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Abstract

Most human immunodeficiency virus (HIV)–infected individuals experience increases in 

peripheral CD4+ T cell counts with suppressive antiretroviral therapy (ART) that achieves plasma 

HIV RNA levels that are less than the limit of detection. However, some individuals experience 

decreasing CD4+ T cell counts despite suppression of plasma viremia. We evaluated 4 patients 

with a history of CD4+ T cell decline despite successfully suppressive ART, from a median of 719 

cells/mm3 (range, 360–1141 cells/mm3) to 227 cells/mm3 (range, 174–311 cells/mm3) over a 

period of 18–24 months; 3 of the patients were receiving tenofovir and didanosine, which may 

have contributed to this decrease. There was no evidence of HIV replication, nor of antiretroviral 

drug resistance in the blood or lymphoid tissue, or increased proliferation or decreased thymic 

production of naive CD4+ T cells. All 4 patients had significant fibrosis of the T cell zone of 

lymphoid tissue, which appeared to be an important factor in the failure to reconstitute T cells.
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CD4+ T cell lymphopenia is a hallmark of human immunodeficiency virus type 1 (HIV-1) 

infection [1]. In the absence of combination antiretroviral therapy (ART), the vast majority 

of HIV-infected persons experience an inexorable and progressive decrease in the CD4+ T 

lymphocyte counts, leading to opportunistic infections and death [2]. The precise 

mechanisms involved in T cell depletion in the absence of ART are largely unknown. 

Because there is significant replication of HIV, it has been suggested that direct viral 

cytopathogenicity accounts for at least some HIV-associated CD4+ T cell loss [3]. Evidence 

also suggests a role for indirect effects of HIV infection on the immune system, such as 

persistent immune activation leading to apoptosis of uninfected cells, as well as decreased 

thymic output of naive CD4+ T cells [2, 4–7].

The use of combination ART generally results in suppression of HIV replication, increases 

in peripheral CD4+ T cell counts, and decreased morbidity and mortality due to HIV/AIDS 

in countries with widespread access to such therapy [8]. However, there are anecdotal 

reports of HIV-infected patients who maintain levels of plasma HIV RNA that are less than 

the limit of detection, with or without [9] ART, but who nonetheless experience sustained 

declines in peripheral CD4+ T cell counts. T cell depletion despite successful suppression of 

plasma viremia seems paradoxical in such patients.

It is difficult to delineate the pathogenesis of declining CD4+ T cell numbers despite 

suppression of plasma HIV RNA. There may be plasma HIV levels below the detection 

limits of most assays, or there may be significant HIV replication in reservoirs, such as 

lymphoid tissue (LT), that does not spill over into the plasma [4–5]. Such replication could 

be associated with high CD4+ T cell turnover [6] and cell death, decreased production [2] of 

naive CD4+ T cells, or changes in LT architecture that impair normal T cell homeostasis [7]. 

We evaluated the possible contribution of those pathogenic mechanisms in 4 patients with a 

history of declining CD4+ T cell counts despite suppression of plasma HIV RNA below the 

limit of detection during 3- or 4-drug ART.

MATERIALS AND METHODS

Patients

We evaluated 4 patients with chronic HIV infection who were receiving 3- or 4-drug ART 

and had a history of CD4+ T cell decline from a median of 719 cells/mm3 (range, 360–1141 

cells/mm3) to 227 cells/mm3 (range, 174–311 cells/mm3) over an 18–24-month period, 

despite suppression of plasma viremia to <400 copies/mL and <50 copies/mL at enrollment. 

Levels of plasma HIV RNA, peripheral CD4+ T cells, and routine safety laboratory markers 

were evaluated. Over time, ART regimens were changed commensurate with standards of 

clinical care. Lymph node biopsies for the 4 patients were performed ≥18 months (18, 156, 

84, and 21 months), after initiation of ART. Relevant patient characteristics are summarized 

in table 1.

Measurement of HIV levels in the peripheral blood

Lymphocyte subsets were analyzed. Levels of plasma HIV RNA (copies/mL) and cell-

associated HIV RNA (copies per 106 peripheral blood mononuclear cells [PBMCs]) were 

Nies-Kraske et al. Page 2

J Infect Dis. Author manuscript; available in PMC 2016 April 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



quantified by branched-chain DNA assay (Bayer Versant HIV-1 3.0) with a detection limit of 

<50 copies/mL and the following modifications. Cells were washed 3 times in PBS, and 106 

cells were lysed with 120 μL of lysis reagent. The lysate was incubated at 63°C for 2 h. The 

assay proceeded according to the manufacturer's instructions using 100 μL of lysate. 

Ultrasensitive assays of plasma HIV RNA were performed; 1 mL of plasma was pelleted by 

ultracentrifugation and HIV-1 RNA was extracted and quantified using a previously 

described real-time polymerase chain reaction (PCR) assay, with a limit of quantitation of 1 

copy HIV-1 RNA/mL of plasma [10] and adaptations for the use of 1 mL of plasma rather 

than 7 mL [11]. Additionally, DNA was isolated from CD8+ T cell–depleted PBMCs 

(Puregene, Gentra Systems). Proviral HIV DNA was quantified by HIV long terminal repeat 

PCR, as described elsewhere [12], with adaptations for real-time PCR technology.

Measurement of HIV levels in LT

Inguinal lymph nodes were surgically excised with patients under local anesthesia, as 

described elsewhere [13–14]. Lymph node mononuclear cells (LNMCs) were extracted, and 

a portion of each lymph node was immediately fixed for in situ hybridization (ISH) and 

immunohistochemistry (IHC). All patients signed informed consents to participate in this 

protocol, which was approved by the Internal Review Board of the National Institute of 

Allergy and Infectious Diseases.

LNMC HIV DNA proviral copy numbers and cell-associated HIV RNA levels were 

determined as described for PBMCs. ISH was performed using standard procedures to detect 

HIV RNA, as described elsewhere [14–15]. IHC was performed with primary antibodies for 

HIV gag p24 antigen (molecular clone Kal-1) and a staining kit (Dako). Secondary 

antibodies were revealed by means of tyramide signal amplification (PerkinElmer). The 

presence of Ki-67 in LNMCs was evaluated by IHC using the molecular clone MIB-1 

(Dako), as described elsewhere [14–15].

Quantitative image analysis of collagen deposition in the T cell zone (TZ) of LT

Analysis of collagen fibers in lymph node tissue to determine fibrosis has been described 

elsewhere [7]. In brief, collagen fibers were treated with a trichrome stain. Multiple images 

were acquired from the TZ of each lymph node. These images were analyzed using Fovea 

Pro (Reindeer Graphics) and Photoshop CS, version 7.0 (Adobe), software to determine the 

percentage area of LT that contained collagen fibers. In 2 patients (patients 1 and 2), tissue 

specimens were not available for trichrome analysis. However, fibrosis in the hematoxylin-

eosin (HE)–stained sections was quantified using techniques similar to those for trichrome 

analysis. To evaluate the performance of HE staining for fibrosis, quantitative image 

analyses were compared for trichrome and HE staining in patients 3 and 4, with variation 

between techniques of <0.8% in patient 3 and 1.7% in patient 4.

Antiretroviral drug resistance mutations in peripheral blood and LT

Qualitative genotypic analysis of drug resistance mutations with oligonucleotide ligation 

assay was performed on proviral HIV DNA from PBMCs and LNMCs, as described 

elsewhere [16–17]. Replication-competent cells in the peripheral blood were evaluated for 

mutations associated with antiretroviral drugs by TRUGENE HIV-1 genotyping (Visible 
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Genetics) after CD8+ T cell–depleted PBMCs were stimulated for up to 21 days in culture 

with anti-CD3 antibody.

Production of CD4+ T cells by the thymus

To assess thymic output of naive T cells, real-time PCR of T cell receptor excision circles 

(TRECs) was performed, as described elsewhere [18].

Statistical methods

Pre- and post-ART regression slopes were compared in a form of regression known as 

change point analysis; specifically, CD4 (month) = , where z = 1 

if month >0 and 0 otherwise. P values are 2-sided. Testing for autocorrelation was done with 

the Durbin-Watson statistic. Adjustment for serial correlation was required in patient 4. 

Given the small sample size and commensurate limitations of repeated measures with 

unequal time points, the effect of a change in ART regimen was analyzed for each subject.

RESULTS

HIV burden in peripheral blood and LT

Reports indicate that certain patients have detectable plasma HIV RNA levels below the 

limit of detection with standard clinical assays [10, 19]. After enrollment, all 4 patients had 

<50 copies HIV RNA/mL plasma at 2 measurements a median of 2 months apart. Therefore, 

HIV RNA was quantified at enrollment by an ultrasensitive assay with a detection limit of 

<1 copy/mL plasma. Results ranged from <1 to 5 copies/mL (table 2). PBMC-associated 

HIV RNA levels were <50 copies/106 PBMCs, and proviral HIV DNA levels ranged from 6 

to 292 copies/106 CD8+ T cell–depleted PBMCs (table 2). Comparable levels for each assay 

have been reported in aviremic patients without CD4+ T cell loss [20–23].

LT is a known reservoir of HIV replication despite undetectable plasma HIV RNA [4–5, 24–

29]. Therefore, loss of peripheral CD4+ T cells could be due to significant HIV replication in 

LT. Low-level viral replication was demonstrated by ISH in patient 2 (figure 1A and 1B), 

and IHC demonstrated some HIV gag p24 antigen associated with follicular dendritic cells 

(FDCs) in all 4 patients (figure 1D). Similar levels of HIV RNA [5, 13, 15, 30–34] and p24 

[7, 13–15, 27] have been reported in patients receiving ART without CD4+ T cell loss. 

Notably, p24 antigen may remain associated with FDCs in LT for years without active viral 

replication [15, 27, 32].

LNMCs were evaluated for cell-associated HIV RNA (levels in patients 2, 3, and 4, <50 

copies/106 LNMCs) and proviral HIV DNA (levels in patients 3 and 4, 800 and 60 

copies/106 LNMCs, respectively) (table 2). Comparable levels have been reported in 

aviremic patients without CD4+ T cell loss [17, 22, 31, 35].

Resistance to antiretroviral drugs in peripheral blood and LT

Virus isolated from LNMCs of HIV-infected patients receiving ART has shown evidence of 

drug resistance–associated mutations [34]. Occult HIV replication not detectable by 

currently available assays could lead to antiretroviral drug resistance and loss of CD4+ T 

Nies-Kraske et al. Page 4

J Infect Dis. Author manuscript; available in PMC 2016 April 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



cells. Therefore, we evaluated the presence of occult drug resistance–associated mutations in 

LNMCs and PBMCs with the highly sensitive oligonucleotide ligation assay. Low levels of 

M184V were detected in PBMCs of patient 2; this mutation had been identified in plasma 15 

months before enrollment (table 2). In patient 3, replication-competent virus grew from 

PBMCs in culture, but no drug resistance–associated mutations were detected (table2). 

There were not enough cells for us to evaluate replication-competent virus in LNMCs from 

this patient.

Cellular proliferation in LT

Failure to reconstitute peripheral CD4+ T cells during HIV infection has been attributed to 

continued T cell activation and turnover, leading to cell death [6]. Therefore, we used IHC to 

evaluate the presence of Ki-67, a cellular proliferation marker, in LNMCs. All patients had 

low levels of Ki-67 (figure 1F–1I), but comparable levels have been reported in LT of 

aviremic, HIV-infected patients without CD4+ T cell loss.

Thymic production of naive CD4+ T cells

HIV infection can alter thymic production of CD4+ T cells, as evidenced by quantification of 

TRECs, a by-product of T cell receptor gene rearrangement during thymic T cell maturation 

[36]. Suppressive ART has been associated with an increase in thymic production, and thus 

peripheral levels, of CD4+ T cells [37–39]. Therefore, loss of CD4+ T cells despite receipt of 

suppressive ART may be a result of lowered thymic production. We quantified TRECs in 

peripheral blood as an indicator of naive T cell production. Results ranged from 51 to 6495 

TRECs/mL blood (figure 2), and the number of TRECs correlated inversely with age, as 

demonstrated elsewhere [36] (figure 2). These results were compared with those in 12 HIV-

infected, age-matched control patients receiving suppressive ART without CD4+ T cell loss 

(figure 2). Although none of the study participants were 41–50 years old, a control group in 

this age range was included to demonstrate a decline in TREC productivity with age.

TZ architecture in LT

Infection with HIV can damage LT architecture [1, 7, 15, 40], which may adversely affect 

normal T cell homeostasis [40]. In certain patients, these effects are reversible with ART 

[41], but in the 4 study patients, persistent damage to LT may have irreversibly impaired T 

cell production. Histologic analysis of the 4 patients’ LT follicles and paracortical regions 

revealed marked abnormalities with small, unstimulated, or absent follicles and significant 

TZ depletion of lymphocytes. In patients 1 and 2, HE staining of LT collagen revealed that 

23.7% and 34.2% of the TZ, respectively, was occupied by collagen (figure 3A–3D). In 

patients 3 and 4, the percentages were 24.6% and 29.0%, respectively (figure 3E–3H). 

Quantitative image analysis of the TZ demonstrated marked abnormalities of architecture in 

all participants. These results are consistent with a previous report describing 6 patients with 

undetectable plasma HIV RNA and no CD4+ T cell loss who had TZ collagen levels of 

2.4%–12.3% [7]. A control sample from an HIV-infected patient without a history of CD4+ 

T cell loss after initiation of ART (394 cells/mm3 at baseline and 789 cells/mm3 after 24 

months) had a TZ collagen level of 3.8% (figure 3I).
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The effect of changes in ART

Although there was no evidence of HIV replication, as demonstrated by multiple markers, it 

is possible that the assays were not sensitive enough to detect occult replication. This was 

concerning in light of recent reports that certain triple nucleoside reverse-transcription 

inhibitor (NRTI) regimens (which patients 1, 2, and 3 were receiving) are associated with 

therapeutic failure [42–43]. Therefore, we examined whether a clinically directed, empirical 

change in ART would lead to an increase in CD4+ T cells, suggesting that occult HIV 

replication was contributing to CD4+ T cell loss in the study participants. There was no 

statistically significant difference in CD4+ T cell levels during the period before and after a 

change in ART regimen (median interval before regimen change, 11 months [range, 9–12 

months]; median interval after change, 10 months [range, 7–16 months]) (figure 4). 

Although the change in slope after a change in ART regimen was borderline significant in 

patients 1, 2, and 4, 95% confidence limits for the mean change in slope (−8.1 to 48.4) 

included 0. The median CD4+ T cell count for all 4 patients was 267 cells/mm3 (range, 174–

551 cells/mm3) before and 263 cells/mm3 (range, 126–467 cells/mm3) after the change in 

ART regimen.

DISCUSSION

In many HIV-infected individuals who receive ART, plasma HIV RNA is suppressed below 

the limit of detection and CD4+ T cell counts progressively increase [9]. However, certain 

patients experience a progressive decrease in CD4+ T cell counts despite suppression of 

plasma HIV RNA. We evaluated the etiology of the latter phenomenon in 4 patients, 

considering factors that have been proposed as significant in T cell homeostasis in HIV-

infected persons. There was no consistent pattern of significant occult HIV replication, 

increased cellular turnover or decreased thymic production of naive CD4+ T cells in these 

patients, nor were peripheral CD4+ T cells recovered after a change in ART regimen. The 

only common findings were collagen deposition and compromised LT architecture, 

particularly in the TZ which could impair T cell maturation.

LT can remain a site for active viral replication despite undetectable plasma viremia [26–27, 

31–32, 35]. We evaluated LT specimens and found no evidence of significant, ongoing HIV 

replication. Some HIV replication was demonstrated by ISH in patient 2, whose levels were 

consistent with those found in patients with undetectable viremia and no loss of CD4+ T 

cells. Our inability to induce replication-competent HIV from PBMCs in 3 of 4 patients and 

LNMCs in 4 of 4 patients may also suggest significant suppression of HIV replication, 

although enriching for CD4+ T cells or increasing cell numbers in the cell culture may have 

produced infectious virus. Finally, a lack of drug resistance–associated mutations in PBMCs 

or LNMCs suggests limited viral replication, because mutations arise during active 

replication.

Increased cellular proliferation and decreased thymic production of CD4+ T cells have been 

implicated in altered T cell homeostasis in patients with detectable HIV RNA; these effects 

can be reversed with suppressive ART. In all 4 patients, IHC detected FDC-associated HIV 

p24 antigen (figure 1D), which may contribute to cellular activation. However, because 

similar levels of p24 antigen have been reported in patients receiving ART without CD4+ T 
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cell loss [7, 13–15, 27] and because p24 antigen can remain associated with FDCs in LT for 

years without viral replication [15, 27, 32], this factor is probably not significant in the 

CD4+ T cell loss reported here. Levels of the nuclear proliferation marker Ki-67 in LT were 

consistent with those reported in aviremic patients without CD4+ T cell loss. Other markers, 

such as HLA-DR and chemokine (C-C motif) receptor 5, might provide additional insight 

into cellular activation. However, insufficient material prevented these analyses. In addition, 

there was no evidence of decreased thymic production of naive T cells compared with that in 

age-matched controls with suppressed plasma HIV RNA and no decline in CD4+ T cells. 

Although the study group was too small for statistical analyses, the median TREC blood 

level for the patient group was 1090 TRECs/mL (range, 51–6495 TRECs/mL), compared 

with the control group median of 744 TRECs/mL (range, 303–3347 TRECs/mL). The data 

did not indicate lower levels of TRECs in the study group.

Because of the significant literature on the levels of various markers of HIV replication and 

cellular proliferation [5, 13–15, 24–27, 30–35, 40], including findings from our own 

laboratory, and the low levels of these markers in the study patients, a control group for the 

assays was not used. However, with a median age of 45 years (range, 34–66 years) and 

TREC measurements that vary with age [36], it was important to have age-matched controls 

for the evaluation of thymic production.

Although there was no evidence of occult HIV replication, cellular proliferation, or altered 

thymic production to explain CD4+ T cell loss, all 4 patients showed evidence of substantial 

TZ fibrosis in LT. Almost 30% of the TZ was replaced by scar tissue in the 4 patients, 

compared with 3.8% in a control patient and 2.4% and 12.3% in a previous report [7] of 

patients with undetectable plasma HIV RNA without CD4+ T cell loss. The TZ supports the 

naive T cell population after migration from the thymus, supplies memory CD4+ T cells, and 

is therefore an important factor in maintaining a normal T cell population. Recent reports 

have indicated that greater TZ fibrosis is associated with fewer TZ CD4+ T cells and a 

poorer response to ART [41]. Interestingly, CD4+ T cells actually decreased in these 

patients, suggesting that the process of inflammation leading to TZ fibrosis might have been 

ongoing, even after HIV replication was suppressed. It should be noted that, during HIV 

infection, inguinal lymph nodes may differ immunopathologically from lymph nodes at 

other anatomic sites, owing to chronic immune activation. Comparator lymph nodes used as 

references in other assays were also inguinal.

The change in slopes after a change in ART regimen was nearly significant for 3 of the 4 

patients (patients 1, 2, and 4). Given the small number of subjects studied, the results of 

statistical analysis are inconclusive. Over time or with a larger sample size allowing for 

collective rather than individual analysis, a significant increase in CD4+ T cell count might 

be observed after a change in ART regimen. Because there was no evidence of decreased 

thymic output of naive T cells but clear, consistent evidence of LT fibrosis and damaged 

architecture, impaired T cell homeostasis at the level of the LT may have been a factor in 

declining CD4+ T cell counts, despite receipt of suppressive ART in these 4 patients. The 

reasons for the persistent damage to the LT architecture are unclear but could include very 

high virus loads during acute infection, persistent prior levels of high HIV replication for 

prolonged periods, and the relatively advanced age of the patients. The failure to reconstitute 
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peripheral CD4+ T cells despite suppression of plasma HIV RNA is consistent with previous 

findings from our laboratory and others demonstrating significant destruction of LT with 

disease progression [7, 40, 44–46].

At enrollment, patients 1, 2, and 4 were receiving a triple-NRTI regimen that included 

tenofovir and didanosine, and none of the comparator patients in any evaluation were 

receiving that ART combination. Previous publications have indicated a paradoxical 

decrease in the CD4+ T cell count in subsets of patients receiving tenofovir plus didanosine, 

despite virologic suppression, suggesting that this combination may limit recovery of CD4+ 

T cell counts or actually lead to a decrease in CD4+ T cell counts [47–48]. The concomitant 

treatment with a third NRTI was reported to be an additional predictor of decreases in the 

CD4+ T cell count [42–43]. Although the mechanism underlying this phenomenon is 

unclear, it has been postulated that purine salvage enzymes might be inhibited under these 

circumstances, thus leading to lymphocyte toxicity and subsequent CD4+ T cell loss. 

Therefore, the drug regimen in 3 of 4 patients may have been a key factor in the decline in 

CD4+ T cell counts. However, after a change in ART, there was no significant increase in 

CD4+ T cell counts in any of the patients, including patients 1 and 2, who did not continue 

to receive a tenofovir plus didanosine combination. Patients 1, 2, and 4 experienced an 

upward trend in CD4+ T cell numbers after the change in ART (figure 4), which might 

become statistically significant over time. However, patient 4 continued to receive tenofovir 

plus didanosine after a change in ART and experienced a similar upward trend in CD4+ T 

cell numbers. Therefore, the data indicated that the ART regimen was not the sole factor in 

the decline of CD4+ T cell counts despite suppressed plasma HIV RNA levels, but we 

cannot rule out the possibility that it contributed to the decline.

The small sample size in the present study limited our ability to analyze the impact of a 

change in ART regimens, and 3 of the 4 patients were receiving tenofovir plus didanosine. A 

longitudinal prospective study could therefore help clarify the role of fibrosis in CD4+ T cell 

loss in patients who experience a decline in peripheral CD4+ T cell counts despite 

successfully suppressive ART, because the etiology could be multifactorial. In light of recent 

findings indicating that gut-associated LT (GALT) is a major source for HIV replication 

[49–50], evaluation of GALT should be included in future studies involving CD4+ T cell loss 

in aviremic patients. However, our findings do demonstrate that, in certain patients, 

declining peripheral CD4+ T cell counts may be associated with severe damage to LT 

architecture that can be clinically irreversible with currently available interventions.
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Figure 1. 
Results of in situ hybridization (ISH) and immunohistochemistry (IHC). Human 

immunodeficiency virus (HIV) RNA in lymph node tissue was evaluated by ISH. A and B, 
In patient 2, HIV staining appears pink in a pattern indicating HIV replication (arrows) 
(original magnification in A, ×40; original magnification in B, ×160). C, In a positive 

control from an HIV-infected patient not receiving antiretroviral therapy, HIV staining 

appears white (original magnification, ×40). HIV gag protein p24 was evaluated in lymph 

node tissue by IHC and appears brown on staining. Arrows indicate areas of HIV infection. 

D, Staining revealed the presence of p24 in all 4 patients, with the most extensive p24 

observed in patient 4 (original magnification, ×40). Arrows indicate examples of p24 

staining. E, A p24-positive control sample from an untreated, HIV-positive patient (original 

magnification, ×40). Arrows indicate examples of p24 staining. F–I, The presence of the 

nuclear proliferation marker Ki-67 in lymph node tissue was assessed by IHC; Ki-67 

appears brown and was observed in all 4 patients, with the most staining in patient 4 (F–I, 
patients 1–4, respectively; F and G, original magnification ×64; H and I, original 

magnification ×40). Arrows indicate examples of Ki67 staining. J, A positive control sample 

from an HIV-positive patient shows lymph node tissue with extensive Ki-67 staining 

(original magnification, ×40). Arrows indicate examples of Ki67 staining.
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Figure 2. 
Results of quantitative T cell receptor excision circle (TREC) assays. Patients 3 and 4, who 

were also the youngest patients (39 and 34 years old, respectively), had the highest TREC 

values (1902 and 6495 TRECs/mL blood, respectively) (yellow symbols in the 31–40-year 

age bracket). Patients 1 and 2 (aged 51 and 66 years, respectively), had the lowest TREC 

values (278 and 51 TRECs/mL blood, respectively) (yellow symbols in the 51–66-year age 

bracket). Serving as controls were 12 age-matched human immunodeficiency virus (HIV)–

infected patients undergoing antiretroviral therapy who did not experience declines in CD4+ 

T cells (4 in each age group; blue symbols). Median values for the age groups, represented 

by red lines, were as follows: 31–40 years, 1992 TRECs/mL blood; 41–50 years, 1137 

TRECs/mL blood; and 51–66 years, 460 TRECs/mL blood.
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Figure 3. 
Results of quantitative analysis of collagen deposition in the T cell zone (TZ). To evaluate 

the presence of fibrosis in lymph node tissue, the percentage area of TZ occupied by 

collagen was determined. For each patient, an average of 18 sections were evaluated, and 2 

representative sections are shown (original magnification, ×40 for all images). A–D, 
Collagen fibers were analyzed using hematoxylin-eosin staining in patients 1 (A and B) and 

2 (C and D); these fibers appear pink (arrows). E–H, Collagen fibers were analyzed using 

the Masson method with trichrome staining in patients 3 (E and F) and 4 (G and H); these 

fibers appear blue (arrows). I, In an human immunodeficiency virus–infected patient without 

declines in CD4+ T cell numbers, collagen fibers were stained blue using the Masson 

method (figure was published previously [7]); collagen fibers were present mainly in the 

high endothelial venules and, in smaller proportions, in the cellular portion of the TZ 

(arrow).
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Figure 4. 
CD4+ T cell counts after a change in antiretroviral therapy (ART). Counts were evaluated 

before (median, 11 months) and after (median, 10 months) a change in ART regimen (see 

separate lines in each panel). A break in the slope indicates the change in ART. P values 

represent the significance of the change in linear slope after a change in ART. Red symbols 

indicate the time of enrollment for each patient.
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Table 2

Patient laboratory evaluations.

Patient Ultrasensitive 
plasma HIV 

RNA, copies/mL

Peripheral 
caRNA level, 

copies/106 

PBMCs

Lymph 
node 

caRNA 
level, 

copies/106 

LNMCs

Peripheral 
pvDNA level, 

copies/106 

CD8-depleted 
PBMCs

Lymph 
node 

pvDNA 
level, 

copies/106 

LNMCs

Resistance 
demonstrated by 

OLA

Resistance 
demonstrated 
by TRUGENE

1 5 <50 ND 48 NA None ND

2 <1 <50 <50 6 NA Low peripheral 
levels of M184V

ND

3 1 <50 <50 81 800 None None

4 <1 <50 <50 292 60 None ND

NOTE. caRNA, cell-associated human immunodeficiency virus (HIV) RNA; LNMCs, lymph node mononuclear cells; NA, not amplifiable with 
polymerase chain reaction, given several attempts; ND, not determined, insufficient sample to assay; OLA, oligonucleotide ligation assay; PBMCs, 
peripheral blood mononuclear cells; pvDNA, proviral HIV DNA; TRUGENE, genotypic resistance assay (Visible Genetics).
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