, the increased cancer prevalence supports primary and secondary cancer 

preventive strategies in ICL management.
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Figure 1. Distribution of CD4, CD8, and NK Cell Counts in Patients with Opportunistic 
Infections, Cancers, and Autoimmune Diseases.
Shown are the median absolute numbers of CD4+ and CD8+ T cells and natural killer 

(NK) cells in the study patients, according to the presence or absence of opportunistic 

infection of clinical significance (Panel A), cancer (Panel B), and autoimmune disease 

(Panel C) (upper panels). The red dashed lines show the cutoffs for the lowest third, middle 

third, and highest third of the values. In each graph, the horizontal black bar indicates the 

median value, and the dashed black bars indicate the interquartile range. The lower panels 

show log-transformed odds ratios for opportunistic infection, cancer, or autoimmune disease 

among the study patients in the lowest third and middle third of values as compared with the 

highest third after adjustment for age and sex. Data points in red indicate the odds ratios in 

which the 95% confidence intervals (represented by error bars) exclude the null value of 1, 

indicating a significant increase or decrease in the risk of the specified outcome.
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Figure 2. Absolute Values and Trajectories of CD4 and CD8 Counts during Follow-up.
In the upper panels, shown are absolute numbers of CD4+ T cells (Panel A) and CD8+ T 

cells (Panel B) for all the study patients during 11 years of follow-up. In the lower panels, 

shown are the longitudinal trajectories of CD4+ T cells (Panel C) and CD8+ T cells (Panel 

D) over time as evaluated by linear mixed models for longitudinal data.
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